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LOTNOI PAU

Ngay nay, cich mang céng nghiép 4.0 dang la xu thé phat trién cta nén céng nghiép,
nén cong nghiép hién dai nay, vira tao ra co hoi va ciing chinh la thach thirc cho sw phat trién
clia cdng nghiép Viét Nam. V&i muc dich nham giéi thiéu nhitng tié€n bd ky thuat trong cac
linh virc lién quan dén sw dao tao va phat trién ciia Nha tredong, treong Pai hoc M6 - Dia chét,
Khoa Co - Dién t6 chirc Hoi nghi khoa hoc toan quéc vé Co khi, Pién va Tw dong hoa (National
Conference on Mechanical, Electrical, Automation Engineering - MEAE2021).

Hoi nghi l1a noi giao lvu, két noi cac nha khoa hoc, cac doanh nghiép, cac cd nhan dang
hoat dong trong linh vwc néi trén, dé cung nhau thao luln, trao déi hoc thuat va chia sé kinh
nghiép nham thic d4y sw phat trién cta cac linh vuc vé Co khi, Dién va Ty dong héa, nham
phuc vu cho sw nghiép xay dung va phat trién dat nwoc.

Trong tAm cta hoi nghi dé cip dén “Chuyén déi sé trong linh viec Co - Dién” - “Digital
Transformation in Electro-Mechanics” v&i cac chu dé nhu:

v Ky thuit Co khi, Co khi dong luc;
Ky thuat Dién, Dién tit, Dién cong nghiép;
Nang lwong, Nang lwong tai tao;
Tw dong hda, Robot, Co dién ti;
Cong nghé thong tin va tri tué nhan tao;

DN N N NN

va nhirng tién bo ky thuit trong cac linh vuc ké trén.

Ban t& chirc tin rang, Tuyén tap cac cong trinh khoa hoc tham gia Hoi nghi lan nay sé
g6p phan dong gop cé chit lwgng nham thic ddy cho sw phat trién chung cho nén cdng nghiép
ngay nay.

Thay mét Ban t6 chirc, t6i chan thanh cAm on dén Pang ty, Hoi dong treong, Ban Giam
hiéu Trwong Pai hoc M6 - Dia chat va cac don vi lién quan da déng hanh, tao moi diéu kién
thuét lgi cho viéc Hbi nghi dwoc té chirc thanh cong tot dep.

Pic biét, tran trong cdm on dén cac tac gia cac bai bao khoa hoc, cac phan bién, cac
nha khoa hoc, cac co quan dong nghiép, cac doanh nghiép tai trgr da c6 déng gbép quan trong
vi s thanh cong chung ctia H6i nghi MEAE2021.
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motors with permanent-magnet squirrel-cage rotors (PMSM), are
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for electromechanical conversion. Because of the complicated structure of
the PMSM, designing by an analytical method with low accuracy reduces
motor efficiency, so it is critical to research, design, and innovate
technology to improve engine performance. The article's content
discusses the use of numerical simulation methods in the design of PMSM,
replacing the traditional analytical method and thus improving the
efficiency of motor design.
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1. Introduction Efficiency, 1E4-Super Premium Efficiency, and
[E5-Ultra Premium Efficiency. Induction motors
(IM) are widely used in the market today, but
increasing their efficiency to IE3 or IE4 according
to [EC60034-30 is extremely difficult [3-2]. A line-
start permanent-magnet synchronous motor

(LSPMSM) is an energy-saving alternative to the

Nowadays, energy saving is becoming an
important issue for countries all over the world.
Economical and efficient energy use is one of the
most important requirements for sustainable
development in order to deal with the risk of
depletion of fossil fuel sources and the harmful

effects of pollution on the environment. The
electric motor consumes the most electricity of
any electrical appliance, accounting for roughly
70% of total grid power [1].

The IEC60034-30 standard divides motor
efficiency into five categories: IE1-Standard
Efficiency, 1E2-High Efficiency, IE3-Premium

IM motor [3-5].

The rotor losses of the IM account for about
20% of the total losses, the LSPMSM have no rotor
losses [5-6]. Also the loss on the LSPMSM is
greatly reduced due to the reduction of the
motor's magnetizing current. Therefore, LSPMSM
has high efficiency reaching IE3, which can go up
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to super high efficiency 1E4 with power from
0.55kW to 7.5kW [6-7].

To ensure the high performance of the
LSPMSM, the calculation and design of the motor
plays a very important role [7-8]. With traditional
electrical machine design tools using analytic
formulas with many coefficients of experience,
making the motor error large, many parameters
selected are not optimal .. leading to reduced
motor efficiency. To overcome the limitations of
the analytical method, this paper presents a finite
element method (FEM) combined with numerical
simulation on ANSYS Maxwell software to
calculate the electromagnetic analysis in LSPMSM,
thereby optimizing the magnetic circuit design of
the motor. This is a modern new method with
high accuracy, which helps to determine the
magnetic field distribution in space and is
applicable to all structures of magnetic circuits
and even in the mode of magnetic circuits
saturated with magnetic circuits [8].

The content of the article presents the use of
numerical simulation method using FEM in
calculating and designing LSPMSM motors. The
research results lead to a useful solution in
calculating and optimizing the design parameters
of the motor in order to reduce design errors,
thereby improving the performance of the
LSPMSM.

2. Stationary magnetic field with FEM

Magnetic field distribution in the magnetic
circuit and the space around the electromagnetic
device is the solution of the Poisson equation
written for the electromagnetic field of the electric
motor model. This model is based on the Maxwell-
Ampere law. According to the Maxwell - Faraday
equation written for the case of an electric motor
at steady state as follows [8]:

VxH=] (1)
where: f - current density flowing in an
electromagnet coil, A/mz?; H- magnetic field
strength, H/m.

Magnetic field strength H is related to the
magnetic flux density B as the expression:

B = popuH (2)

where: iy - magnetic permeability in a
classical vacuum; p,.- the relative permeability of
the medium.

In the electromagnetic field, B is calculated
through the magnetic potential A:
B=Vx4 (3)
Substituting (2) and (3) into (1), we get the
following equation:
1 - -
Vx(#O#erA) =] 4)
Equation (4) has the general form of
Poisson's equation, can be interpreted in the
analytical model corresponding to the coordinate
system Oxyz as follows:
2 2 2
G v taa) =0 O
Solve (5), find A, then based on (2)and (3) to
calculate the magnetic flux density B and the
magnetic field strength H as follows:

=g - - T a -
B:sz+By]+BZk=(ZAyZ—%)z+

Ay 04\ - , (0Ay 0Ax\ 7
(E_ax)]-l_(a_xy_ﬁ)k (6)

The voltage applied to the coil terminals and
the DC resistance of the coil, the current density
can be determined from the equations:

U=Rdci+L%;IdC=RLdC 7)

where: U - voltage applied to the coil terminals;
Rdc - DC resistance of the coil; L- coil inductance;
Idc - current in the coil; Sdq - coil cross-section.

FEM is a technique for solving equation (5) to
determine the magnetic potential A, then
calculate the magnetic flux density B and
magnetic field strength H according to formulas
(3) and (2), thereby determining the magnetic
field distribution in space with high accuracy.
From there, it will be of great help to the designer
and operator in adjusting the parameters of the
electromagnetic mechanism of the machine, to
optimize the distribution of the magnetic field in
space to improve the operating efficiency of the
machine. FEM consists of 4 basic steps as follows:

- Discrete the analytical domain into elements.
Elements are linked together to form a mesh.

- Choose the membership function and
approximate the solution on each element.
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- Concatenate all elements in the analytical
domain to obtain the system matrix.

- Solve the system matrix by iterative method.

To calculate according to FEM requires the
support of digital computers and software
programs written on the mathematical
foundation of FEM.

3. Optimization of LSPMSM design using FEM
numerical simulation method

The LSPMSM is a hybrid motor with three-
phase windings distributed in the stator tracks
(similar to an IM), the rotor of the motor uses a
squirrel cage and is fitted with a permanent
magnet, shown in Figure 1 [10].

Figure 1. LSPMSM

LSPMSM can be started directly without using
controller, after starting the motor will work at
synchronous speed with high torque, low inertia.
Depending on the arrangement of the permanent
magnets on the rotor, there will be different rotor
configurations.

The motor selected for design simulation is a
3-phase type and has typical specifications:
Nominal power Pn = 15kW; nn = 3000 (rpm); Un
=660/1140 (V), type 2P. In order to perform the
simulation of the optimal design of the LSPMSM,
perform the calculation of the initial motor
parameters with the calculation results given in
Table 1.

Table 1. Calculation results of motor parameters
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Result of circuit parameter design from stator
steel foil and motor rotor Pn = 15kW; nn = 3000
(rpm), Un = 660/1140 (V) type 2P shown in
Figure 2 and Figure 3.
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Figure 3. Dimensions of the rotor

In order to have the optimal design of the
permanent magnets on the rotor circuit, different
layout options are offered, then analysis and
selection of the optimal design options are
available. For LSPMSM Pn = 15kW type 2P
permanent magnets placed on two symmetrical
sides, offering two layout options as follows:

- Option 1: U-shaped permanent magnets is
arranged from three segments forming;

- Option 2: permanent magnets in the shape of
a horseshoe (C-shaped) are arranged

Simulation results of electromagnetic field
distribution, conductor current and LSPMSM
speed response of the two options are shown in
Figures 4, 5 and 6.
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Figure 4. Electromagnetic field distribution

in the magnetic circuit of the LSPMSM

a- Structure of U-shaped permanent magnets; b- Structure of C-shaped permanent magnets
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Figure 5. Current on the stator winding of the LSPMSM

a- Structure of U-shaped permanent magnets; b- Structure of C-shaped permanent magnets
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Figure 6. Speed response of LSPMSM

a- Structure of U-shaped permanent magnets; b-

Numerical simulation results by FEM show
that both layout options allow the motor to start
automatically. However, the U-shaped layout plan
has a strong distribution of electromagnetic fields
in the motor, making the starting time long. At that

Structure of C-shaped permanent magnets

time, the current on the winding is nonlinear,
causing the starting torque to vibrate, speed
response is slower the motor vibrates more
during starting. Thus, the C-shaped permanent
magnets arrangement on the rotor of LSPMSM
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gives better results in terms of electromagnetic
and mechanical parameters of the motor than the
U-shaped permanent magnets arrangement, it
have better performance and working
characteristics.

4., Conclusion

The application of modern numerical
simulation methods to the calculation and design
of electrical equipment in general as well as
LSPMSM helps designers to quickly calculate
parameters with small errors, optimize the design
plan. These modern design tools lead to faster,
more accurate, and less error-prone design
results, enhancing the design and manufacturing
capabilities of electrical machines. In addition, it is
possible to survey the electromechanical
parameters and investigate the electromagnetic
characteristics inside the motor. This will help the
designer be able to come up with options to
change the design parameters to improve the
electromagnetic field distribution in the motor
optimally to improve the quality of the designed
motor.
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Tinh dong dién ro trong cac mangdién mo ham 16 ¢ st dung
cic b6 bién doi ban dan & ché d6 qua trinh qua do
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1 Khoa Co Pién, Truong Pai hoc Mo - Dia chét
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Ttr khoa:

Dong dién ro; mang dién
mo; bién déi ban dan; qua
trinh qua do, so’ do twong
duwong.

Mang dién cé st dung cdc bé bién déi bdan ddn (mang hén hop) ngady cang
dworc st dung nhiéu trong cdc mé hdm 1o viing Qudng Ninh. D€ co thé lwa
chon du’p‘c nhu'ng gidi phdp han ché’hi_éu qud déng dién ro trong cdc mang
dién nay can phdi biét dwgrc ddc diém ctia dong ro phdt sinh trong do. Bai
bdo trinh bay két qud xay du'ng cdc biéu thirc tinh dong dién ro trong cdc
mang dién mé hén hop & ché do qua trinh quad dé. Véi két qua nhdn duworc,
ldn ddu tién quy ludt blen thién cua dong dién ro khi cé ro mot pha tr phan
mach xoay chiéu tin sé céng nghlep varo o phan mach mdt chiéu ctia mot
mang dién mé hon hop dwoc mé td & dang glal tich. Cdc biéu thirc nay cé
tinh tong qudt vi cho phép tinh dwoc dong diénro & cd ché dé xdc ldp va ché
do qud trinh qud dé. Két qud nghién ciru nay con cé thé dp dung dé'tinh todn
dong diénro trong cdc mang dién don va hon hop khdng néi dat khdc (mang
ACIT, DCIT va AC/DCIT).

Copyright © 2021 Trwdng Pai hoc M6 - Pia chit. Tit ca cac quyén dwgc bao dam.

1.M¢& dau

Trong cac tai liéu (Kim Ngoc Linh, 2018; Kim
Ngoc Linh va nnk, 2020), da trinh bay cac két qua
nghién ctru tinh dong dién ro trong cic mang dién
mé c6 chira cac bd bién d6i (mang dién mé hon
hop). Cac biéu thirc xay dung dwoc cho phép tinh
toan dong dién ro khi phat sinh ro & phin mang
trwdc bién tin, phan mang sau bién tan va phan
mach dién mot chiéu ciia mot mang dién mé hon
hop & ché do xac lap. Thuc té, trong nhiéu trwong
hop cin phai biét rd tinh chat qua trinh qua do cia
dong dién ro, vi du nhw khi can chon thoi gian tré
cutia role bao vé ro, tinh dién lwong qua nguoi dé
xac dinh diéu kién an toan dién giit cia mang v.v...
Maic du viy, van dé nghién ctu tinh dong dién ro

trong cac mang dién mé hon hop & ché do qua
trinh qua do con it dwoc quan tim va cho dén nay
van chua c6 két qua nao dwoc cong bd. Bai bao nay
trinh bay két qua nghién ctru ctia chiing t6i vé tinh
dong dién ro & phan mach xoay chiéu tan s6 cong
nghiép va phin mach mét chiéu cia mdt mang
dién mé hon hop & ché dd qua trinh qua do.

2. Két qua nghién ciru

Vi giad thiét mang c6 théng so tip trung, bo
qua tré khang cda bién ap va cap va khong tinh
dén tré khang cach dién gitra cac pha cia mang, so
do6 twong dwong vé phwong dién an toan dién giat
cho mang dién mo ham 10 c6 st dung cic bd bién
d6i ban din (mang hén hgp) nhw hinh 1
(Petrichencé A.A, 2017; Kim Ngoc Linh, 2019).
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A MTBT MMC

L Al MSBT
TAI BN g/

+
B CHINH
LUU B
c —o
BAKV
Ra Rg Rg i R_

LI =

TAN
—rAf —FBf —FCf gc}z

Hinh 1. Sor d6 twong dwong vé phwong dién an toan dién gidt ctia mang dién mé hén hop

Trong so d6 hinh 1 ky hiéu Ra, Rg, Re, Ca, Cs,
Ccla dién tré cach dién va dién dung cac pha so véi
dat cta phan mang xoay chiéu trwdc bién tin
(MTBT); Ras, Ras, Rer, Car, Car, Cer 12 dién tré cach
dién va dién dung cic pha so véi dit cia phan
mang xoay chiéu sau bién tan (MSBT); R4, R, Cs,
C. la dién tré cach dién va dién dung gilta cuc
dwong (+) va cwc 4m (-) so v&i dat cia phan mang
mot chiéu (MMC).

2.1 Tinh dong dién ro khi cé ro & phin mach
xoay chiéu tin s cong nghiép

Vi gia thiét phan mach chinh luu dwoc méc
truc tiép khong qua bién ap va bé qua dnh hudng
do tré khang cach dién ctia phan mang sau bién
tan, so' d6 tinh toan dong dién ro khi cham vao mot
pha phan mach dién xoay chiéu tin s6 cong nghiép
(MTBT) cta mang dién mé hén hop nhw hinh 2
(Kim Ngoc Linh, 2020).

MMC +
Uy NN N
A MTBT
9
3 8 Up
3 ¢
NN N
Rl Rg R¢ . O m
[N
- ||= - " R R_

, C. o
lro2+ o2

Hinh 2. So d6 tinh dong dién ro khi cé ro mgt pha phdn mach dién xoay chiéu

Trong so d6 hinh 2 ky hiéu Ry; 1a dién tré ro;
Ut la dién &p pha cudn thir cip ctia may bién ap
khu virc; U 1a tri s6 trung binh ctia dién ap chinh
lwu ciu ba pha (U, ~ 2,34U, ).

Khi c6 ro mot pha, dong ir; qua dién tré ro Ry
sé gom hai thanh phéin: Thanh phan dong xoay
chiéu i1 giy boi dién tré va dién dung cach dién
ctiia phan mach xoay chiéu MTBT va thanh phan
dong mot chiéu irez €6 tri s6 tuy thudc vao sy mét
déi xtrng dién trd cach dién cia phin mach dién
mot chiéu MMC.

e Tinh dong dién ro xoay chiéu irs:

So d6 twong dwong dé tinh dong dién ro0 irs1
nhuw hinh 3.
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Hinh 3. So d6 twong dwong tinh dong 10 i
Trong so @6 hinh 3 ky hiéu R la dién tré
cach dién twong dwong so véi dat cua phan
mach xoay chiéu MTBT (R=Ra//Rs//Rc), C la
dién dung twong dwong cia MTBT so v&i dat
(C=CA+CB+C(;).
Gia thiét dién ap pha cudn thi& cip cia
bién 4p c6 dang u, =~/2U, sin(ot+y) suy ra:
Tri s6 dong dién ro & thoi diém t=0:
i (0)= «/EUf siny
R
Thanh phan xac lap cia dong dién ro:
ST JR? +X2
JRZRZ + X2(R +R,,)?
-R?*X,
R?R,, +X2(R+R,)’
Thanh phan tw do ctia dong dién ro:
irorg = AEXp(—t/1)
véi 1=R,C=RR,C/(R+R,)
Xép chong két qua va thay so kién cudi cung cé
dwoc thanh phan xoay chiéu cia dong dién ro

irs1 6 dang:
JRZ+X2

I?O +X(2:(R + RI'O)2

i JRZ X2
32U, Y c

Ro  JR?RZ +X2(R+R,,)’

ro

sin(ot +y — )

voi ¢ =arctg

X.=1/0C

Ir01 = ‘Euf \/RZR

Sin(u)t+\|/—(p)+

sin(y —o) |exp(-t/1)

(1)

e Tinh dong dién ro mdt chiéu ir,2:

Dong dién ro irs2 gom hai thanh phan. Thanh
phén ire2- do so d6 ba van cwc tinh 4m so v&i dat
gay ra va thanh phan ix2+ do so d6 ba van cuc
tinh dwong so véi dat giy ra. So d6 twong dwong
dé tinh thanh phan ix,- cia dong ro mét chiéu
néu trén hinh 4a.

a
Hinh 4. 80)66 tuong duong tinh dong r0 152-
Tt so @6 hinh hinh 4a suy ra cé
U (+0) = Uc(-0) = U,R/2(R +R )
Vay dong dién ro tai thoi diém t=0:
i (0)=U.(+0)/R; =U,R/2R,(R+R_)
Ap dung phwong phap ngudn twong dwong cé
so d6 tinh dong dién ro iw2- nhw hinh 4b.
Trong so d6 c6 U, =U,R/2(R+R);
R,=(R/IR)=RR_I(R+R.);
C,=(C/IC)=C+C_.

Tt so d6 hinh 4b tinh dwoc thanh phén xac 1ap
cua dong dién ro:

. __ Uy __URI2R+R) _
" R,+R, RR_/(R+R.)+R,
U,R

" 2(RR_+RR, +R_R,)
Thanh phén ty do ctia dong dién ro:
Ttz = A, €Xp(pt) = A, exp(-t/t, ),
RRR,(C+C)
RR_+RR,+R R,
Xép chong két qua va thay so kién cu6i cung tinh
dwoc dong ro qua trinh qua do iroz-:

UR 1+ R ety )
2(RR_+RR,+RR,)|  (R+RR,

(2)
Mot cach twong tu tinh dwoc thanh phan irez. clia
dong dién ro mot chiéu:

. U,R RR,
o = 1+ exp(-t/t,,)
2(RR, +RR, +R,R ;) (R+R)R

(3)

voi T, =

lop- =

RR.R,(C+C,)
RR, +RR,, +R,R
T (2) va (3) suy ra dong ro mot chiéu
02 =lroz2- — oz be‘“mg:

voiT, =

+ 1o
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i - UR {1+ RR_ exp(—t/rz)}— Tl cac biéu thirc (1) va (4) tinh dwoc dong ro
2(RR_+RR+R.R,,) (R+R)R, t6ng bé“mg:

UR RR
1+ *——exp(-t/t,,
Z(RR++RRr0+R+Rr(‘J) (R+R+)Rrﬁ

(4)
2 2 - 2 2
JR?+ X2 sin(mt+w—(p)+ﬁuf[5m\“— JRZ+XE

L XER+R,) R JR'RE, +XE(R+R,)’

i =\/5Uf \/RZR Sin(w—(p)}exp(—t/t)+

+2(RR7+RR“‘J+R7RH«)) +(R+R7)Rm 2(RR, +RR, +R,R,; +(R+R+)Rm

2.2 Tinh dong dién ro phin mach mét chiéu dwoc mic truc tiép khong qua bién 4p va bo qua

anh hwéng do tré khang cach dién ctia phéan

mang sau bién tin, so’ d6 tinh toan dong dién ro
Xét trwong hop mang dién mé hén hop cé khi cham vao diy 4&m phan mach dién mot chiéu

chtra phu tai mét chiéu (hodc mang khéng c6  ctia mang dién mé hdn hop nhw hinh 5 (Kim

phu tai mot chiéu nhung phan chinh lwu va phan Ngoc Linh, 2019).

nghich lwu trong bd bién tin c6 khoang cach

dang ké), véi gia thiét phan mach chinh lwu

YR {1 RR_ exp(—t/rz)}— UoR ){1 RR., exp(—t/rh} (5)

a. Tinh dong dién ro khi bi ro day am

MMC +
U, YN NN
A MTBT
>
- 8 Uo
3 c
NN N

Dl © SR
IEE = Wb g

Hinh 5. Sor db tinh todn dong dién ro qud trinh qud dé khi cham vao ddy ém

Dong dién ro ir- gom thanh phin dong i1 do a)

ngudn dién ap cwc tinh Am ctia ngudn mot chiéu Hinh 6. So d6 tinh i,..; khi cham vao day am
so véi dat giy ra va thanh phan dong ir-2 do so
d6 ba van (cuc tinh 4m) so v&i dit giy ra (thanh
phan iz chi ton tai khi ké dén dién trd va dién
dung cach dién cia phan mang trudc bién tan).

T so d6 hinh 6a suy ra theo luit déng mé tu
diéncé U. (+0)=U, (-0)=U,R_/(R, +R.)

Vay dong dién ro tai thoi diém t=0:

Io1(0) =Uc_(+0)/Ry =UR_/R, (R, +R.)

Ap dung phwong phap ngudn twong dwong cé
so do tinh todn dong ro iro1 nhw hinh 6b. Trong
d6 U,=UR_I(R,+R.); Ry=R,R_/(R, +R);
Ctd = C+ +C_

Tt so @6 hinh 6b tinh dwgc thanh phan xac lap
cia dong dién ro:

Tl so d6 hinh 5, ¢6 so d6 twong dwong dé
tinh thanh phan dong dién ro ir.-1 nhw hinh 6a.
—+

10
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. __ Uy __ URIR.+R) _ i, ,(0)=U. (+0)/R, =U,R_/2R,(R+R.)
M Ry.+R, R,R_/R,.+R)+R, Ap dung phuwong phap ngudn twong dwong cé
- U,R_ so do tinh toan dong dién ro ir.-2 twong tw nhw
" R,R_+R,R,+R R, hinh 6b, trong d6 U,=UR_/2(R+R_);
Thanh phan tv do ca dong dién ro: Ry=RR_/(R+R_); C,=C+C_.
g1 = A exp(pt) = A exp(-t/t ), Tinh thanh phan xac 14p cia dong dién ro tir so
voi T, = R,RR,(C,+C.) do twong (liJu’omg: UR 12RAR )
R R Rt R R ot =R LR, RRIR+R)+R,
Xép chong két qua va thay so kién cudi cung cé e - -/
két qua dong ro qua trinh qua do: _ UoR_
o= UoR. {1+ RR_ p(tiny) %(RR‘ +\ARR“’ y R‘IQ,")) ea
R,R_+R,R,+RR,;|  (R,+R.R, Thanh phan tw do cia dong dién ro:
(6) o2 = Az eXp(pt) = A exp(-t/1,),

So d6 twong dwong dé tinh thanh phin dong
dién ro ir-2 do so d6 ba van cuc tinh 4m so v&i
dat tao nén (thanh phan dong dién ro khi tinh
dén dién tré va dién dung cich dién cia phian
mang trwéc bién tin) nhw hinh 7.

g RR R, (C+C.)
voit, =
RR_+RR,+R R,
Xép chong két qua va thay so kién cudi cung ¢
két qua dong ro qua trinh qua do:

. U,R_ RR_
Uy /2 o2 T 2RR + R(I)?ré TR R,) {“ (R+R)R, EXp(_t/”)}
O/ 1 ©
i, Vay dong ro tong khi cham vao diy 4m bang

R|| C

-|_ R C—|_ Ry e A
. U,R_ 1+ R.R_
(R,

i, = exp(-t/ +
““RR +R.R,+RR, TROR, O “)J

ro

Hinh 7. So db tinh i, khi cham vao day am

" + UeR. 1+ RR. exp(-t/t_,)
Trong so d6 hinh 7 cé R va C la dién tré cach 2(RR_+RR,+RR;)|  (R+R)R, )
dién va dién dung tdng cia phan mang trudéc (7)
bién tin so vé&i dat  (R=Ra//Rs//Re, , . n vt s an
C=Ca//Cs//Co). b. Tinh dong dién ro khi bi ro day dwong
Tt so d6 hinh 7 suy ra cé So d6 tinh todn dong dién ro khi cham vao day
U (+0)=Uc (-0)=UR_/2(R+R.) dwong phan mach dién mét chiéu cia mang
Vay dong dién ro tai thoi diém t=0: dién mé hon hop nhu hinh 8.
MMC +
U N RN N
A MTBT
3 8 U
3 c
N RN N -
R | Rs | Re W
= N+ O r| | R l
L i

c H fee Je. B4 - o
Tt [

Hinh 8. So db tinh toan dong dién ro qua trinh qua d6 khi cham vao day duong

11
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Dong dién ro i+ cling gobm thanh phan dong
dién ro ir+1 do ngudn dién ap cuwc tinh dwong
cda nguon mot chiéu so véi dit gy ra va thanh
phan dong dién ro0 iro+2 do so d6 ba van cuc tinh
dwong so véi dit giy ra (thanh phan ive.2 cling
chi ton tai khi ké dén dién tré va dién dung cach
dién cia phan mang truéc bién tin).
Tinh toan twong tw c6 két qua (Kim Ngoc Linh,
2019):

. U,R,

“ " R,R +R,R,+R R,

exp(-t/ T+1)}

(8)

R.R_
+
{ (R++R—)Rr0
R.R R,(C,+C))
R+R_+R+Rr()+R—Rr0
_ U,R. RR,
Iro+2: 1+
2(RR, +RR,+R,R.)|” (R+R,)R,

voi 1, =

eXp(—t/T+2)j|
9)
RR.R,(C+C.)

RR, +RR,+R,R,,

Xép chong kétquaco i, =i, +i
B U,R.

“ R,R_+R,R,+R_R,

U,R, R,

+ 1+

2(RR, +RR,+R.R;)|" (R+R,)R,

voi 1, =

ro+2 "

. R
i { + R ++R:)Rm exp(t/t+1)}+
exp(—t/uz)}

(10)

3. Théao luan

+ Tl cac biéu thirc (5), (7) va (10), khi cho
t > ta c6 cac biéu thirc tinh dong dién ro
trong phan mach dién xoay chiéu tan s6 cong
nghiép va phan mach mét chiéu ciia mang dién
mo hdn hop & ché do xac 1ap. Két qua nay trung
vGi cac biéu thirc tinh dong dién ro xac 1ap da
dwoc trinh bay trong céc tai liéu (Petrichencd
A.A., 2017; Kim Ngoc Linh, 2018).

+ Tw (1) va (4) suy ra khi c6 ro mot pha &
phan mach xoay chiéu tin sé cdng nghiép, dong
dién ro gobm hai thanh phan: Thanh phan dong
ro xoay chiéu cé tri sd chi phu thudc vao dién tré
va dién dung cach dién ctia phan mach xoay
chiéu trwdc bién tin va thanh phin dong ro mot
chiéu c6 tri s6 tiy thudc vao sw mit déi xirng
dién tré cach dién cta phin mach dién mot
chiéu.
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+ Biéu thitc (5) cho thiy rang, néu phan mach
dién mot chiéu trong mang dién mé hon hop c6
dién tré cach dién doi xing (R.=R.) thi dién tré va
dién dung cach dién cia phan mach mot chiéu
khong anh hwéng dén dong dién ro trong phin
mach xoay chiéu tin s6 cong nghiép. Vi viy, nén
lwa chon thiét bi sao cho phdn mach mot chiéu
c6 chiéu dai ngan nhat dé dé dat dwoc diéu kién
R.=R..

+ Twr (1) suy ra voi dién dung gidi han cho
phép clia mang dién mo la Cmax=1uF /pha, khi c6 ro
mot pha phan mach dién xoay chiéu tin s6 cong
nghiép cia mang dién mé hon hop qua dién tré 1
kQ, thoi gian qua trinh qué do cda thanh phian
dong dién ro xoay chiéu khong vwrot quéa 3ms.

4. Két luan

Tt nhirng két quia trinh bay trén day c6 thé
rat ra dwoc két luan sau:

Vi cac biéu thire (5), (7) va (10), quy luat
bién thién ctia dong dién ro khi c6 ro mot pha tw
phan mach dién xoay chiéu tin s6 cong nghiép va
ro & phan mach mot chiéu ciia mét mang dién mo
hén hop dwoc mo ta & dang gidi tich. Cac biéu thirc
nay co tinh tdng quat vi cho phép tinh dwoc dong
dién ro & ca ché do xac lap va ché dé qua trinh qua
do.

Két qua nghién ctru trén c6 thé ap dung dé
tinh toan dong dién ro trong cdc mang dién don va
hén hop khong néi dat khac (mang ACIT, DCIT va
AC/DCIT).
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ABSTRACT

Calculation of leakage currents in underground mine power networks using semiconductor
converters in transient mode

Underground mine power networks using semiconductor converters (combined power
networks) are increasingly used in Quang Ninh region. In order to choose effective solutions to limit
leakage currents in these power networks, it is necessary to know the characteristics of such leakage
currents. This paper presents the results of the leakage current calculation in the combined mine
power networks under transient mode. For the first time, variation laws of the leakage currents from
single phase of industrial frequency AC circuit part and DC circuit part in the combined power
network are shown in analytical forms. These expressions are general because they allow to be
determined the leakage current in both steady-state and transient modes. These results can also be
applied to calculate leakage currents in other ungrounded power networks (AC IT, DC IT and AC/DC
IT networks).

Keywords: leakage current, combined power network, semiconductor converter, transient mode,
equivalent circuit.
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Identification of Two-Mass Mechanical Systems by Using
Fourier Interpolation
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from the torque to the speed. The mechanical parameters of the two-mass
systems are then identified from the transfer function

Copyright © 2021 Hanoi University of Mining and Geology. All rights reserved.

1. Introduction

High performance ac drives are used
extensively in different applications, such as
machine tools [1], molding machines [2] and
industrial robots [3] due to their high power
density and flexible control algorithm. Such the
drives often consist of several moving parts,
which are coupled by gear boxes, long shaft or
belts, resulting in mechanical resonances. To
ensure high performance of a mechatronics
system characterized by mechanical resonances,
the information pertaining  mechanical
parameters have to be known. Unfortunately, it is
not always available in the datasheets of the
mechanical components or the calculation of the
mechanical parameters can be cumbersome.
Therefore, automatic parameters identification
in the start-up of the drive or during the drive
operation is crucial for allowing model-based
automatic tuning algorithms of the controllers
installed in the drive

In terms of mechanical parameter
identification, there are a number of approaches
that were already presented in books and
literature. Generally, the available approaches

14

can be classified into offline and online methods
[4]. Frequency domain, time domain, numerical
or observer based methods can be adopted for
both the two categories of identification methods
[5]-

This paper focuses on the estimation of

mechanical parameters of a two-mass
mechanical system by wusing Fourier
interpolation and torque excitation. The

proposed method belongs to the frequency
domain based methods, where the main idea is
the use of a pseudo random binary signal (PRBS)
as a torque excitation signal. The transfer
function from the machine speed to the reference
torque is calculated from the spectrum of the m
speed and the reference torque. The mechanical
parameters are then identified according to the
resonant and anti-resonant frequency of the
obtained transfer function. It should be noted
that the proposed methods can be conducted
offline without the use of any additional sensors.
Furthermore, the algorithm behind the proposed
method can be easily configured to the drive
software.

This paper is organized as follows. The
modeling of a two-mass system is presented in
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section 2, followed by the parameter
identification method. In section 4, simulation
results will be given to verify the effectiveness of
the proposed method. Section 5 dedicates to
some conclusions of the research work.

2. Modeling of a two-mass system

The model of a two-mass mechanical system
is depicted in Figure 1. The model is composed of
load side and motor side moments of inertia,
denoted by J; and J, respectively. The finite
stiffness and the damping of the coupling
between the load and the motor are K5 and Cj.
The friction is modeled as viscous damping both
on the motor side and on the load side, denoted
by by, and b;, respectively.

The differential equations of the two-mass
mechanical system are given as

]M'G.I'f/.lzTM_TL_bM'.H'M
J.-0,=Ts—T,—b,-6,
TS:KS'(GM_GL)+CS'(9M_6L)

)

where the angular position of the motor and the
load are denoted by 8,, and 8;, respectively. The
angular velocity of the motor and the load are
given as wy = 6 and w, = ;. The motor
electromagnetic torque, the load torque and the
shaft torque are denoted by Ty, T, Ts,
respectively.

From (1), the open loop transfer function
from the motor torque Ty, (s) to the speed wy, (s)
is

By (s)

Gu(s) = A(s)

()

and from the load torque T (s) to the speed
wy(s)is

BL(s)
A(s)

GL(s) = 3)

15

Figure 1. Model of a two-mass mechanical
system

where
BM(S) =]L.52+(CS+bL).S+KS
Bi(s) = (cs + by) s + K

AGS) =] u- s+ Umcs +Ji¢s + Jby + Jubr) -s?
+ beL) 'S + KS : (bM + bL)

It is important to mention that the set of
mechanical parameters under identification
process includes {J;, Ks, cs, by, b }. Jy is always
available in the datasheet of the driving machine.
However in most cases, we can assume that by, =
0, b;, = 0 and ¢g = 0. Under this assumption, the

anti-resonance frequency and resonance
frequency are
o = Ks o = Ks-(u +J1) (a)
ares ]L ) ¥Mres ]M]L

respectively [6].

3. Identification method
a. Theidea of the proposed method

This section dedicates to the proposed
identification method that is associated with a
PRBS functioned as the torque excitation signal
and the Fourier interpolation for obtaining the
spectrum of the reference torque and of the
machine speed.

Equation can be rewritten as:

(2)

wp(S)
Gu(s) = _T;;(S)

)
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If the mechanical parameters of the two-mass
system are as given in Table 1, then the transfer
function G, (s) can be defined whose Bode plotis
shown in Figure 2.

Table 1. Datasheet value of a two-mass
mechanical system [6]

if we assume by; = 0,b; = 0 and ¢s = 0, then
the anti-resonant and resonant frequencies of the
two-mass
As already mentioned in the previous section that
mechanical system are given in (4). The anti-
resonant and resonant frequencies can also be
observed clearly in Figure 2.

It is observed that the two remaining
mechanical parameters to be considered J; and
K can be identified if the information of the anti-
resonant and resonant frequencies are available.
The identification process is now changed to the
calculation of the anti-resonant and resonant
frequencies. This can be done by calculating the
frequency response of Gy, (s).

For attaining the frequency response of
Gy (s) in a wide frequency range, the spectrum of
the reference torque Ty (s) has to be rich in
harmonics at all frequencies under
consideration. The reference torque is therefore
not only the output of the speed controller but
also augmented with a PRBS that will be
introduced in the next subsection.

Bode Diagram

10
Kwres
%\ 10(),
e
o
2
Z 107 F
on
<
s
1072
10° 10! 102 10°

Frequency (Hz)

Figure 2. Magnitude of G, (s) corresponding
to mechanical data given in Table 1

PRBS
u= T[\'I:ruf
-
Speed Torque Two-mass
controller control system
WM, ref + + + Tha Y= WM
4-(:[)—‘ C(s) 1 Gls) -
Figure 3. Identification topology
Parameter Value Parameter Value
Ju (kg -m?) 0.005 cs (Nm/rad) 0.22
J, (kg -m?) 0.038 by (Nm/rad) 0
Ks (Nm/rad) 1100 b, (Nm/rad) 0
Figure 3 shows the topology of the

identification procedure that is conducted in the
closed speed control loop for ignoring the effects
of friction. The procedure for designing the speed
controller can be found in [7].

b. Pseudo Random Binary Signal (PRBS)

It is well known that PRSB is among the best
candidates of signals that ensures rich harmonics
over a wide frequencies range. It can also easily
generated by a digital processor. Figure 4 depicts
the generation of the PRBS by using a shift
register. In each sample cycle time T} of the PRBS,
a new most significant bit is generated from the
XOR gate.

05 20

|

S
=

Figure 4. PRBS generation by utilizing a shift
register

The PRBS is dependent on the length n of the
shift register and on which bits to be fed back.
Figure 5 depicts the elements of the shift register

v o] ] Tl =~{x}=
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that are able to be fed back depending on the
length of the shift register.

7

=

=

&

-

Elements for feedback vin XOR-gates

&

&

3 12 15 &

Length of the shift regist;r n

Figure 5. Possible combination of the shift
register elements for feeding back with regard to
the length of the shift register.

Since after the sampling time T}, the elements
of the register are shifted one step to the right, the
resulting PRBS is deterministic and periodic. The
period T, of the PRBS is given by

T,=(@2"—1) T, (6)

Because of the deterministic phenomenon, the
PRBS is different from the white noise. The
spectral content of the PRBS depends on the
length of the shift register and on the sampling
time. In this paper, a PRBS is generated by a 17-
bit shift register.

c. Fourier interpolation

As the control system works in the discrete time-
domain, the discrete Fourier representation of
any arbitrary signal x(7) will be considered.

M-1
Qo
x(t) =—+ ay - cos(k - 1)
M-1 )

+z by - sin (k- 1)
k=1

12
a =X =

Where =0
N

x(i-At)-cos (k-i-At)

~x(i+At)-sin (ki A1)

with Az = 2rr/N, N is the number of samples per
period.

The coefficient corresponding to the k!
harmonic of x(7) is defined by:

Ck="a12c+bl% 3

From (8), the magnitude of Gp(s) with
respect to k (Hz) is defined as the ratio of the k"
coefficient of wy, (t) and Ty (7).

4., Simulation results

To verify the effectiveness of the proposed
method, a two-mass system with the key
parameters given in Table 1 is taken into account.
The simulation model whose topology is depicted
in Figure 3 is carried out in Matlab/Simulink
environment. As aforementioned, the PRBS is
generated by a 17-bit shift register. The sampling
of the signal is set to 4 kHz and the feed-back bit
is defined by Figure 5.

Error! Reference source not found. and
Error! Reference source not found. show the
electromagnetic torque and the velocity of the
machine, shaft and load, respectively. According
to the speed controller designed based on the
state-space model as presented in [7], the speed
in both the machine side and the load side tracks
the reference speed regardless of the change of
the load torque.

Figure 6 demonstrates the frequency
response of Gy (s). It is observed that the
datasheet curve is fitted to the estimation curve,
meaning that the estimation of the frequency
response of Gy, (s) is precise. The anti-resonant
and resonant frequencies are f,,.s = 27 Hz and
fres = 79 Hz that can be seen clearly in Figure 6.
Itis deduced from (4) that:

Juo=In- (H2=-1) ©)
Ks=Jp.- wrges (10)
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By substituting f;,es = 27 Hz and f.s =
79 Hz and J;; = 0.005 kg - m? into (9) and (10),
we obtain J, =0.038kg-m?and Kg=
1093 (Nm/rad) that are absolutely coincidental
with those given in Table 1.

According to [8], the value of c¢g can be
approximated as

K

= 27 fres " Qi D

Bode Diagram

T
/ “ares

Magnitude (abs)

N

< | mmmmmm Datasheet curve

Estimation curve
T

(=

10° 10" 102 10°

Frequency (Hz)

Figure 6. The magnitude of G, (s) with 17-bit
PRBS

Bode Diagram

10

Magnitude (abs)

Datasheet curve
Estimation curve

107

10
Frequency (Hz)

Figure 7. The magnitude of Gy, (s) with 10-bit
PRBS

10! 10 10°

It is worth noting that the change in the form
of the PRBS affects the precision of the
identification method. As it is shown in Figure 7,
the frequency response of Gy, (s) contains more
noise when using a 10-bit PRBS signal than that
corresponding to a 17-bit PRBS signal. It can be
concluded that the selection of the excitation
signal is an important task in the identification
process.

5. Conclusions

The identification method proposed in this
paper was able to estimate precisely the
mechanical parameters of a two-mass
mechanical system. The three most significant
important parameters, including the moment of
the load inertia J;, the stiffness K; and the
damping coefficient cs of the coupling, are
identified via the frequency response of the
transfer function from the machine velocity to the
electromagnetic torque. The proposed method
can be carried out offline in the start-up of the
mechatronics system.

References

[1]C. Hu, B. Yao, and Q. Wang, “Coordinated
Adaptive Robust Contouring Controller
Design for an Industrial Biaxial Precision
Gantry,” IEEEASME Trans. Mechatron,, vol. 15,
no. 5 pp. 728-735 Oct. 2010, doi:
10.1109/TMECH.2009.2032292.

[2]K. Ohishi and R. Furusawa, “Actuators for
Motion Control: Fine Actuator Force Control
for Electric Injection Molding Machines,” IEEE
Ind. Electron. Mag,, vol. 6, no. 1, pp. 4-13, Mar.
2012, doi: 10.1109/MIE.2012.2182831.

[3]M. Ostring, S. Gunnarsson, and M. Norrléf,
“Closed-loop identification of an industrial
robot containing flexibilities,” Control Eng.
Pract, vol. 11, no. 3, pp. 291-300, Mar. 2003,
doi: 10.1016/S0967-0661(02)00114-4.

[4]M. S. Rafaq and J]. Jung, “A Comprehensive
Review of State-of-the-Art Parameter
Estimation Techniques for Permanent Magnet



A
r N
F a

2021

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHi - PIEN - T PONG HOA

(MEAE2021)

[6]S. E.

Synchronous Motors in Wide Speed Range,”
IEEE Trans. Ind. Inform., vol. 16, no. 7, pp.
4747-4758, Jul. 2020, doi:
10.1109/TI11.2019.2944413.

[5] “System Identification: Theory for the User:
Ljung, Lennart: 9780136566953:
Amazon.com: Books.”
https://www.amazon.com/System-
Identification-Theory-User-
2nd/dp/0136566952 (accessed May 07,
2021).

Saarakkala and M. Hinkkanen,
“Identification of two-mass mechanical
systems using torque excitation: Design and
experimental evaluation,” in 2014

19

International Power Electronics Conference
(IPEC-Hiroshima 2014 - ECCE ASIA), May
2014, pp. 2489-2496, doi:
10.1109/IPEC.2014.6869939.

[7]S. E. Saarakkala and M. Hinkkanen, “State-

space speed control of two-mass mechanical
systems: Analytical tuning and experimental
evaluation,” in 2013 IEEE Energy Conversion
Congress and Exposition, Sep. 2013, pp. 3762-
3769, doi: 10.1109/ECCE.2013.6647199.

[8] A. Frei, A. Grgic, W. Heil, and A. Luzi, “Design Of

Pump Shaft Trains Having Variable-Speed
Electric Motors,” 1986, doi:
10.21423/R1VH7V.



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHi - PIEN - T PONG HOA

(MEAE2021) =

Panh gia mirc do tiét kiém vit liéu va hinh dang hop 1y & mot
sO chi tiet may chiu tai trong tinh

Pham Tuan Long!

1Khoa:Co - Dién, Trwdong: Pai hoc M6 - Dia chdt, Viét Nam, phamtuanlong @humg.edu.vn

THONG TIN BAI BAO TOM TAT

Qud trinh: , N A \ B
Nhan bai 15/6/2021 Muc dich .ngh71.en~cwu cua bai bacz tagv trung vao mo~t s6 Chl .tlet mdy c6 dgt)g
Chép nhan 17/8/2021 thanh chiu tdi tinh trong co khi nham dwa ra nhitng gidi phdp tinh todn,
Ping online 20/12/2021 nhitng phan tich, nhdn dinh vé hinh dang chiu luc hop ly dong thoi c6 thé
G tiét kiém to6i da vt liéu str dung dé gia cong chi tiét.

Vat liéu, tiét kiém, hinh
dang, co khi

© 2021 Trwong Pai hoc M6 - Pia chit. T4t ca cac quyén dwoc bao dam.

1.M¢& dau

Trong tat ca cac linh vuc hoat dong, san xuit
cta x3a hoi n6i chung va nganh co khi, ché tao may
ndi riéng, van dé tinh toan lam sao tiét kiém
nguyén vat liéu khi ché tao cac chi tiét, bo phan
may... ludn dwoc quan tAm hang dau.

Bai bdo nay tip trung vao mot khia canh rat
nho ctia van dé tiét kiém vat liéu khi dwa trén viéc
tinh todn d6 bén dé dé cip dén van deé tiét kiém
vat liéu va hinh dang hop ly cta chi tiét may dang
truc chiu tai trong tinh.

Ap dung cho mot sé chi tiét may dang truc cu
thé.
2.Noi dung cta bai bao
2.1. Tiét kiém vat liéu

Ta xét 2 tredng hop nhu sau:
Trwong hop 1:

Xét so' @6 hop gidm téc banh rang tru 1 cip
nhu hinh 1 (Nguyén Trong Hiép, 2002; Nguyén
Hiru Loc, 2000 )

Trén truc vao cua hdp giam tdc cé 1ap banh
rang va banh dai

20

Truc vao m

/
bong co \

Banh rang

\ Banh dai

Hinh 1. Sor d hdp gidm téc

Gia st truc ¢c6 D = 30 mm, a = 200 mm,
[c] = 200 Mpa. Tai trong tac dung lén truc c6 gia
tri: T = 60000 Nmm, Fr1 = 1000 N, Fr2 = 500 N,
Ft= 1200 N. Hay kiém tra bén cho truc

So d6 tinh cta truc thé hién nhw hinh 2 (Ping
Viét Cwong, Nguyén Nhit Thiang, Nhit Phwong
Mai, 2003)
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I v T & Hinh 4. Truc ¢ cdc dwong kinh khdc nhau
y F

Hinh 2. So db tinh ctia truc chiu uén va xodn

500N 1000N
I l 50000
®
| A B [

200 Nl 200 200

ol

B

N
600N

120000
600N

@

A B C

N
o N

200 | 200
1200N

60000
60000NmM A 60000NMM /" 60000
= = @ Nmm
w0 V) 200 | w )

Hinh 3. Cdc biéu dé mé men

200

+) Vi tri nguy hiém 12 tai mit cit Bva C

+)Tacd Mg = /M,% + M +T?

+) Tai mat cat B: Mx = 50000 Nmm; My =
120000 Nmm; T = 60000 Nmm

Mg = /M,%+M§+T2=

V500002 + 1200002 + 600002 =
143178,2 Nmm

+) Tai mit cat C: Mx = 200000 Nmm; My = 0
Nmm; T =60000 Nmm

Mg = /M,%+M§+T2=

V2000002 + 600002 = 208806,1 Nmm
+) Diéu kién bén cho cic mat cit: oy =

M ~ v “w o <
5 1t]‘;3 < [o]. Ta sé kiém tra bén cho mat cat
Omax = Zo3502 = 77,33 Mpa < 200 Mpa

Két luan: Truc dam bao do bén

Tlr két luan trén nhin thiy hoan toan cé thé
thiét ké ra 1 truc c6 dwong kinh nhé hon 30 mm
ma van dam bao bén

Néu truc da cho c¢6 dwong kinh D chwa biét, véi
cac tai trong tac dung 1én trén truc khong thay doi.
Theo diéu kién bén tai mat cat C:

208806,1 3 ,208806,1
Omax = 573 =200 >D= 01200

22 mm
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O trueong hop nay, mirc d6 tiét kiém vat lidu cé
thé xac dinh bang biéu thirc:

@)

Trong d6: F1, F2 - Dién tich mat cat 2 truc
(mm); y - mirc do tiét kiém vat liéu (%)

w="2""2 100(%)
Fy

_ w302

F, = 5
30%2-222 !
—.100 = 46.22%
Nhu viy: Néu thiét ké truc véi D = 22 mm sé
tiét kiém dwoc 46.22% vat liéu.

_ m22?

F, = ”

W:

Truwong hop 2

Xét tai mat cit nguy hiém ctia 1 truc chiu xodn
thuén tiy. M6 men T = 20000 Nmm, D = 20 mm,
[t] =100 Mpa.

<> 20000 Nmm

’cmax

y
20

Hinh 5. U'ng sudt trén mdt cdt truc

Trwdng hop ndy, trén mit cit ngang xuat hién
Urng sudt tiép phin bo nhw trén hinh 5. Cang xa
trong tAm mit cat, (rng suit cang lém. Do do, Gng
sudt tai cac diém trén chu vi mit cat cd gia tri 16m
nhat.

(Bui Trong Luu, Nguyén Vin Vwong, 2003)

U'ng sudt tiép 1én nhat trén mit cit

T

Tmax = 3, (2
p A
Trong d6: 7- Momen xoan (Nmm) , W, -
Moémen chéng u6n mm3
L — 20009 _ 125 Mpa < 100 dam

T = —=
max - w,  0,2.203
bao diéu kién bén.
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Tl sy phan bo &ng suit trén hinh 5 ta nhin
thdy cang xa trong tAm mat cit, (rng suit cang 16n
(vat liéu lam viéc cang nhiéu). Cang gan trong
tam, ing suit cang nho (vatliéu lam viéc cang it).

Vi mat cat thira bén, ta hoan toan c6 thé bé bot
phan vatliéu it 1am viéc bing cach khoét rong mit
catbang 1 vong tron dwong kinh d.

Lic ndy ta c6 mit cit c6 dang hinh tron rong
(hinh 6)

Hinh 6. Mdt cdt sau khi khoét réng

Cong thirc ki€ém tra bén lic nay:
=— T <100 thay D va T vio

0.2D%(1-(3)
cong thirc ta gidi ra dwgcd < 19,214y d = 19 mm.

Mirc do tiét kiém vat liéu: (Vi Dinh Lai, 2002)

Tm ax

192
.100(%) = 202 100 = 90,25%

F
Fy

Chi phi dé ché tao truc rong thwdmg cao nén
truc dic dwoc str dung pho bién hon

Tuy nhién trong trweong hop truc c6 yéu cau
khat khe vé mit khéi lwgng, c6 thé khoét rong dé
c6 dwoc mat cat ngang nhw hinh 6.

l//:

2.2.Hinh dang hop ly

Ta xét truc chiu uén mat cit tron dwong kinh
D nhw hinh 7

(Pang Viét Cwong, Nguyén Nhat Thiang, Nhir
Phuong Mai, 2003)
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)P
AT e C i 1o
“p \P
2 2
W
4

Hinh 7. Truc chiu uén

Tir diéu kién bén cia truc
I]:I/_J; = 4.OT’ID3 S [O-] (3)

Trong d6: My-Mdmen uén (Nmm), P-luc (N),
/- chiéu dai (mm) , W; - Mémen chdng uén
(mm3), D - Buwong kinh truc (mm), /o/- &ng suit
cho phép (MPa)

Omax =

Twr (3) Tacé:

3[ Pl
D> ’0’4.[0]

Tir d6 ta lay két qua tinh D & (4) ap dung cho
toan truc

(4)

Hinh 8. Hinh dang ctia truc voi D dd tinh

Truc c6 hinh dang nhw vay chwa hop ly

DPé&hop Iy hon ta tinh cmax mot mat cat batky
My _ Pz

Omax = W, _ 4.0,1D3 = [G]
3| Pz
—D; = 0,4.[0] )

Nhuw vy theo diéu kién bén ctia (rng suat phap,
hinh dang hop ly ctia truc nhw hinh 9

e ————_
P ~—<
- ~

-~ —
~a I
N ——————

Hinh 9. Hinh dang hop ly theo tinh todn

Theo diéu kién bén ctia (rng suat tiép:
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4Q
Tmax = = (6)
3 F

Trong dé: Q, = P/2-Luc cat(N), F- Dién tich
mat cit ngang hinh tron (mm2)

_4Qy 4P 4 —@—>D _ ’16P:
z 3n[o]

Tmax = 3% T332~ 2
Do

Nhw viy, dwong kinh nhé nhat cia truc phai
bing D,

P dai doan truc cé dwong kinh Do tinh tir 2
dau truc

Pz, _ 8P _ 16D, _ 16 [16P

0203 3aD2 20T T3m T 3m+l3mlo]

Nhuw vay, hinh dang truc sau khi tinh toan sé
nhw hinh 10

Zo

Hinh 10. Hinh dang truc tinh theo trng sudt tiép

DE& don gian cho viéc ché tao truc, nguoi ta co
thé ché tao truc bac nhw hinh 11

Hinh 11. Hinh dang truc pht hop
2.3. N§i dung va két qua dat dworc
Dua trén ly thuyét vé do bén cua chi tiét may
dwa ra nhitng trwong hop chwa thuc sy hop ly
trén phwong dién hinh dang va tiét kiém vat liéu.

23

Ly thuyét nay c6 thé ap dung cho mot s6 két
ciu thuec té.
3.Kétluin

e Bai bdo da dwa ra dwgc mot s6 trweong hop
d€ minh hoa cho viéc tiét kiém vat liéu va hinh
dang hop ly cua truc dwa trén diéu kién bén cta
chi tiét.

e Nguori hoc c6 thé tham khao dé hiéu shu hon
nhitng kién thirc lién quan vé tinh toan bén doi
v&i chi tiét chiu luc phitc tap va chiu xodn thuin
tay.

¢ Trong thoi gian té1, tac gia sé huwdng tdi viéc
nghién ctru kha nang tiét kiém vt liéu va hinh
dang hop ly cua truc dwa trén cac tiéu chi khac
nhw d6 cirng, d6 6n dinh...

Tai liéu tham khdo

Ding Viét Cwong, Nguyén Nhat Thing, Nhit
Phuwong Mai, (2003). Strc bén vat liéu, tip 1,
nha xudt ban Khoa hoc va Ky thuat, Ha Ngi, 30
trang.

Vii Dinh Lai, (2002). Strc bén vt liéu, nha xuit
bdn Giao thong van tdj, Ha Ngi, 20 trang.

Bui Trong Lwu, Nguyén Vin Vwong, (2003). Bai
tAp strc bén vat liéu, nha xudt ban Gido duc, Ha
noi, 10 trang

Nguyén Trong Hiép, (2002). Chi tiét may tap 1.
Nha xudt ban Gido duc, Ha Noi, 40 trang

Nguyén Hitu Loc, (2000). Co sé thiét ké may. Nha
xudt ban Gido duc, Ha Ngi, 25 trang.
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Cac phwong phap xtt 1y tin hiéu do lwong triede va sau bd bién

doi ADC

Nguyén Tién S§**, Kim Thi Cim Anh2, Ha Thi Chiic3

123 Khoa Co dién, Truong Dai hoc M6 - Pia chdt, Viét Nam, nguyentiensi@humg.edu.vn
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Qud trinh:

Nhén bai 15/6/2021
Chip nh4n 17/8/2021
bang online 20/12/2021

Ttr khéa:

Bién d6i twong tw sang sd,

bd loc Kalman, cdm bién,
loc nhieu

Trong do lwong, vdn dé I6m gap phai la xtr ly giam nhiéu, ndng cao dg chinh
xac tin hiéu do tir cdc loai cdm bién trudc khivao bé bién doi tirong tw sang
s6 ctia vi xit ly. Can nhiéu ddn téi sai s6 glwa gla tri do dwocva gla tri thuec.
Nghlen ctru trinh bay so sdnh, ddnh gid va dé xuatglal phap gidm nhiéu cho
tin hiéu dién dp tir cdm bién; dong thoi dwa ra mgt sé phwong phdp xw ly
tin hiéu sé sau khi bién d6i ADC. Két qud dwoc kiém chitng trén hé thong
duworc thiét k€ gdbm cdm bién dnh sdng va module dwoc nhiing thudt todn xw
ly tin higu da dé xudt, module c6 nhiém vu thu thdp va bién doi div liéu thu
dworc tir cdm bién dnh sdng sang dir liéu sé va hién thi. Phwong phdp xtr ly
tin hiéu duocd dp dung trong cdc thiét bi do ILro'ng, bé thu thap di liéu, quan
trdc thong s6 méi trwomg nhdm gidm nhiéu, ndng cao dé chinh xdc ctia thiét

bi.

© 202 Trwong Pai hoc M6 - Dia chat. T4t ca cic quyén dwoc bdo dam.

1. M¢& dau

Bo bién doi ADC hay b chuyén déi tin hiéu
twong tw sang tin hiéu s6 1a mét mach chuyén dai
gia tri dién 4p lién tuc (analog) sang gia tri chudi
nhi phan (digital) ma thiét bi ky thuét s6 c6 thé
hiéu dwoc sau d6 dwoc str dung dé xi ly, tinh
toan. Mach ADC c6 thé la vi mach nhw dong
ADCO08xx hodc dwoc nhiing vao vi diéu khién nhw
PIC, AVR, STM, TL. So d6 nguyén ly chung ctia bo
bién d6i ADC dwoc thé hién nhuw hinh 1.

Tin hiéu Analog thwong 1a tin hiéu dién 4p dau
ra tir cdm bién nhw cdm bién nhiét d6 PT100,
LM35; cdm bién anh sang; d6 4m; 4p suit,...
Nhuoc diém cla tin hiéu Analog 1a dé bi tic dong
bdi tin hiéu nhidéu nhw nhiéu nhiét, nhiéu dién tir
tir ngudn, nhiéu tir day tin hiéu song hanh,...

Tin hiéu do lwong cdm bién dwoc chuin hoi
bao gom cac buéc phd bién nhw sau (NI, 2016)

24

1/ Khuéch dai tin hiéu lam ting mc dién ap
pht hop véi khoang lam viéc cia bd ADC, dong
thoi lam tang do phan gidi va do nhay cia phép
do

2/ Suy hao lam gidm muc dién ap so voi
khoang cta bd ADC. Thwong gdp trong trudng
hop do dién 4p 16n hon 10V

3/ Loc triét tiéu tin hiéu nhiéu khong mong
mudn trong mot khodng tin s6 nhit dinh

4/ Cach ly khi tin hiéu dién 4p ndm ngoai
khoang s6 hoa c6 thé gay hai cho hé thdng do

5/ Tuyén tinh hoa khi tin hiéu dién ap ngo ra
tr cdm bién khong quan hé tuyén tinh véi dai
lwong vatly can do

Trong bao cao nay, tac gia tap trung vao gi¢i
thiéu mot s6 phwong phap xt ly gidm nhiéu véi
tin hiéu Analog (trwéc bo ADC) va xt ly so tin
hiéu (sau bo ADC)
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o]  Nhidu

3 ; 1111

=]

EM[> Mach ADC [> ol [0 lof lo
Thoi gian i

Tin hiéu twong tw

Hinh 1. So db b) bién déi ADC

Tinhiéu s6

2. Xtr Iy gidm nhiéu tin hiéu Analog

Trong do lwong, tin hiéu Analog cé cac dang
nhw 4-20mA, 0-20mA, 0-5V, 0-10V. Tuy theo rng
dung va thiét bi cong nghiép ma st dung loai tin
hiéu Analog twong tirng. Vi du cdm bién ap sudt,
nhiét do thuwong st dung tin hiéu dang 4-20mA
hoac 0-10V.

HART signal

N Tin hiéu Analog
Tin hiéu Analog + Nhiéu

/’\\w//'/\/

~a

Tin hiéu Nhiéu

Hinh 2. Tin hiéu 4-20mA khi bi nhiéu

Hinh 2 md ta tin hiéu Analog la tin hiéu dau
vao clia hé thdng do nén khi xay ra nhiéu; néu
khong xtr Iy kip thoi ¢ thé dan dén sw tac dong
khong chinh xac ctia co cAu chap hanh dau ra, gy
hiu qua nghiém trong vé nguwoi va thiét bi.

C6 rat nhiéu phwong phap dé xir ly tin hiéu
Analog. Trwomng hop tin hiéu Analog bi can nhiéu
nhe lam suy gidm tin hiéu vi du tir 4-20mA xudng
con 3.95mA-19.5mA thi c6 thé x ly tam thoi
bang phan mém.

bé chéng nhiéu cho tin hiéu Analog dung IC
khuéch dai thuat toan (Henri Sino, 2011). Hinh 3
la mach khuéch dai 13p lai (b6 dém) véi hé so
khuéch dai ctia mach bang 1 gitp git nguyén dic
tinh cda tin hiéu, déng thoi loi dung wu diém cta

25

Opamp cho d4u vao Vi, ¢é tré khang rat 1om, dong
tai tin hiéu nhd, tin hiéu it suy hao; dong thoi dau
ra tin hiéu c6 tré khang rat nhd, Vo gitt nguyén
déc tinh cta tin hiéu, trong khi céng sudt tin hiéu
tang 1én, khién suy hao nho.

+VEE
A Input B
Tr& khang cao F Tré khang thip
(High (Low
Impedance) Impedance)

v R S

Hinh 3. B dém cho tin hiéu Analog va hinh dnh
mach thuc té
VB = VA; Ku =1 (1)

Chdéng nhiéu nang cao cho tin hiéu Analog c6
thé str dung mach Analog Front-End (AFE) hay
mach xtx Iy tin hiéu nhé (tién x ly). Tin hiéu dwoc
dwa vao mach khuéch dai nhiéu tang véi hé so
khuéch dai bang tich hé s khuéch dai tirng ting,
sau d6 qua mach loc LPF, BPF, HPF dé loai cac tin
hiéu & ngoai dai mong muon (Anna Richelli,
2016).

(b)

Hinh 4. Mt s6 b cdch ly-loc nhiéu K109S (a) va
OMX333UNI (b)

Trong thuc t&, trwedmg hop tin hiéu bi nhiéu
qua nang, cach don giadn va kinh té la dung bo cach
ly chéng nhiéu, vi du nhw bd K109S cua Seneca
hodc b OMX333UNI cta hang Orbit Merret.

Puwong tin hiéu Analog trong thiét ké mach in
can dwoc thiét k&€ chéng nhiéu bang mot sd
phwong phap nhu:

1/ Phoi hop tré khang trén dwong truyén
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2/ Puong tin hiéu Analog ngén nhat c6 thé

3/ Tao cac via ndi GND doc theo dwong Analog

4/ Tao cac tAm chan dién tir

Nhuw vay, bang cac bién phap giam nhiéu tin
hiéu Analog da ké trén, tin hiéu twong tw dworc
loai bé nhiéu truéc khi vao bd bién déi ADC dé
thuc hién chuyén doi thanh tin hiéu so.
3. Xt¥ ly tin hiéu s6 sau bo bién d6i ADC

Gia tri sO tra vé sau khi bién d6i ADC phu thudc
vao d6 phan giai bd ADC. Vi du ADC 12-bit thi gia
tri doc vé ndm trong khoang tir 0 dén 4095. Gia tri
ADC sé c6 dinh khi dién ap tham chiéu (Vref) cia
bd ADC 12 6n dinh. Do vay truéc khi xtr Iy ADC, can
6n dinh ngudn Vref bang cach str dung cac IC 6n
ap tao dién ap chuin.

Cac phwong phap xt ly tin hiéu s6 dwoc dé
xuit bao gom phwong phdp trung binh binh
phwong, phwong phap loc Kalman.

3.1. Phwong phdp ldy trung binh cdc mau

b4y la phwong phap don gidn nhat dé€ 6n dinh
gia tri do dugc sau khi bién d6i ADC. Thuét toan
duorc trinh bay nhu sau:

Buéc 1: Thiét 1ap bién sum = 0;

Buéc 2: Thyc hién vong lap véi bién count
chay ttr 0 dén n (n 1a s6 vong lap, luy thira cta 2)

Buérc 3: Doc gia tri s6 sau khi bién d6i ADC va
tinh tong cac gia tri doc duoc

sum +=read_adc();
Buwdrc 4: Tinh trung binh két qua thu dwoc

sum/=n;

3.2. Phwong phdp trung binh binh phwong

bay la phwong phap tinh trung binh binh
phuwong cdc mAu sau qud trinh 14y mau theo cong
thirc (2). Phwong phap nay dac biét hiéu qua
trong tim gia tri rms (gia tri hiéu dung) cda tin
hiéu. Hinh 5 mé ta tin hiéu ADC véi tin s6 14y mau
100kHz, st dung 100 mau (n =100) dé tinh trung
binh binh phuong theo cong thirc (2)

Voms = ~J/Z(V2) = (TV)?

)
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Buérc 1: Thiét lap bién RMS, V1, V2;
Buwéc 2: Thuc hién vong 1ap véi bién count
chay ttr 0 dén n (n 1a s6 vong 1ap, luy thira cta 2)
Buérc 3: Doc gia tri s6 sau khi bién déi ADC va
tinh téng cac gia tri doc duoc
ADC =read_adc();
V1 =V1+ADC*ADC;
V2 =V2+ADG;
Bwdc 4: Tinh trung binh binh phwong
RMS = sqrt(V1/n-(V2/n)*(V2/n);
RMS = RMS*Vref/n;

| AR AT [y
Joxsol— .Aj ’,lv , Ml gigd 11 15| '\ﬁ,_,’. - ,v‘ J+ q‘ﬂ ‘,"j‘, ;'

ox7on -1

(a)

(b)
Hinh 5. Tin hiéu tir b6 bién d6i ADC (a) va sau khi
qua bd loc trung binh cdc méu (b)

3.3. Phwong phdp s dung bé loc Kalman

Phwong phap nay dwoc dé xuat nam 1960 béi
nha khoa hoc Kalman (Kalman va nnk, 1960). B6
loc Kalman la thudt todn wéc lwgng gia tri chwa
biét chinh xac hon so véi chi str dung mét phép
do duy nhat. Trong bio cdo, tac gia sit dung mo
hinh do cwdng d6 4nh sang quang tré LDR va két
néi véi bo ADC 12-bit ctia vi diéu khién ESP32 da
dwoc nhung thuit toan bo loc Kalman. So d6 khoi
két ndi cac thanh phin trong mo hinh dwoc thé
hién trong hinh 6. Khi cwdng dd anh sang thay
doi, quang tré cho gia tri dién ap thay déi tuyén
tinh. Gia tri dién ap dwoc dwa vao bd ADC cla
ESP32 dé14y mau va wéc lwgng gia tri ding bo loc
Kalman.
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Cam bién 4nh Bo6 ADC ctia vi
sang quang trd diéu khién
LDR

ESP32 .
_ K&t qua do thi

Hinh 6. So d6 khéi két ndi thiét bi

Cac phuwong trinh bd loc Kalman cé dang nhw
phwong trinh (3) (Greg Welch va nnk, 2001)

X = Ki- Zpe + (1 = Ki)- Kye—q 3)
Trong do:
X} 12 gia tri wéc lwong hién tai
K, 12 hé s6 Kalman
X_11a gia tri wéc lwong tai thoi diém trudc
Z, lagia tri do dwoc
k1a so lan 1ap
Do chénh léch gitra gia tri do dwoc va gia tri
thuc dwoc goi 1a sai s6 e. Khi gid tri mong muén
thay ddi can c6 sw thod hiép gitra toc d6 bam dudi
cua gia tri woc lwong véi gia tri thwe va do dao
dong caa gia tri woc lwong. Dir liéu sau khi dwoc
xtr ly bang bd loc Kalman sé& c6 d6 tré so véi dit
liéu chwa dwoc xtt ly. Tuy nhién véi tin s6 xung
nhip ctia ESP32 1én t&i 240MHz, thoi gian hoan
thanh moi 1an 14y mau tin hiéu dién 4p clia cam
bién quang tré chi khoang 5Sus (ESP32 Series
Datasheet)

Hinh 7. Tin hiéu tir by bién d6i ADC (mau xanh) va
sau khi qua bg loc Kalman (mau vang)

Ap dung thuat toan ctia bd loc Kalman cho két
qua tin hiéu s6 sau khi loc dworc thé hién nhw do
thi hinh 7. Tin hiéu sau loc nhiéu cé thé danh gia
13 kh& min va 6n dinh hon nhiéu so véi gia tri tho
sau bo bién do6i ADC. Tin hiéu nay tiép tuc dwoc
xtr ly dén khau hién thi hoic tc ddng dén co cu
chap hanh.
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Két luan

Bao cdo da phan tich cac giai phap xtr ly giam
nhiéu tin hiéu bao gom tin hiéu Analog tru¢c bo
ADC (tin hiéu Analog tir cic loai cdm bién) va giai
phép xr ly tin hiéu s6 sau bo ADC. Pay la cac giai
phap thuwong dwoc ap dung trong cac mach do
lwdng trong cdng nghiép.

Pong thoi bao cdo cling dwa ra mot mo hinh
do dién ap dau ra tlr cdm bién quang tré va wéc
lwong gia tri s6 twong ng st dung bo loc Kalman
don gian. Két qua tin hiéu dwoc xi 1y loc nhidu
kha min va c6 phwong sai nho.

Loi cdm on

Tac gia xin chan thanh cdm on cic can bo clia
bd mon Ky thuit dién - Pién tt, Khoa Co dién, Pai
hoc M6 - Pia chit da dong gbp vé mat chuyén

mon, ho tro vé trang thiét bi thi nghiém, gitp tac
gid hoan thién bao cao.
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thuat dién - Pién tir treong Pai hoc M6 - bia chat

Nguyén Trudng Giang!
1 Khoa Co — Dién, Triwong Pai hoc Mé - Dja chat

THONG TIN BAI BAO TOM TAT

gi‘l‘f ”{)’?’?'15 612021 Bai bdo trinh bay két qud nghién civu viéc xdy dwng bo do cong sudt irng
an bai 15/6/ dung cho cdc badi thi nghiémthwe hanh mach dién xoay chiéu. Noi dung

Chap nhan17/8/2021 chinh ctia bai bdo la xdy dung bo do céng sudt tmg dung cho cdc bai thi

bang online 20/12/2021 nghiém, thwc hanh theo doi két qud va cai ddt trwec tiép trén thiét bi. S6

Tt khéa: liéu do dworc hién thi va lwu triv theo thoi gian thwc trén thiét bi va cdc

B0 do céng suit; irng
dung theo dbi céng suit.

thiét bi khdc nhw smartphone, mdy tinh bdng, cé két ndi 4G, wifi. Cdc két
qud thuc nghiém do d6i véi cdc bai thi nghiém, thuc hanh mach dién xoay
chiéu cho két qud tét, chirng té khd ndng san sang thay thé cho cdc thiét
bi do c6ng sudt ci, hdng.

© 2021 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.

1.M¢& dau

Hién nay hau hét cac dong ho do cong suit tac
dung trong céc bai thi nghiém thwc hanh déu 1a
d6éng ho co, thoi gian dwoc trang bi da 1du nén nhu
cau cai tién va thay thé bing cac dong ho ky thuat
s6 véi tinh ndng vwot trdi va do chinh xac cao 1a
can thiét. Ap dung nhitng cong nghé tién tién, sir
dung cac module do cong suit chuyén dung két
hop véi bd vi xtr Iy ESP8266 tac gia da ché tao bo
dong h6 do cong suat, do dong dién va dién ap,
pht hop véi cac bai thi nghiém, thuc hanh do cac
thong s6 trong mach dién xoay chiéu.

2. Thiét bi phan cirng va két qua nghién ctiru
ché tao

2.1. Thiét bi phdn civng

2.1.1. Module vi diéu khién WeMos D1mini

Module WeMos D1 mini la board dwogc phat
trién dwa trén module ESP8266-12E va phat
trién theo tiéu chuin ctia board mach Arduino

29

Uno, twong thich véi chwong trinh Arduino IDE.
Module nay dwgrc tich hop WiFi nén dé dang thuc
hién cac rng dung thu thap dir liéu va diéu khién
thiét bi thong qua WiFi. Hinh 1 1a hinh anh va so
d6 chan, hinh 2 1a so d6 nguyén ly module
WeMosD1 mini.

[T
o ool
— <
< wro Fr=Tn
o g
—— S
(3 oroL
GPals

Hinh 1. Hinh dnh va so dd chdn module WeMosD1
mini
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Hinh 2. So o nguyén ly module WeMosD1 mini
2.1.2. Module do lwvong PZEM004T

Hinh 3 1a hinh anh va hinh 4 mo ta so’ d6 khoi
module PZEM004T.

Module c6 cac chirc nang sau:

Do cac thong so (dién ap, dong dién, cong suat
tac dung va nang lwong).

Bao dong qua tai, qua dién ap.

Giao tiép noi tiép (giao tiép TTL), str dung chirc
nang nay dé giao tiép véi cac thiét bi dau cudi
thong qua cac chan doc va thiét 1ap théng so.

Hinh 3. Hinh dnh module PZEM-004T

30

KHOI TIN »
HIEU
Q |Gnp
A KHOI ~
KHOIXU LY G].EO O
¥ 'AM TIEP
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Hinh 4. Sor d6 khéi module PZEM004T

2.1.3. Man hinh cdm tng (LCD TFT 2.4 SPI
ILI9341 TOUCH)

Man hinh LCD TFT cam &ng dién tré 2,4 inch
IL19341 giao tiép SPI. Hinh 5 va hinh 6 1a hinh dnh
va so d6 chdnman hinh cdm Gng LCD TFT
1L19341|

a) Mattrwéc; b) Matsau

Hinh 5. Hinh dnh man hinh cam tng LCD TFT
ILI9341



&k

2021

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHi - PIEN - T PONG HOA

(MEAE2021)

]

MAN HINH CAM UNG

)

(oswloas||Of
[Of
(Of

19@

balle)

LASTY

20A E@

ans||of

SI7L|[Of
NIO L
LNO L

108 |[Of
=~ dur

a/a|(of
(sowlas||Of

adg1n

N1 L|O|

TOUCH

Hinh 6. So' d6 chdn man hinh cdm tng LCD TFT
2.4 SPIILI9341 TOUCH

Dinh dang hién thi:
Cong suat: pham vi do 0+22kW

Trong khoang 0+1kW, dinh dang hién thi
000+999.9;

Trong khodng 1+22kW dinh dang hién thi
1.000 +22.00.
bién nang: khoang do 0+9999kWh

Trong khoang 0 + 10kWh, dinh dang hién thi
0.000 +9.999;

Trong khoang 10 + 100kWh, dinh dang hién
thi 10.00 + 99.99;

Trong khoang 100 + 1000kWh, dinh dang
hién thi 100.0 + 999.9;

Trong khoang 1000 + 9999kWh, dinh dang
hién thi 1000 + 9999.

bién ap: pham vi do : 80 + 260VAC
Pinh dang hién thi 12 110.0 +220.0
Dong dién: pham vi do: 0+ 100A
Dinh dang hién thi: 00.00 + 99.99
2.1.4. Module ngudn chuyén déi AC - DC

B do cong suét can str dung nguon AC cho cac
thiét bi can giam sat dwoc hoat dong dong thoi
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can nguén 5VDC cho cac module LCD, vi diéu
khién. Vi vay tac gia chi str dung 01 d4u vao nguon
AC va chuyén sang 5VDC théng qua module
nguén HLK-PMO1 cip cho cic module trong
mach. Hinh anh module nguén HLK-PM01 dwoc
mo ta trén hinh 7.

T .ol S

Hinh 7. Hinh dnh module ngudn HLK-PM01

2.2. Thiét ké, ché'tao b do cong sudt

2.2.1. Thiét ké sor Ao khoi

Sor d6 khdi cta thiét bi bao gdm cc khdi nhw
hinh 8.

_ | kno1 DO

™ DIEN

NANG
v UNG
DUNG
KHOIT KHOI TREN
KHOI »| XULY » MQTT »| DIEN
NGUON TRE]NG SERVER THp:‘;\]
TAM THONG
MINH

Y

»| KHOI

HIEN THI

Hinh 8. So b khdi ctia by do cong sudt

Chirc nang cac khéi:

Khoi nguon: ngubn dién xoay chiéu 220VAC
dwgc dung dé cip cho dau vao va ngudn xoay
chiéu trén module PZEM004T. Ngu6n 5VDC dwoc
chuyén d6i tir nguén xoay chiéu thong qua
module nguén HLK- PMO01 cé chirc niang cip
nguoén dé toan mach hoat déng.

Khéi do dién ndng st dung module
PZEMO004T.
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Khéi xt Iy trung tim: st dung module vi diéu
khién WeMos D1 mini két néi véi cac thiét bi
ngoai vi va giao tiép vai server thong qua WiFi. D€
do dit liéu thu thap dwoc tr module PZEM004T
thong qua &ng dung trén smartphone hodac may
tinh, tac gid st dung giao thitrc MQTT theo mo
hinh Publish/Subscribe.

Khéi hién thi: sit dung man hinh cdm ng LCD
TFT 2.4 SPI11LI9341dé dé dang theo ddi cAc thong
s6 dién do dwoc va cai dat cac tham s6 cho thiét bi

2.2.2. Két n6i chdn linh kién

Linh kién cac khoi dwoc két néi theo so d6 chan
hinh 9.

GND GND V-
s e

D8 |cs

RST RESET

D4 |p/c

D7 spl

D5 |sck

D3 LED

D6 SDO

D5 [T_cLk

DO T Cs

D7 [T_DIn

D6 T_DO

‘ IT 1R
o ] v
RX | |RX

5 iE

GND GND

V-

Hinh 9. So do két néi chdn linh kién
2.2.3. Phdin mém Idp trinh cho vi diéu khién

Téac gia da str dung phan mém Arduino IDE dé
xdy dung, bién dich va nap chwong trinh diéu
khién cho bo do cong suit
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Hinh 10. Giao dién Idp trinh va bién dich trén
Arduino IDE

3. Két qua dat dworc

T cac phan tich vé thiét ké, tac gia da ché tao
thanh cong b6 do cong sut, véi man hinh LCD
TFT mau 2.4 inch c6 cam tng va giao dién truc
quan. Ngoai ra, bd do cong suit cé trng dung hd
tro theo ddi trén smartphone va hd tro két néi véi
ng dung bén thir 3 nhw Home Assistant.

Céc chirc ndng chinh ctia by do cong suét:

Hién thi két qua do dién ap, tin s6, dong dién,
cOng sut, s§ dién hang ngay, hing thang, tdng s
dién da st dung.

Lwu két qua do (s6 dién) trén thiét bi, ké ca khi
mat két noi internet.

HO trg img dung hién thi trén smartphone .
Ho tro két ndi véi Home Assistant.
Cé giao thirc két néi MQTT.

Két qua do twong dwong véi cac thiét bi do
chuyén dung (da dwoc ki€ém dinh) trong phong
thi nghiém.
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Hinh 12. Hinh dnh ddu néi bé do cong sudt trong
bai thi nghiém mach dién va két qud do dwoc

4.Két luian

Trong bai bao tic gia da tong két lai qua trinh
nghién ctru, thiét ké va ché tao b6 do cong suat.

Dua trén cac phdn mém ma ngudn mé, tac gia
da tao ra giao dién riéng dé thwc hién viéc cai dat
va két noi thiét bi.

Cac két qua thue nghiém do doi véi cac bai thi
nghiém, thyc hanh mach dién xoay chiéu cho két
qua twong dwong véi thiét bi do chuin ctia phong
thi nghiém.

Tai liéu tham Khao

[1]http://allaboutcircuits.com/projects/breadbo
ard-and-program-an-esp-01-circuit-with-the-
arduino-ide/.

[2] http://arduino.cc/en/Main/Software
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Tac dong ctia mang 5G doi véi sw phat trién cha tw dong héa

va s6 hdoa cong nghiép

Tong Ngoc Anh 1.*

1 Khoa Co - Dién, Trwong Pai hoc M6 - Pia chdt, Viét Nam, tongngocanh@humg.edu.vn;

THONG TIN BAI BAO

TOM TAT

Qud trinh:

Nhén bai 17/6/2021
Chip nhin 18/8/2021
bang online 20/12/2021

Ttr khoa:

5G, mang di dong 5G,
Internet of Things (IoT),
Wifi 6, Internet cong
nghiép - Industrial

Nganh céng nghzep di dong dang phdt trién vwot bdc va da co nhu'ng buwéc
chudn bi trong 1 viéc trién khai mang di dong thé hé thit 5 (5G). Sw xudt hién
ctia mang 5G vdi cdc ddc tinh téc do nhanh, do tré thap, tinh tin cdy cao, thurc
sw nhw moét dong luc thic ddy ddng ké cho cdc nganh céng nghiép 1oT
(Internet of Things), tri tué nhan tao (Al - Artificial Intelligent), xe tw hanh,
thwc té do, blockchain va cdc ttng dung tw déng héa théng minh khdc. Sw ra
doi dy khong chi don gidn la mdt bwdc tién ctia mang di dong thé hé tiép
theo, ma né con mé ra mét chdn troi mai cho moi nganh céng nghé. Bai bdo
nay sé dwa ra cdc phdn tich, ddnh gid vé cdc thé hé mang di dong va nhdn
manh nhitng tdc dong quan trong ctia mang 5G tdi sw phdt trién cia tw dong

Internet of Things (I11oT)

héa théng minh va s6 héa trong cdc nganh céng nghiép.

© 2021 Trwong Dai hoc M6 - Dia chit. T4t ca cac quyén dwoc bao dam.

1. batvan dé

Sw phat trién cua cic thé hé mang di dong 1G,
2G, 3G, 4G da kéo theo nhitng buérc tién virot bac
trong cac nganh khoa hoc kj thudt néi chung,
cling nhw nganh céng nghiép noi riéng. Trung
binh khodng 10 nam k€ tir khi mang di dong thé
hé dau tién (1G - first generation) ra doi nam
1981, danh diu mot thé hé mang di dong mdi,
dwoc dit tén lan lwot 1a 1G, 2G, 3G, 4G va 5G
(Pathak 2013; Mishra 2018). Bai bao nay tap
trung phan tich cac dic diém ciia mang di dong 5G
va nhirng tac dong cia mang 5G 1én cac nganh:
[oT, cong nghé oto, cdng nghiép san xuit, y té
cham sdc strc khde, thanh phé thong minh va mét
s6 nganh khac.

2. Lich str phat trién cta cac thé hé mang di
dong

Néu nhw thé hé mang di dong dau tién (1G) chi
cho phép ngwoi dung trao déi théng tin dwédi

34

dang thoai (voice) trong pham vi nho, thi thé hé
mang di dong thit hai (2G) cho phép ching ta c6
thé két ndi toan ciu v&i nhau thong qua hinh thirc
thoai (voice) va nhin tin vin ban (text sms). 3G
cung cdp thém kha nang truyén tai dit liéu toc do
cao (high-speed data) tir mang truy nhap
Internet. 4G mang lai sw khac biét kha 16n vé toc
do truyén tai dir liéu nay, dong thoi bat ddu cung
cap cac nén tang tryc tuyén va dich vu Internet
téc do cho dai chung. Riéng mang 5G, dang dworc
biét dén nhw mot thé hé mang di dong manh mé
nhit, trang bi kha nang truyén nhan di liéu v
han (Pathak 2013; GSMA 2017; Mishra 2018).

To6c do dir liéu cta cic thé hé mang di dong
cling tirng buéc dwge nang cao. Mang di dong thé
hé thir 5, 1a bwdc tién tiép theo cia mang di dong
4G, dugc ky vong mang téi toc do tir 1 - 10 Gbps
cho nguwoi str dung dau cudi (Bhalla 2010; Mishra
2018).
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Hinh 1. Lich st¥ phat trién cdc thé hé mang di
dong

46
2011
100 Mbps

Gice, SMS, Internet
Mang di déng bing
rong

Hinh 2. Téc do div liéu cdc thé hé mang di dong
3. Cac dac tinh cia mang di dong 5G

3.1. Tiéu chudn mang

Mang 5G hién nay c6 2 tiéu chudn: mot la
dang mang lién két NSA (Non-standalone).
Dang nay dwa c6 ciu tric nén tang van dua trén
nén tang cia mang di dong 4G. Hai 12 mang
dang doc lap SA (Standalone). Ddi véi dang SA,
mang 16i ldc nay da dwoc thay do6i hoan toan,
dwoc trang bi cac cong nghé phan chia hoach
dinh mang va ma hoéa séng mang con. Kién truc
mang 5G theo chuln SA dwoc téi wu hoa vé gia
thanh ma van cai thién dwoc chit lwgng st
dung dich vu (Cero etal. 2017; Saha etal
2016).

3.2. Ky thudt trdi ph6

Mang 5G st dung cong nghé mmWave cho
cac dai tan so cao (trén 17GHz), va st dung cac
s6ng mang cho cac phd tin hiéu 3 - 6 GHz (sub-
6), bang tan duwdi 1GHz (300-800 MHz) va dai
tan clia mang 4G. O Viét Nam, hién dang nghién
ciru st dung dai duwdi 6GHz (Sub-6), ap dung

oice, SMS, Internet, Cloud,

g biing réng téc o cao
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cho dai tin tir 3.6 - 4 GHz, dai nay cho phép
mang 5G phd séng dwoc khodng cich tim
trung. Trong cdng nghé mmWave, nguwoi ta tap
trung st dung nhiéu cac tram té bao c6 kich
thwédc nhoé (small cells), thay vi viéc st dung
song hanh tram phéat c6 céng suit 1é6n va small
cells nhw mang 4G. Vi tri dat small cells sé dwoc
thiét k& d€ 1ap trén cac cdt dén hoic cac toanha,
khi d6, séng mmWave cé thé dé dang truyén ma
it chiu sw dnh hwdng cta thoi tiét hodc cac
chwdng ngai vat vat ly (Liu and Jiang 2016; De
Matos and Gondim 2016; Hossain 2013).
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Hinh 3. Phé tin s6 stv dung trong mang 5G
(Robert Triggs, Online)

3.3. Ky thudt dinh tuyén (Beamforming)

Ky thuat beamforming trong mang 5G cho
phép cac bo dinh tuyén (router) truyén tin hiéu
téi cac thiét bi st dung nhanh hon, manh hon
v&i dd tin ciy cao hon so véi mang vo tuyén
thong thudng, cho phép khic phuc cac gi¢i han
vé cu ly truyén dan khi str dung ph6 dang séng
& tin s6 cao.

3.4. Ky thudt da dng ten (Massive MIMO)

Ky thuat Massive MIMO cho phép sir dung
nhiéu dng ten phat va nhiéu dng ten thu tai cing
mot thoi diém trén cing mét tram thu phat
song dé phuc vu nhiéu ngudi st dung. Ky thuit
nay sé tan dung triét dé€ hiéu ning st dung tan
s6 tai mét tram. Thong thwong, né dwoc két
hop cung ki thuat beamforming & trén.

Bén canh d6, mang di dong thé hé th& 5 cung
cap kha ning hod tro giao tiép giita may - may
dwoc cai thién, gidam mrc do tiéu thu cdng suat
va do tré thip hon so véi mang 4G. Mang 5G st
dung bidng tan siéu rong UWB (Ultra Wide
Band) vé&i do rong bing tAn cao hon ma van st
dung nang lwong tiéu thu thap hon. Bang thong
cia mang 5G c6 thé dat téi 4000 Mbps, nhanh
gip 100 lan so v&i mang di dong 4G ngay nay.
Mang 5G ciing c6 thé cung cp tdi hang tram ty

Frequency
(H2)
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cac két noi, giao ti€p may trong pham vi réng
v&i bang thong di ddong cuc cao. Ngoai ra, mang
di dong 5G c6 do tré cuc thip (1ms), tiét kiém
nang lwgng téi 90%, do tin ciy rat cao 99.9%,
tdc do truyén dir liéu 1én t&i 10 Gbps, cho phép
truyén dir liéu véi dung lwong 1én téi 10 Th
(Barreto etal. 2016; Hu 2016; Saha et al. 2016;
Ceroetal. 2017).

4. Nhitng tac dong cia mang 5G

Hién nay, cic nganh céng nghiép san xuat
dang tirng bwéc dwoc nang cao véi muc dich
tdng doanh thu bang cach thay d6i trong cac
qué trinh phuc vu khach hang, tang cung va cau,
canh tranh tryc tiép véi doi thu, gidm cac chi
phi sdn xuit bang cach ting nang suitlao dong,
gidm rui ro di cung v&i tang cwong an ninh, an
toan va bao mat. D€ thuc hién diéu dé, cac
nganh cong nghiép nay phai tién téi cac quy
trinh vé s6 hda véi cac yéu ciu nhw sau
(Erlcsson 2017):
Hé thong diy chuyén san xuat phai dwoc
trang bi kha nang két n6i tirc thoi, linh hoat,
siéu dang tin ciy cho hang triéu thiét bi

- Gia thanh thiét bi phai ré, c6 thoi lwong pin
kéo dai

- C6 kha nang theo ddi, vdan hanh, bao duwéng
toan trinh qua trinh san xut tir xa

- C6 thé st dung thuc té do/ thuc té tang
cuong

- Dicbiét, c6 thé st dung tri tué nhin tao dé
tang cwong trong nhiéu qua trinh, thAm chi
la ca doanh nghiép

Nhitng dac trung ctia mang 5G sé la cong
nghé chinh dé€ s6 héa cac nganh céng nghiép béi
n6 c6 kha ndng cung cip bang théng rong téc do
cao, dang tin cdy cling nhw dam bao vé tinh bao
mat. Bén canh dé, mang 5G sé cung cip nén tang
dé thic day s6 hda va tw dong hda cla cong
nghiép 4.0 bao gobm:

- Truyén thong bang rong: thich hop cho cac
nganh cong nghiép truyén thong va giai tri,

Internet

- Giao ti€ép may va may (Machine to Machine
- Massive I0T): thich hgp cho cac nganh
mua sam, ban 1é va san xuit

- Do tré thip, do tin cdy cao: thich hop cho
cac nganh san xuit xe tw hanh, y té va thanh
phd thong minh (smart cities).

4.1. Tac dong ciia mang 5G déi vei IOT
Khai niém vé I0T da dwgc ing dung tir nam

2015, v&i nén tang cau tric bao gbm: cic cam
bién khong diy (wireless sensors), hé thong
thu thap dit liéu (DAS - Data Acquisition
System), chuyén vung Internet (Internet
Gateway), Dich vu quan ly di liéu, trung tam dir
liéu va dién todn ddm may. Hé théng IOT ngay
nay dang dan phai d6i mat véi sw tang 1én cla
cac Nodes mang ciing nhw cac van dé bao mat.
Dboi véi mang 4G, vian dé truyén dir liéu dung
lwong thip c6 thé ap dung dwoc cho nhiéu
Nodes nhiéu cadm bién. Tuy nhién khi yéu ciu
cla nguwoi st dung ting 1én, doi hoi truyén hinh
anh va video, mang 4G sé dirng trwéc thir thach
khong hé nhd. Mang 5G sé giai quyét dwgc van
dé nay, mang 5G sé cung cap cac diéu kién cin
thiét va kha nang két n6i linh hoat cho céc thiét
bi dau cudi, bao gdbm toc d6 truy cip 16n, thong
lwong cao, dd tin cly tdt, dd tré thip, ... sé cai
thién hoan toan pham vi va &*rng dung cta IOT
ngay nay nhw thanh pho théng minh, camera an
ninh thong minh, bé diéu nhiét thong minh,
thiét bi nha bép thong minh ...

Environmental  People Tracking

« Application Energy |  Healthcare Retail Surveillance

Transportation  Supply Chain

Dataflow
Management /@* S DcviceModeling, |\ cement,
Gorvice Configuration, Security
|~ and Management
a Control
S i} ‘
Gateway and /4/ l WAN (GSM, Wi-Fi, Ethernet,
\ UMTS, LTE, LTE-A) Gateway Control
Network v
Sensors l l /Q/ \ l

Connectivity and
Network d

Sensor Network,
Sensors/Actuators, Tags
(RFID, Barcode)

Hinh 4. Kién triic phédn tdng trong 10T
(Opentechdinary, 2015)
Chinh vi vy, mang di dong thé hé mé&i nay
chic chan c6 thé dap trng dugc voi su ting 1én
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cla cic tram cam bién trong twong lai (Li et al.
2018), thong qua cac tiéu chi sau:

Téc dé dir liéu: 1a yéu t6 quan trong déi véi cac
hé thong truyén thong khong day, cu thé, mang
5G c6 thé hd tro tdc do dit liéu 1én nhat 1a 10
Gbps va nhé nhit 13 100 Mbps (5G Forum
2016).

Cac rng dung IOT lwu déng: hién nay, nhiéu
thiét bi IOT c¢6 sw chuyén dong twong doi gitra
may phat va may thu, nhirng yéu ciu nay dang
la vidn dé thach thirc déi véi mang 4G. Tuy
nhién, véi mang 5G, s6 lwgng tram di dong cé
kich thwérc nhé 16m sé& khdc phuc dwgc diéu nay.
Tré truyén ddn: mang 5G véi nhitng cai tién
dang ké vé cong nghé 16i theo chudn ALL IP, cho
phép dd tré giam téi mirc tdi thi€u (x4p xi 0)
(Saha et al. 2016; Hu 2016; Ford et al. 2017)
Mdt do6 két néi: s6 lwgng thué bao/ thiét bi truy
cap trong mot don vi dién tich la khéng gi¢i han
trong mang 5G (Amaral etal. 2016; NGMN
Alliance 2017).

b4 tin cdy trong mang 5G: danh gia ti 1é mat goi
khi thyc hién & 1&p vat ly. Trong mang 5G, do
tin cdy dat 99,999% (Ford etal. 2017;
Rappaport et al. 2014; Ge et al. 2016; Elayoubi
etal. 2016)

D§ chinh xdc vé vi tri: trong mang 5G, do chinh
xac khi thwc hién dinh vi theo tram phat song
dat mtrc nh6 hon 1m (Elayoubi et al. 2016)

b§ phti séng: mang 5G cung cip kha nang két
ndi moi ltic, moi noi ma van dam bao tdc do dir
liéu & mirc 1Gbps dwa theo nhu cdu cia ngudoi
st dung. Déi véi cac tram 10T, yéu cau vé mic
phu séng cia tram phai dat trén 99,999% va chi
c¢6 mang 5G méi c6 kha nang dap trng nay
(NGMN Alliance 2017)

Hiéu ndng st dung phd: dwoc dinh nghia la
théng lwong cua tit cd nguoi dung trén mét
tram phu s6ng hoac mot vung dia ly (cach khac
dwoc goi la: thong lwgng truy cdp mang trén
mot Hz bang thong), thong lwgng nay dwoc quy
chuin trong IEEE la 30bps/Hz cho dwong tai
xudng va 15bps/Hz cho dwong tai 1én (Liu and
Jiang 2016). Mang 5G cho phép tang théng
lwgng nay 1én téi 3 - 5 1an hiéu nang st dung
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phé (Liu and Jiang 2016; De Matos and Gondim
2016; Hossain 2013)

4.2. Tdc déng ciia mang 5G déi voi nganh
céng nghé 6to

Theo mot nghién cku nam 2017 cuda
Qualcomm, vao nam 2035, mang 5G s€& mang lai
téng san lwong kinh té hon 2,4 nghin ty USD
trong linh vuc 6 t6, bao gom ca chudi cung (rng
va khach hang ctia n6. Tac ddng kinh té 5G trong
linh vuc nay sé chiém khodng 20% tdng tac
dong kinh t€ 5G toan ciu vao nam 2035
(Condon 2017). Theo Dién dan Kinh t& Thé gidi,
qué trinh chuyén déi ky thuit s6 cia nganh
cong nghiép 6 t6 sé tao ra 67 ty do la gia tri
trong giai doan 2015-2025. Ngoai ra, sw
chuyén d6i nay sé tao ra 3,1 nghin ty dé la loi
ich xa hoi bao gom cai tién phwong tién tw hanh
va hé sinh thai doanh nghiép van tai trong cuing
thoi ky (Dién dan Kinh t& Thé gi¢i 2015). Cac
nha sdn xuit 6 to dang chay dua dé cai tién cong
nghé cung cdp nang lwong cho 6 to6 tw hanh
(Smart Cars). Smart Cars tiéu ton nhiéu bang
théng, yéu cau phan hoi nhanh hon tir mang va
két n6i mang lién tuc. 5G ho trg bang thong cao
hon va do tré thip hon, cho phép Smart Cars
hoat déng hiéu qua. Céng nghé 5G dong thoi
cling thu thap chinh cac dir liéu tir xe tw hanh.
Cong nghé nay giup lai xe théng minh an toan
hon va hiéu qua hon. Nhw vay, mang 5G sé gitp
kich hoat cac dich vu di xe tw hanh trong do6 thi
va hiu hét ngwoi st dung. Ngoai ra, mang 5G c6
thé cung cap nhiéu dich vu cho cic nha san xuat,
bao gom théng tin diéu hwéng, théng tin giao
thong, tinh phi dién t, cadnh bdo nguy hiém,
canh bao va cham, cap nhat thoi tiét va cac dich
vu an ninh mang dé gidm sat cac phwong tién
xam nhap.

4.3. Tac déng ctia mang 5G doi véi nganh
cong nghiép san xuit

Cac cOng ty san xudt trén khip thé gi¢i dang
chiu 4p lwc canh tranh gay gat do vong doi san
phdm va kinh doanh ngan hon. Ty suit loi
nhuin dang bi siét chdt hon bao gio hét. bé
canh tranh trén toan cau, cac cong ty san xuat
bat budc phai nang cao hiéu qua va gidm chi phi
théng qua cac cong nghé d6i méi quy trinh méi
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nhw robot, tw dong hoa nha kho, nha may théng
minh va tro giup diéu chinh linh hoat. Mang 5G
va [oT sé& dong nhitng vai tro quan trong trong
viéc nang cao va tao diéu kién cho nhirng tién
bd sdn xuit nay. 5G sé mang dén nhiéu co hoi
vé viéc thuc hién xay dwng mot nha may thong
minh, c6 thé tin dung cac cong nghé nhu tw
ddéng hoa, tri théng minh nhan tao va thuc té do
dé xt 1y sw c6. 5G 1a mot cong nghé quan trong
cho s6 hdéa nganh cong nghiép gitp tang cwong
truc ti€p két ndi, chit lwong, téc do, do tré va
bang thong. 5G c6 thé giup khic phuc cac van
dé kho khan, bao gom cac van dé lién quan dén
két ndi nhw khong di bang thong, toc do va c do
tré. 5G cling sé& cai thién kha ning két ndi cho
mot mang lwdi cdm bién 1én dé bao tri, dw doan
tinh trang hoat dong cho cdc may mdc, robot
trong nha may. Mang 5G sé cho phép tinh linh
hoat cao hon, chi phi thip hon va thoi gian thuc
hién ngan hon cho cac thay d6i va thay déi bé
tri mat bang nha may. Cac mang, dich vu va kha
nang két ndi 5G cb tiém nang chuyén ddi mo
hinh san xuat, kinh doanh va ban hang theo
nhirng cich c6 lgi cho san xuét.

4.4, Tac dong cia mang 5G d6i véi nganh y
té va cham sdc sirc khoe

Hién nay, dirng trueérc dai dich Covid-19 dang
gia ting, yéu ciu vé cham séc va diéu tri stc
khoe tir xa dang 1a van dé kha cip thiét khi ma
cac bac si, nhan vién y té€ gdp khé khan trong
viéc di chuyén t&i hién trwong. Cac dich vu va
mang 5G sé cung cip cac wu diém cda nén tang
y té€ di dong nhw tinh di dong va két ndi wu viét
dé bac sivay ta c6 thé theo doi bénh nhian moi
lic, moi noi. Cong nghé 5G dong thoi cho phép
bénh nhan st dung thiét bi cdm bién nho, gin
trén co thé dé€ truyén cac théng tin vé triéu
chirng bénh (néu c6) va tinh trang sirc khde cta
ho. Mang 5G vé&i téc dd nhanh hon va nhiéu
bang thong hon cé thé gitp cac bac si c6 quyén
truy cip vao thong tin ciia bénh nhin dé theo
doi va chin doan tir xa. Vi du nhw vao thang 4
ndm 2019, mot bac s phau thuit than kinh
Trung Qudc da phiu thuat thanh cong cho mot
bénh nhan mac bénh Parkinson bang cach diéu
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khién mot robot phiu thuat theo thoi gian thuc
thong qua mang 5G (China Daily 2019).

4.4, Tac dong ctia mang 5G d6i v&i smart
cities

Truyén tai dién dang la linh vuc dwoc ap
dung 10T, tai day, cac cong ty dién lwc co6 thé st
dung truyén tai dién thong minh dé ting hiéu
qua trong viéc giam sat, quan ly cling nhw chua
dong trong viéc bao tri va rng pho khi c6 suw co
dién, déng thoi, ngwoi st dung ciing c6 thé truc
tiép theo dai dién nang tiéu thu cda ho gia dinh
théng qua cac thiét bi di dong. Véi dic trung vé
bang thong, toc do dir liéu, tinh real-time, do tin
cdy, tinh bao mat, mang 5G thwc sw c6 vai tro
rat quan trong trong viéc dong gép vao sw phat
trién cta mot thanh phé thong minh tich hop
cébng nghé thong tin va truyén thong véi cac
linh vire nhw: tredng hoc, bénh vién, giao thong,
cung cap va truyén tai dién, quan ly chat thai,
thwc thi phap luit ciing nhw nhiéu linh vuc
khac.

Bén canh do, khong thé pht nhan rang mang
5G ciing c6 nhirng tic dong dang ké tdi cac
nganh khéc, trong dé c6 Viét Nam, theo chiéu
hwéng khong cé loi. Vi du nhw déi véi nganh
truyén hinh, do phé tin s sub-6 cia 5G ndm
cung dai tan v&i cac tram thu vé tinh bang tin
C, nén tin hiéu truyén hinh ngay nay dang bi can
nhiéu, dan dén tinh trang mit séng xay ra
thwong xuyén (hinh 5). Piéu nay sé khién cho
s6 lwong 1én thué bao cia cic khach hang
truyén thong bi gidm, anh hwéng truc tiép tdi
doanh thu ctia cac don vi kinh doanh dich vu
truyén hinh tra tién.
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1. M¢é dau
Hé thong canh 1a bé phin quan trong nhat
trong t6 may phat dién tuabin gié, n6 c6 nhiém vu
bién d6i nang lwgng ciia dong khi thanh co nang
trén truc quay dé quay may phat dién. Trong hé
thong canh, profile 1a mét thdng s6 hinh hoc quan
trong nhat trong viéc trao déi nang lwong cla
canh v&i dong chat khi. Trong qua trinh tinh toan
thiét ké canh banh tua bin clia dong co gié noi
riéng va ciia may canh dan néi chung viéc lwa chon
ding hodc thiét ké dwoc mot profile phit hop sé
gbp phin tao ra mot ro to gi6 cé hiéu suét cao.
Déi véi tua bin gi6 c6 cong sudt nho, thuong
chon mot profile cho ca chiéu dai canh nham don
gidn cho viéc xiu canh cling nhw ché tao bé mat
lam viéc ctia canh. P6i vdi cic tua bin gié cong suat
16m doc theo chiéu dai canh c6 thé 13 suw két tiép
nhiéu profile khac nhau d€ c6 co s& wu tién 1a ban
kinh 16m 1a noi wu tién kha nang tao mo men quay
tac dong 1én truc. O ban kinh nho wu tién cho do
bén canh. Mot khi canh nao dé thi profile canh tua
bin gié ¢ nhitng dac trung riéng thuwdong day hon
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profile cAnh may bay canh tua bin cling nhw cac
thiét bi may canh khac.

Mot yéu cau quan trong nita cia profile canh
la lam sao trén mot don vi chiéu dai canh lwgng
ton that nang lwgng 12 nho nhat c6 thé. Nhin chung
canh tua bin gi6 c6 d6 vong khong 16m 1dm hay noi
canh khac nho hon rat nhiéu so véi canh tua bin
hoi. Canh tua bin gi6 cling c6 yéu cau 12 it thay doi
tdm ap va c6 mo6 men xoay canh nho, doi khi cac
canh c6 bé tri & phan ban kinh nho céc profile c6
bung hoi vong ra phia ngoai.

Ngoai théng so profile cnh thi cic thong s6 hé
sO A, s6 canh Z, goc tin a va profile sé anh huong
dén hé s6 Cp.

2. Xac dinh sy anh hwéng cia cac thong s6 hai
tiang canh dén hé sd cong suat C,

2.1. Cong thirc hé sé cong sudt Cp

Xét tua bin c6 canh quay véi van téc goc Q va
van toc dong khi la Uco , ¢ Z canh, ban kinh R va
chiéu dai diy cung la c. Goc dat canh la B. Ca hai
thong s6 ¢ va § déu thay déi bién thién theo ban
kinh canh quat.
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Lurc tic dung Ién phén t6 canh phu thudc va hai
yéu td nay cé thé thay déi dwoc kich thwdc canh
va goc tAn nho sw xac dinh van téc twong doi véi
canh. Thanh phén vén téc chuyén déng doc theo

ban kinh ctia canh roto coi nhw la khéng dang ké.
Qr(1+a)

=

w

Leos ¢+ Dsin ¢
'

U (1) TN /L

L sin¢-D cos &

Hinh 1. Lwc va vdn toc twong doi

Ta c6 cong thirc tinh céng suit:

1 7.D?
P= ECP -p-T-VS-md Tt
Trong do: P - Cong sudt tuabinh gié (w); C, - Hé
sO cobng sudt; p - khéi lwong riéng khong khi
(kg/m3); D - Puong kinh canh tuabin (m); v - Van
t6c gi6 (m/s); N - Hiéu suit thily dong; nms- Hiéu
suit may phat;
Mat khac xét luc tiép tuyén Py va luc phap
tuyén Pr tac dung 1én canh trong hinh 2 ta cé:
A |

(1

Mit phing quay

Hinh 2. Lyc tdc dung Ién cdnh

Py = L.cos@ + D.sing (2)

(3)

Trong do6: Py- Luc tiép tuyén (N); Pr- Luc
phép tuyén (N); L - Lwc nidng (N); D - Luwc can (N);
@ - GOc to1i (do);

Xét lwc phan t6 dT va mo6 men phén t6 dM tac
dung 1én canh tuabin ta cé:

Pr = Lsing - D.conp
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dT =ZPydr 4)
dM = r.Z.Prdr (5)
Tw (5)tacod
dM=Z.r.(0,5.p.c.CL.VZsing = (6)
0,5.p.c.Cp.V2.cos@)dr
Céng suit clia tuabin :
P=M.Q 7
T (1) va (7) ta c6 cong thirc tinh Cp
8.M.Q2
Ce ®

p.r.D?V? g M

Trong do: dT - Luwc phan to phap tuyén (N);

dN - Lwc phan td tiép tuyén (N) ; Z - S6 canh tua

bin; C; - Hé s6 lwc ning; Cp- Hé s6 lwc can; ¢ - Chiéu

dai diy cung canh (m); V- Hiéu suit may phat; M -

M6 men tac dung lén canh tuabinh gié (N.m); 02 -
Van toc goc canh (rad/s);

2.2. Sw dnh hwéng cua ti téc ddu miit cdnh A dén hé
s6 cong sudt C,

Ty toc ddu mut canh thiét ké (A): A dwoc chon
phu thudc yéu cdu moment khéi dong cia may
cong tac. Néu tuabin gié phoi hop tai véi may phat
thi can phai chon A cao va néu phoi hop tai véi
bom piston c6 moment khéi dong cao thi A phai
thap. Hé s6 moment khéi déng clia rotor ting
nhanh v&i sw gidm A. Ngoai ra viéc chon hé s6 A
con phu thude vao vén tdc gié. O nwdce ta van tde
gi6 thap nén chon hé s6 A thip hon do mé men
khéi dong thap pht hop véi van toc gid, néu chon
A cao thi can phai van toc gi6 16m dé khoi dong nhw
vay khong pht hop véi van toc gié nuwéc ta.

2.3. Sw dnh hwdng ctia s6 canh Z dén hé s6 cong
sudt C,

S6 canh Z: khoéng c6 mét quy dinh chinh xac
nao dé tinh toan s canh Z. Théng thwong thi Z
giam khi A ting.Ta c6 thé chon s6 canh trén nhirng
co sé sau:

Khi Z ting, sy mat mat dau mut canh gidm va vi
vay Cp tang véi su tang cda Z. Tuy nhién, sy khac
biét nay chi 16n doi véi rotor 1 ting canh canh va
2 tAng canh, thi s6 canh thudongla 3 canh, con 16n
hon 3 canh thi cé thé bo qua.
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Néu Z nho thi cung canh sé 16m, vi viy so
Reynold cuc bd sé l1om. Gia tri cuc ti€u ctia Cp/Cy,
thap hon khi canh khi déng c6 s6 Reynold cao, va
vi vay Cp ciling cao hon. C6 nghia 1a Cp tang theo
sw tang cda cung canh.

Pé cho canh c6 thé chiu dwoc moment xoan va
moment udn va chong lai sw rung dong, khong 6n
dinh vé mat khi dong thi cung canh khéng nén qua
nho so véi chiéu dai canh.

Vi nhitng rotor quay chdm thwong c6 nhiéu
canh. Néu dung it cAnh thi cung canh sé 1&n va diéu
nay két hop véi khodng cach yéu cau gitra rotor va
cOt sé& dan dén moment lén clia lwc bén cda rotor
quanh tdm c6t. Diéu nay c6 thé gy nén tinh trang
khong 6n dinh cta hé théng an toan.

Da6i voi tuabin chong chéng kép tai Viét Nam
thi ta chon s6 canh cta hai tAing canh 1aZ = 3

2.4. Sw anh hwdéng cia dwong kinh D dén dén
hé s6 cong sudt C,

Dai véi tua bin gié chong chdng kép, do c6 hai
tAng canh cho nén van t6c canh sau ludn bi can va
suy yéu hon so v&i tAng canh truede, do vay dé cong
sudt théo cong thirc (1) thi dwdong kinh canh sau
thuong 1én hon canh truéc. Ap dung luat twong
tw, cong sudt cho hai tdng canh dwoc phan chia
nhuw sau:

P1=0,6.P

P2=0,4.P ®)

Trong d6: P1 - Cong sudt ting canh trwdc
tuabinh gié (w);P2 - Cong suit ting canh sau
tuabinh gi6 (w);

2.5. Sw anh hwdéng cua bién dang profile va
chiéu dai ddy cung canh dén dén hé s6 cong sudt
Go

Chon profile : viéc chon profile ta sit dung
profile NACA d€ nghién ctru dic tinh khi déng hoc
vi n6 ¢ rat nhiéu gia tri thuin lgi cua s6 Re, goc
tin, chiéu dai day cung, hé s6 lwc ning va lyc day,
ti 1€ trwot, hé s6 ap suét.
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Hinh 3. Profile cdnh

Vi profill NACA 4 s6: Pinh nghia véi 4 so tw
nhién

S6 thi nhét chi dd vong 16m nhit so véi 1/100
day cung

So thi hai chi d6 vong lém nhatso véi 1/10 day
cung

Hai s6 cudi chi d6 day 16m nhit tinh theo phin
tram day cung

(O day ta chon profill NACA 4412 dé nghién ctru
tinh toan cho canh tua bin do profile Naca 4412
tao luc nang t6t va co tam ap gan tam khi dong
dam bao d6 on dinh. Ta thyc hién chay mé
phong truong van téc V = 6 (m/s) va dua ra
dugc d6 thi thé hién su phu thudc cua cac thong
s6 profile canh cua hai ting canh nhu sau:

Naca 4412 V=6

1.2

Hinh 4. 6 thi sw phu thudc Cl vao gdc tdn ctia Naca
4412
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Naca 4412 V=6
0.06 ! ! 1

0.05

0.04

0.03

0.02

Hinh 5. Do thi sw phu thudc ctia Cd vao gdc tdn clia
Naca 4412

Naca 4412 V=6
34 " """""""

Hinh 6. DO thi sw phu thudc k = Cl / Cd vao géc tdn
cua Naca 4412

Khi d6 goc tin a = 40 . Pay la goc tin tdi wu
chiing ta can dat canh.

Khi géc tin o thay doi thi theo cong thic (2),
(3) cac thong s6 khac thay d6i dan dén cong thirc
(8) thay doi. Hé s6 Cp thay doi.

Naca 4412 V=6
L] e [

0 i ; | | j
601 002 005 004 005 008

Hinh 7. D06 thi sw phu thudc Cl va Cd vao goc tin
cuia Naca 4412

2.6. B théng s toi wu tuabin chong chéng kéo
phtt hop véi vdn téc gié tai Viét Nam.

Dwa vao nhitng phan tich trén ta chon cac
thong so trudre khi tinh todn 1a:

Chon ciu hinh tuabin gié truc ngang chong
chéng kép.

Vé cdu hinh ta chon Loai tuabin gi6 c6 canh
trwedc 1om hon canh sau ¢6 wu diém tin dung t6i da
cong suit canh c6 dwong kinh 16n. Nhung c6
nhwoc diém la cAnh sau nho hon sé nhan dworc rat
it cong suat (nho hon 8 Ian so véi cong sat canh
trudce ).

Loai tuabin gié c6 canh trwéc nhé hon canh sau
c6 wu diém véi cing moét cong suit thiét ké, loai
tuabin nay van dap g di cong suit va c6 s6 vong
quay 16m hon do dé may phat sé nho gon hon so
v&i loai tuabin ¢ canh trwde 16m hon canh sau rat
nhiéu.

S6 canh hai ting cAnh Z = 3.

Profill canh chon profile Naca 4412.

Goc tan profill a = 40.

Ti toc ddu muit canh A = 6.

Véan t6c gié thay dai tir 5-8 (m/s) phu hop véi
téc d6 gio tai Viét Nam

Tir d6 ta thu dworc cac két qua sau:
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Bdng 1. Két qud théng s6 cdnh trwoc.

V=5(m/s) V=6 (m/s)

A Cp n P Cp n P

3 0.0327 7.165605 | 827.2435 0.0327 8.598726 | 1429.477
4 0.1603 9.55414 4058.766 0.1603 11.46497 | 7013.548
5 0.2637 11.94268 | 6676.672 0.2637 14.33121 11537.29
6 0.4135 14.33121 | 10468.37 0.3418 17.19745 14954.4
7 0.2135 16.71975 | 5405.398 0.2135 20.06369 | 9340.527
8 0.2097 19.10828 | 5309.319 0.2097 22.92994 | 9174.504
9 0.2209 21.49682 5591.319 0.2209 25.79618 | 9661.799
10 0.1746 23.88535 | 4419.722 0.1746 28.66242 7637.279

V=7 (m/s) V=8 (m/s)

A Cp n P Cp n P

3 0.0327 10.03185 | 2269.956 0.0327 11.46497 | 3388.389
4 0.1603 13.3758 11137.25 0.1603 15.28662 16624.71
5 0.2637 16.71975 | 18320.79 0.2637 19.10828 | 27347.65
6 0.4135 20.06369 28725.2 0.4135 22.92994 | 42878.43
7 0.2135 23.40764 | 1483241 0.2135 26.75159 | 22140.51
8 0.2097 26.75159 | 14568.77 0.2097 30.57325 | 21746.97
9 0.2209 30.09554 | 15342.58 0.2209 34.3949 22902.04
10 0.1746 33.43949 | 12127.72 0.1746 38.21656 | 18103.18

Bang 2. Két qua thong s6 canh trudc.

V=5 (m/s) V=6 (m/s)

A Cp n P Cp n P

3 0.0048 7.165605 121.78 0.0048 8.598726 | 210.4359
4 0.0908 9.55414 2298.746 0.0908 11.46497 | 3972.233
5 0.2011 11.94268 | 5090.961 0.2011 14.33121 | 8797.181
6 0.2705 14.33121 | 6847.635 0.2705 17.19745 | 11832.71
7 0.4061 16.71975 | 10279.73 0.4061 20.06369 | 17763.38
8 0.1762 19.10828 | 4460.573 0.1762 22.92994 7707.87
9 0.1678 21.49682 | 4249.169 0.1678 25.79618 | 7342.565
10 0.1479 23.88535 3745.17 0.1479 28.66242 | 6471.653

V=7(m/s) V=8 (m/s)

A Cp n P Cp n P

3 0.0048 10.03185 | 334.1644 0.0048 11.46497 | 498.8111
4 0.0908 13.3758 6307.76 0.0908 15.28662 | 9415.665
5 0.2011 16.71975 13969.6 0.2011 19.10828 | 20852.58
6 0.2705 20.06369 | 18789.91 0.2705 22.92994 | 28047.91
7 0.4061 23.40764 | 28207.59 0.4061 26.75159 | 42105.79
8 0.1762 26.75159 | 12239.81 0.1762 30.57325 | 18270.51
9 0.1678 30.09554 | 11659.72 0.1678 34.3949 17404.6
10 0.1479 33.43949 | 10276.75 0.1479 38.21656 | 15340.21
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Tir d6 ta thu dwoc do thi dic tinh CP canh
treéc nhu sau:

Cp
0.6

0.91

0.41

0.31

0.21

0.14

0 1 2 3 4 5 8 7 8 9 10 M

Hinh 8. Bwdng ddc tinh Cp - A tdng cdnh
trwérc.
Do thi dic tinh CP canh sau nhw sau:

Cp
0.6

0.5

0.4

0.3

0.2

014

T T T T T T T T T T T .IJl

0 1 2 3 4 5 6 T 8 9 1w M

Hinh 9. Pwong ddc tinh Cp - A tkng véi tdng cdnh
sau.
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3.Kétluan

NoOi dung bai bao tac gia da tap trung di vao
viéc phéan tich cac thong s6 hai tAing canh nhu: s6
canh Z, dwdng kinh moi tAng canh, ti tdc ddu mut
canh A, bién dang profile canh ... t&i hé s6 cong
sudt Cp . Ttr d6, dwa ra mét bd thong sé toi wu cho
tuabin gi6 chong chéng kép phu hop véi van toc
gi6 thip tai Viét Nam.

Tai liéu tham khdo

Nghién ctru, thiét ké va ché tao bd phat dién
bang strc gi6 c6 cong suat tir 10 dén 30 KW
phu hop véi diéu kién Viét Nam, Dé tai
nghién ctru khoa hoc cip nha nwéc ma sé
KC.06.20.CN, GS.TSKH Nguyén Phung
Quang, nghiém thu 2007.

Tiém nang va phwong hwéng khai thac cac dang
niang lwong tai tao & VIET NAM, PGS.TS
Nguyén Xuan Cv, PGS.TS Lwu Dtrc Hai, Ts
Tran Thanh Lam, TS. Tran Vin Quy, B ké
hoach dau tw, 2009

Co s& nang lwong méi va nang lwong tai tao,
bang Pinh Thong, Lé Danh Lién, Nha xuit
ban khoa hoc kj thuat, Qui 11l nam 2008.

Aerodynamic optimization of a Small-Scalle
wind turbine blade for low windspeed
conditions, Nicoltte Arnalda Cencenlli, 2008.

Development of a New Generation of Design
Tools for Horizontal Axis Wind Turbines,
Vontisina S.G, NTUA, Final Raport J0O02-
CT92-0113, Athens, 1995.

Calculation of the Stationary blad load
aerodynamics in VIDYM, Jonhanson,
HJalmar, (IN Swedish) TG- raport nr98-15,
May 1998.
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Nghién ctru ap dung cong nghé voi phun khi - 16ng danh cho

dong co dot trong

Nguyén Son Tung 1, Nguyén Thanh Tu4n 2

1 Khoa Co - Dién, trwong Pai hoc M6 - Dia chdt, Email: nguyensontung@humg.edu.vn
2 Khoa Ddu khi, truwdng Dai hoc M6 - Pia chdt, Email: nguyenthanhtuan@humg.edu.vn

THONG TIN BAI BAO

TOM TAT

Qud trinh:

Nhan bai 17/6/2021
Chip nhin 18/8/2021
bang online 20/12/2021

Ttr khoa:

Voi phun nhién liéu, voi
phun khi - 16ng, phun
swong

Gidm thiéu tdc dong c6 hai ctia khi thdi dong co dét trong dén moi trudong
dang la vdn dé dwoc cdc nha khoa hoc, chinh phti quan tdm, nhdt la tai cac
khu do thi lon voi mdt d6 6 to, xe mdy tham gia giao théng ngay cang gia
tdng. Cho t&i ngdy nay, c6 rdt nhiéu gidi phdp dwoc nghién ctiu va dwa vao
ittng dung thwc té nham cdi thién chdt lwong dét chdy nhién liéu tdang cong
sudt cé ich cia ddng co, gidm ty 1é cdc hop chdt khi mono oxit (NO, CO)
trong khi thdi. Str dung voi phun khi - 16ng nhdm tao ra cdc hat bui swong
nhién liéu phdn tdn, hoa tron véi khdng khi bén trong bubng dot la mot gidi
phdp khéng nhitng ddm bdo dét chdy hoan toan lwong nhién liéu dworc dwa
vao budng dét ma con ndng cao tudi tho ctia voi phun. Bai bdo nay, nghién
cttu cong nghé st dung voi phun tao swong va wng dung voi phun nhién
liéu danh cho déng co dbt trong nhdm gidm thiéu cdc tdc déng cé hai cia
khi thdi déng co dén méi trudng va con nguwoi cling nhw tiét kiém nhién

liéu.

© 2021 Trwong Dai hoc M6 - Pia chit. T4t ca cac quyén dwoc bao dam.

1.M¢ dau

Nghién ctru phat trién hé théng phun nhién
liéu ctia dong co diesel nhdm nang cao chat lwong
lam viéc ctia dong co, tiét kiém nhién liéu va gidam
tac hai cua khi thai dong co téi moi treong dwoc
cac nha khoa hoc quan tdm nghién ctru, cac hang
san xuat 6 t6, san xuat dong co dét trong va phu
tung da dau tw kinh phi, thyc hién cac dy an nghién
clru nham cai thién hé théng phun nhién liéu. Hang
san xudt thiét bi va phu tung dong co dot trong
Denso (Nhit Ban) da nghién ctru phéat trién cac
mau voi phun cao 4p, hé thdng phun nhién liéu tich
ap (common-rail system) st dung bo diéu khién
dién t& ECU (Electronic Control Unit) nham nang
cao hiéu suitlam viéc ctia dong co, gidm lwong tiéu
thu nhién liéu (do cdp nhiéu hon hwong cin thiét)
tir d6 giam thiéu cac chit gdy 6 nhiém maéi treong
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trong khi thai nhw oxit nito (NOy), cac hat bui min
PM (mugi cac-bon). Vi tinh nang wu viét von co6 vé
cOng sudt, chi phi nhién liéu ré két hop vai viéc doi
mé&i cong nghé ning cao chit lwong lam viéc cla
dong co diesel, giam thiéu tac hai dén méi truomg
cua khi thai dap wng chinh sach bao vé méi truong
ngay cang duoc thit chat tai cac qudc gia, trong 50
nam téi dong co diesel van giit vai tro cha dao
trong linh vyc giao thong van tai, may cong trinh
cho t&i khi cac nghién ciru sir dung nguén nang
lwong thay thé hoan thién va dwa vao ap dung
trong thuc tién. Theo nghién ctru ctia Pham Vin
Viét, Cao Dtrc Thiép, (2019) cho biét ngay nay tai
Phap va Italy c6 dén 40% s6é phwong tién giao
thong str dung dong co diesel, hing san xuit xe 0 td
néi ti€ng BMW van duy tri va phat trién dong xe
dwgrc trang bi dong co diesel. Cac nghién ctru phat
trién hé thong phun nhién liéu tip trung noi bat
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nhuw giai phap nhu ting ap suit phun va vén téc cac
hat phan tan sau voi phun dé tang hiéu qua khuéch
tan, hoa trén nhién liéu dau (dang phun swong) véi
khéng khi bén trong budng dét, hé thong phun
nhién liéu tich ap, hé théng phun nhién liéu dién t&
(EFI), hé thdng phun nhién liéu dién t - thuy luc
(HEUD).

Pong co dét trong sit dung nhién liéu dau
diesel (mét sdn phdm cua khai thac diu md) 1am
viéc theo nguyén ly do Rudolf Diesel thiét ké vao
nam 1897. Khac véi dong co dot trong str dung
nhién liéu xang, déng co diesel khong c6 hé thong
danh Itra ma hén hop nhién liéu tw béc chdy do
nhiét do bén trong xy lanh tang cao bé&i qua trinh
nén khong khi. Cu6i ky nén, nhién liéu dwoc phun
toi vao budng dot, cac hat bui nhién liéu l1dng phun
toi hod hoi va hoa tron véi khong khi tao thanh hon
hop va tw bdc chay. Ap sudt phun nhién liéu yéu cau
rat cao d€ dat duwgc chum hat bui dau phan tan sau
voi phun. Theo Pham Van Viét, Cao Ptrc Thiép,
2019, ap suat phun cta hé théng phun nhién liéu
tich ap (common-rail) trén cac dong co diesel hién
dai c6 thé dat téi 1400 bar (xap xi 20 000 psi),
lwong nhién liéu dwoc phun vao budng dét duoc
dinh lwong chinh xac nho bd ECU dwa trén cac
thong s6 ap suat phun, d6 mé van tiét lwu cling nhw
thoi gian phun. Hé thong nay bao gom cac thiét bi
nhu bom cao ap (bom thuy luc thé tich), cic cdm
bién toc do truc khuyu, cdm bién ap sudt, voi phun
cao ap, van dién tir va hé thong diéu khién dién t
ECU. Do tinh toan dinh lwong chinh xac lwong
nhién liéu cin thiét véi cong suit tiéu thu ctia dong
co nén so voi phwong phap st dung voi phun
truyén théng phwong phéap nay da giam dwoc 40%
lwong CO, gidm 60% Ilwong bui PM (cdc
hydrocacbon chira chdy hoan todn) cé trong khi
thai.

Do lam viéc véi 4p suit cao, van téc chuyén
dong cia dong nhién liéu trong voi phun lén nén
cac voi phun nhanh chéng bi mon hdng, tai vi tri cac
dém lam kin ciing bi bién dang, mon héng dan t&i
giam kha nang lam kin. Khi kha nang lam kin khong
dwoc ddm bao thi ap suit lam viéc cta voi phun
giam, dudi sy nén ép cliia bom cao 4p mdt phan
nhién liéu sé ro ri sém hodc phun sét & dang nhé
giot, nhién liéu phun khong toi dan t&i chat lwong
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hoa tron nhién liéu véi khong khi giam. Nhw vay,
khong dap tng dwoc chat lwong chuin bi hon hop
nhién liéu. D& khic phuc vdn dé mon héng, kéo dai
tudi tho cua hé théng phun nhién liéu cling nhw
gidm chi phi sdn xuat cac thiét bi ctia hé théng, bai
bao nay trinh bay co sé& phwong phap st dung voi
phun kéthop khi - 16ng nham tao ra chium tia nhién
liéu phan tan dap &ng yéu ciu hoa trén chuin bi
hén hop nhién liéu véi ap suat phun yéu cau nhé
hon so v6i cac thiét ké hién nay.

2. Co sé ly thuyét

2.1. Hé théng phun nhién liéu ctia déng co diesel
hién dai

Hién nay, cac dong co diesel hién dai hau hét st
dung hé théng phun nhién liéu truc ti€p. Hinh 2
gidi thiéu so do ciu tao ctia hé théng phun nhién
liéu tich ap trén cac dong co diesel (Sean Bennett,
2010). D4u nhién liéu tir thung chira qua phin loc
thit cip téi bom chuyén dau, sau d6 nhién liéu
dwgc ddy qua phin loc tinh dé€ loai bo cac tap chit
14n trong nhién liéu trwdc khi vao bom cao 4p. Bom
cao ap nén va diy dau t&i binh tich 4p, cac kim phun
(voi phun) dwoc két ndi véi binh tich 4p bdi cac dng
xi phong. Tai binh tich ap nhién liéu luén dwoc duy
tri & mét mirc ap suat nhat dinh dwoc gidi han béi
van an toan. Bo diéu khién sé tinh toan va quyét
dinh thoi diém phun nhién liéu ciing nhw lwgng
nhién liéu dwgc phun vao buong dét. Nhién liéu
dwgc phun qua voi phun sau d6 bi xé nhé thanh
dang hat 16ng phan tan (droplets) va nhanh chéng
hod hoi hoa trén véi khéi khdng khi nén bén trong
budng dét. Voi phun cé sé 16 phun, dwong kinh 16
phun va ap suit phun phu thudc vao thiét ké cta
cic hang san xuat. Nhin chung, 4p suit phun cang
16m, dwong kinh 16 phun nhé thi nhién liéu cang
dwoc xé nhé, tdc dd bay hoi nhanh dé dang hoa tron
v&i khong khi.

Chit lwgng phun dwoc thé hién bang d6 phun
min ciia cac hat16ng nhién liéu phan tan (droplets)
va do phun déu. P6 phun min ctia chum tia phin
tan dwoc danh gia bang kich thudc dwong kinh
trung binh ds; (Pham Minh Tuan, 2008):
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n n,o Sw phan tan, xé nho va phan bé déu ctia nhién
Zvi 1 Z f liéu sau voi phun phu thudc vao sé 16 phun, dwong
d,=—==-1 kinh 16 phun, 4p suét phun, vin téc chuyén dong
ZF_ 3 zrz sau voi phun, strc cang mdt ngoai, dd0 nhét cla
1 1

i-1 i €))

Trong d6: V; - thé tich cac hat nhién liéu 16ng
phéan tan dwoc coi la hinh ciu, (m3), £- dién tich bé
mat cac hat l6ng nhién liéu phan tan (m2), r;- ban
kinh cac hat16ng nhién liéu hinh cdu (m), n-s6 hat
l6ng nhién liéu phan tan trong chum tia sau voi

phun.
1

A
1 - Cong hoi nhién liéu, 2 - Pau ndi day diéu khién,
3 - Van dién ttr, 4 - Cong cip nhién liéu, 5 - Van b,
6 - Van tiét luu, 7 - Puwong cip ap suat diéu khién,
8- Van ap suit, 9 - Van diéu khién pit tong voi phun
(plunger), 10 - Pwong cap nhién liéu téi voi phun,
11 - Kim phun
A - Trang thai dong kin B - Trang thai phun

Hinh 1 - Voi phun nhién liéu cong nghé dién tir -
thuy lwc EHI (Sean Bennett, 2010)
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nhién liéu va ma sat véi khong khi trong budng dét.
Tang khdi lwgng riéng (mat do) cia moi truong
khéng khi bén trong buéng dét lam ting qua trinh
ma sat va xé nhé nhién liéu. Ap suit cudi qua trinh
nén trong budng dot thong thwong chi dat tir 30 +
50 bar. Kich thwéc cac hat nhién liéu long phan tan
sau voi phun can dat dd min t&i dwong kinh 50 um,
thdm chi nhé hon. Théng s6 chinh cia mot s6 hé
thong phun nhién liéu va kiéu budng dét dwoc
trinh bay trong Bang 1 (Pham Minh Tuan, 2008).

2.2. Voi phun

2.2.1. Voi phun dp sudt

Phwong phap st dung voi phun cao ap la mot
phwong phép truyén thong dé tao ra cac hat bui
l16ng phan tan. Dong chat 16ng dwoc tang toc khi
chuyén déng qua tiét dién lwu thong hep cua voi
phun (/6 nhd), tai day niang lwong thé ning cia
dong nwéc dwoc chuyén thanh niang lwong dong
nang. Do dd, van tdc clia cac phan tir chat 16ng tang
1én. Sw ma sat gitra dong tia c6 vn toc 1én phia sau
voi phun véi khong khi xung quanh va strc cang
mat ngoai ctia chit 16ng la qua trinh hinh thanh sw
phan tan, xé nhoé dong tia tré thanh cac hat bui long
c6 kich thwdc nho. Cac hat bui 16ng phia sau voi
phun tao thanh chum tia hinh nén cé géc con
khoang 100 + 15¢. Kich thwéc cia hat bui 16ng cang
nho khi 4p suit phia triedc voi phun cang 1ém va tiét
dién voi phun nhd.

Ap sudt phun qua vdi phun:
pQ°
2C2.A
Trong d6: p - ap sudt phun, (Pa), p - khoi
lwong riéng cda chat long, (kg/m3), Q - lwu luwgng
dong chdy qua voi phun (m3/s), ¢, - hé s6 lvu
lwong, A - tiét dién lwu thong cta 16 voi phun (m2).

2.2.2. Voi phun khi I[6ng

p= )

Nam 1878, Rayleigh nghién ctru sy phan tan cia
chit 16ng khéng c6 d6 nhét qua voi phun ap suit &
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van t6c thip dwa trén co s& nghién ctru trudc dé
cda Plateau. Nam 1931, Weber tiép tuc nghién ctru
hién twong nay va mé rong sang déi twong chit
l16ng c6 tinh nhét. Nhitng nghién ctru nay da dat
nén moéng cho viéc nghién ctu, phat trién va trng
dung voi phun phan tan hay con goi 1a voi phun
swong (chat Iong la nuoc).

Voi phun két hop khi - long (twin-fluid
atomization) con dwoc goi la voi phun swong st
dung dong khi hd tro (air assisited atomization)
voi phun théi khi (air - blasted atomization) la do
stt dung dong khi & van téc cao phun két hop véi
dong tia ch4t 16ng sau voi phun thit cAp nham muc
dich ting ma sat gitra pha 10ng v&i pha khi dé tang
cwong sw xé nho va phan tan pha long. Sw két hop
ctia dong khi lam thic ddy qua trinh phan tan dong
l16ng thanh cac hat bui phan tan c¢é kich thwéc dat
t&i d0 min trong pham vi tir vai chuc mi-cro-met téi
vai tram mi-cro-met. Qua trinh két hop cua dong
khi va dong nwéc c6 thé dién ra bén trong voi phun
ho#c bén ngoai voi phun. Véi qua trinh dién ra bén
trong voi phun, dong chit 16ng phun qua voi phun
so cap va bi phan tan, xé nho so bé mot phan hodc
c6 dang mang moéng lién tuc véi ap suat da lém. Sau
dé6, dong 16ng phan tan tiép tuc ma sat manh liét véi
dong khi chuyén dong véi van téc 1én va bi xé nho
thanh cac hat min hon va hon hgp dong khi - 16ng
cung chuyén déng qua 16 voi phun thit cdp. V6i qua
trinh hoa tron phia sau voi phun, dong 1dng sau voi
phun so cip sé két hop véi dong khi bén ngoai voi
phun (Arthur H. Lefebvre va Vincent G. McDonell)

Bén canh thong s6 ap suit phun thi ty 1é gitra
dong khi va dong long la mot thong sé quan trong
quyét dinh chit lwong phén tan hat min phia sau
voi phun. Lwu lwgng thé tich va khéi lwgong riéng

50

cua dong khi dwoc xac dinh theo diéu kién ap suit
va nhiét do phong. Ty 1€ lwu lwong dong khi/long
dwgc xac dinh nhw sau (Felix Barreras va nnk,
2006):

]

m, _Q..p
m, Q.p

Trong dé: ALR - ty 1é lvu lwgng khi/long, m, -
lwu lwong khoi lwong dong khi, (kg/s), mi - luu
lwong khoi lwgng dong nueére, (kg/s), Qa - lwu lwgng
thé tich ciia dong khi, (m3/s), Q - Iwu lwong thé tich
cua dong nwéc, (m3/s), pa - khéi lwong riéng cia
chit khi, (kg/m3), pi - khéi lwgng riéng cia nuwéc,
(kg/m3).

Vén t6c yéu cdu cua dong chat long tai voi

phun so cap:

ALR = 3)

(4)

Trong dé: vi, - van toc dong chit 1dng tai miéng
ra cta voi phun, (m/s), Ap; - ap suat bom, (Pa), pi -
khdi nwéce riéng cda chat 1ong, (kg/m3), Q - luu
lwong dong chit 16ng, (m3/s), Ai - tiét dién luu
thong tai 16i vao voi phun, (m2).

A, = Q_ m.n.8.(D, —8)
Vio 5)

Trong dé: A — tiét dién luu thong tai 16i ra cua
voi phun, (m?), n — s lugng 16 phun, & — bé
day cua tia nuéc phun dang tru rong/dang
hinh chudng, (m), Do — duong kinh ngoai cua
chum tia nuéc try rong/hinh chudng, (m).
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1- (7ng hoi nhién liéu tir binh tich dp, 2 - Van dién tir, 3 - 6ng cdp nhién liéu cao dp, 4 - Voi phun nhién liéu
EHI, 5 - Cdm bién dp sudt nhién lidu, 6 - Binh tich dp, 7 - Van an todn, 8 - Ong xi phéng, 9 - Ong xd nhién
liéu thira tir bom, 10 - Van an toan, 11, 12, 16, 19 - Ohg dan, 13 - Van gidm dp, 14 - Bom nhién liéu, 15 -

Bom chuyén ddu, 17 - Thiing chira ddu, 18 - Loc so cdp, 20 - Cdm bién téc dg, 21 - Loc thir cdp, 22 - Bo
diéu khién ECU

Hinh 2 - Sor d6 hé thdng phun nhién liéu tich dp trén dong co diesel hién dai (Sean Bennett, 2010)

1 - Ong cdp chdt Iéng cao dp, 2 - Tiét dién phun hinh vanh khdn, 3 - Khoang hoa tron, 4 - Ong cdp dong khi,
5-Voi phun

Hinh 3 - Két cdu voi phun khi - I6ng danh cho hé thong phun nhién liéu (Pipatpong va nnk, 2011)
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Hinh 4 - Phd phdn b ty 1€ kich thuéc cdc hat bui Iong véi dwong kinh khdc nhau (Pipatpong va nnk, 2011)

Bdng 1. Théng s6 ky thudt hé thdng phun nhién liéu dong co diesel hién dai

STT Kiéu budng dot S616 phun | Puong kinh 16 phun (mm) Ap sudt phun (bar)
1 Budng chd),/ hoa khi thé 5.10 200=600
tich 1000 = 2000 (CR)
2 Budng chdy mang thé'tich 3+5 015+ 025 150+200
3 Budng chdy mang 12 150+ 180
4 Budng chdy ngdn cdch 1 80+150

3. Ap dung voi phun khi - 16ng cho hé théng
phun nhién liéu dong co’ d6t trong

Trong nghién ctru trng dung voi phun khi - 16ng
cho hé thong cip nhién liéu danh cho dong co day
phwong tién nghién ctu hang khong vii tru do
Gido sw Gianluca D’Errico, truwedng Pai hoc Anno,
Milan, Italia thwc hién cho thay véinhién liéu dung
cho dong co phwong tién hang khong, ty 1é khi -
nhién liéu véi phwong phdp air - blasted
atomization dé dat dwoc c& hat trung binh c6 ds.
=75 um la x4p xi 1:1, dé€ dat c& hat c6 dwong kinh
dsz = 50 pm la x4p xi 1:8. Két qua nghién ctru thir
nghiém véi chit 1ong 1a nwérc, voi phun cé dwong
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kinh 0,5 mm, vin t6c dong nwéc dat 40 m/s qua
voi phun thi cac hat nwéc phan tan phia sau voi
phun cé d6 min ds; = 50 pm.

Trong nghién cttu thwc nghiém do Pipatpong
Watanawanyoo va cac cong su vé viéc irng dung
voi phun khi - 16ng cho déng co dot trong. Trong
thyc nghiém, nhém nghién cttru da thyc hién cong
nghé chup dnh X-Quang dé xac dinh kich thwéc hat
min phan tan thu dwoc. Qua trinh thuc nghiém véi
dong khéng khi va nwére. Dong khi dwgc phun véi
ap suét trong pham vi 68,9 + 689 kPa (10 + 100
psi) twong trng véi lwu lwgng dong khitir 0,4 + 8,6
g/s, lwu lwong nuwdc 1,9 + 4,3 g/s. Voi ty 1€ lvu
lwgng khi-16ng ALT = 2,27 cho kich thwéc cac hat
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bui 16ng phan tan dat dwoc trong pham vi tir 7 +
200 um v&i phé phan bd dwoc thé hién trén hinh
4,

Nghién cru cia Geoffrey Cathcart va John
Tubb khi van dung voi phun khi 1éng - 16ng cho
dong co xang phun nhién liéu truc tiép ciing cho
thay hiéu qua tiét kiém nhién liéu dat t&i 8% so
vGi voi phun nhién liéu truyén thong (Geoffrey
Cathcart va John Tubb, 2002) va (Geoffrey
Cathcart va John Tubb, 2000).

4.Kétluan

Théng qua két qua nghién ctiu clia Gido sw
Gianluca D’Errico va nhém nghién cru cuia
Pipatpong cho thay kich thwéc yéu cau cac hat bui
swong min cia nhién liéu can phai dat téi khoang
50 pum 13 hoan toan cé thé dat dwoc khi st dung
voi phun khi - 16ng. Khi 4p dung voi phun khi -
16ng ap sudt phun nhién liéu dwoc xac dinh boi ap
sudt phun qua voi phun so cap (xdc dinh theo cong
thike 2) cong véi ap sudt cia khong khi bén trong
budng dot & cudi giai doan nén, xap xi 50 bar. Ap
suit phun qua voi phun so cip roi vao khoang tir
2 + 6,5 bar. Nhu vay, ap suit phun do bom cao ap
tao ra chi cin dat t&i 60 bar 1a c6 thé thuc hién
phun nhién liéu dat chit lwong tét. Viéc gidam ap
sudtlam viéc sé lam ting tudi tho ctia thiét bi bom
cao ap, voi phun va cic bd phan ctia hé théng cung
cip nhién liéu va gép phan giam chi phi san xuit.

Lwong nhién liéu phun hoan toan cé thé kiém
soat dé dang bé&i hé thdng diéu khién va voi phun
dién tr - thuy luc, lvu lwgng khi dwge tinh toan xac
dinh hop ly. Do d6, viéc thay d6i hé thong khi st
dung voi phun nhién liéu khi - 16ng chi cin stra d6i
cu truc phan dau voi phun.

Mic du cac két qua nghién ciru thuwc nghiém
ctia cac nhom nghién ctru trwdc doé ap dung véi
chat1éng 1a nwée. Tuy nhién, dwa trén cic két qua
nghién ctiru da cong bo nay két hop véi phan co sé
ly thuyét voi phun, cic cong thirc tinh todn xac
dinh ap suat phun, ty 1é Ivu lwong khi - 16ng la co
s& giip nhom tac gid xay dung mo hinh thuyc
nghiém trong cac nghién ctru ti€p theo.

Loi cdm on

Thay mat nhom tac gia, toi xin giti 1o cdm on
t&i Ban t6 chirc H6i nghi khoa hoc toan quoc vé Cor
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khi - Pién - Tw dong hoa MEAE 2021 va cac phan
bién da dong gép y kién gitip ching tbi hoan thién
bai bao nay. T6i xin gii 1o cdm on téi Trung tam
thw vién trueong Pai hoc Mé - Dia chat da hd tro
chiing t6i trong viéc tim kiém tai liéu tham khao.
Cam on sy gop y ctia cac dong nghiép cong tac
cung to6i tai khoa Co - Pién va khoa Dau khi trueong
Dai hoc M6 - Dia chit.
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Panh gia dung sai cong suat cla cac tim pin quang dién
thwong mai trong diéu kién van hanh thwc té

Ng6 Xuan Cuong »* P Nhw Y2 Nguyén Thi Hong?3

1 Khoa Ky thudt va Cong nghé - Pai hoc Hué, Viét Nam, email: ngoxuancuong@hueuni.edu.vn
2 Khoa Co dién, Dai hoc M6 - Pia chdt, Viét Nam, email donhuy.humg@gmail.com
3 Khoa Nhiét lanh -Xdy dung, Truong Cao dang Cong nghiép Hué, Viét Nam, email nthong@hueic.edu.vn

THONG TIN BAI BAO TOM TAT

glﬁq trl;r\l}.rn 6/2021 Cdc théng s6 ky thudt cia tdm pin quang dién thuwong dwgc nha sdn xudt
anbai 17/6/ dwa ra trong didu kién tiéu chudn va diéu kién nhiét do pin lam viéc dinh

Chap nhan 18/8/2021 ’ y S, L

1 . mukc, trong diéu kién vdn thanh thuec té cdc thdng s6 nay thay déi lién tuc phu
bang online 20/12/2021 thuéc vao yéu té thoi tiét nhw bikc xq, nhiét dé, thanh phdn phé cla birc xq,
goc tdi cua birc xa va cdc thong s6 khdc. Cdc tdm pin quang dién thu'o'ng mai
c6 cung coéng sudt dinh mirc nhu'ng co cdc gid tri dung sai cong sudt khdc
nhau, dung sai 16m la mot trong cdc nguyén nhdn dén dén viéc gidm dang ké
sdn Imrng dién cua cdc chudi pin quang dién. Bai bdo nay phan tich céng
sudt va sdn Ilro'ng ctia bon tdm pm quang dién thu'()'ng mai glong nhau loai
da tinh thé lam viéc dwéi cung cdc didu kién Idp ddt va thoi tiét, tir dé ddnh
gid dung sai cong sudt dudi diéu kién lam viéc thuc té clia chung Cdc két qud
thi nghlem dd chi ra rdng, san lwong dién sinh ra béi cdc tdm pin quang dién
giéng nhau logi da tinh thé dwoc nghién cttu ¢ sw chénh léch trung binh 1ém
nhdt vao khodng 6.1%, va dung sai cong sudt trung binh cao nhdt 7,686%..

Ttr khéa: pin quang dién,
dung sai cong sudt, da tinh
thé.

© 2020 Trwong Pai hoc M6 - Dia chat. Tt ca cac quyén dwoc bao dam.

1. Mé dau Cac hé thong quang dién ngay nay dwoc xay
dung theo cdu hinh song song noi tiép c6 dinh cac
tdm pin quang dién don. Do dwoc ciu hinh nhw
vay, nén dong dién va dién ap cua cac chudi hay
mang dwoc quyét dinh béi cic té bao quang dién
hiéu suit thip nhit.

Cho dén nay, vat liéu ban dan chi yéu dwoc st
dung trong cac tim pin quang dién 1a silicon, dac
biét 1a silicon don va da tinh thé. Trong loai tim
pin quang dién nay, cAc ma tran cua té bao dwoc
dong gbi dé hoat dong ngoai troi dang tin cly
trong hon 25 nam, chd y dén cac yéu t6 nhw do
cirng d€ chiu tai co hoc, bao vé khoi cac tdc nhan
thoi tiét va do am, bao vé khai tac déng, cach dién
cho sw an toan cda con nguoi. Cac 16p khac nhau
ma tAm pin dwoc tao thanh sau d6 dwoc xép chong
l1én nhau. Mot mat phang thdy tinh cudng luc
dwoc st dung dé tang do clirmg co hoc va bao vé,
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Trong nhitng ndm qua, sy phat trién khong
ngirng ca cic nha may dién tai tao trong hé thong
dién la do cac qua trinh ty do hda cia thi truong
dién Viét Nam va cac chinh sach ctia chinh phua
nham gidm phat thai khi carbon.

Trong tinh hinh d6, cac hé thong quang dién c6
co hoi phu hop nhit véi loi thé quan trong la
ching c6 thé tao ra ning lwgng dién rat gan voi
phu tai dién qua dé cé thé tranh dwoc ton that
truyén tai.

Hon nita, cic hé théng quang dién khong phat
ra khi thai 6 nhiém, khong rung déng va tinh mo
dun héa cia ching, ¢6 thé tuin theo hinh thai ctia
vi tri 1p dit va do d6 chiing gay ra tac dong moi
trwong thap hon so véi cac hé thdng nang lwong
tai tao khac.


mailto:ngoxuancuong@hueuni.edu.vn
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cac té bao quang dién dwoc ghép noi va duoc kep
bédi chit dong gbi (pho bién nhéit la keo EVA) va
mit sau cia tdm pin khong dwoc chiéu sang,
thuong dugc phi bdi mot tim nhwa composite
vGi tac dung can m va cic chit an mon khac.

Qua trinh san xuat tAm pin quang dién, nhw bt
ky quy trinh san xuit nao, bao gobm mét so giai
doan xac dinh sw thay doi khong thé tranh khoi
gira cac ddc tinh cda tirng tAm pin trong dau ra tir
toan bd quy trinh san xuat. Trén co s& nay, cic nha
san xuit tAm pin quang dién xac dinh dung sai
cong sut toi da cho tAm pin quang dién cua ho
phén phoi (thwong tir 3% dén 10%) [1], dung sai
nay xac dinh sy khdng dong nhit giira cac dac tinh
[ - V ctia cic tAm pin quang dién do ciing mét nha
san xuat san xuat, diéu ndy dan dén lam giam hiéu
sudt ctia hé thdng quang dién bao gom mot s6 tim
pin dwoc két néi noi tiép va song song.

Vién Fraunhofer vé Hé thdng Ning lwong Mat
troi ISE da thir nghiém 1.776 tAm pin PV dé dat
tiéu chudn IEC va khoang 20% tdm pin khéng dat
trong thir nghiém, va 8% bi 16i tir nha san xuit [2].
Hiéu trng khong phu hgp “MISMATCH” cho biét sy
sai léch vé dién gilra cac té bao quang dién cda
toan bd tAm pin. Nguyén nhin cia sw sai léch 1a do
cac yéu td bén trong hodc bén ngoai té bao don 1é
2,3].

Cac yéu t0 bén ngoai c6 thé ké dén 1a: chit ban
& phan trudce cla té bao; sw suy thoai ctia cac vat
liéu dwgc st dung dé bao boc té bao; viéc che bong
mot phan ctia mot té bao quang dién hoic sw che
bdong khong dé6ng déu cia mot nhom té bao quang
dién c6 thé do cac ddm may gy ra hodc do motlép
khoi. Diéu nay c6 thé giy ra sy gia nhiét ciia mét
phin nhd cua té bao quang dién (hién twong
hotspot) c6 thé dan dén v va chay tAm pin quang
dién.

Cac yéu t6 bén trong bao gobm: cac diac diém
bén ngoai khong dong nhat cda té bao, do sn xuit
khong doi xtirng, sw suy thodi cia 16p né té bao, cac
khuyét tit san xut, c6 thé pha v té bao. Tat ca
nhitng yéu t6 nay dan dén viéc gidm hiéu suit cia
tAm pin, c6 nghia 1a cong suit tao ra cia moét tim
pin nhé hon tong cong suit dugc tao ra cuia cac té
bao quang dién don 1é. Cac yéu t6 c6 thé xac dinh
bing mat thuwdng nhu: bong béng, vét nitt trong té
bao, &n mon cc diy ndi té bao, tach 16p mat sau
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cla tim pin mat troi, cic 6 bong mo mot phan va
mau sic khong dong nhat cta chit dong goi [4].

Viéc cai thién san xuit tAm pin c6 thé dat duoc
nho vao su lwa chon thich hop cta cac té bao, tuy
nhién c6 nghia 1a chi phi san xuit tim pin sé ting
1én. Vi ly do nay, d6i khi nén chip nhan mirc giam
cong sudt sinh ra tir bang cho dén thip hon 5%
cong suit co6 dworc tir tit ca cac té bao quang dién
giong nhau.

Bai bao [5] da danh gia hiéu suat cia hé théng
quang dién, dic biét cht y dén cac hiéu rng dung
sai, bai bao cho thiy ty 1é dung sai cong suit c6 thé
dang ké nhu thé nao, vé mat gidm cong suat dau
ra, khi hé thong quang dién hoat dong trong diéu
kién che bong mot phin.

Tl cac phan tich & trén, nghién ciru nay thiét
13p hé théng dién mat troi hoa lwdi ap mai thue
nghiém dé phan tich c6ng suit va san lwong clia
bén tdm pin quang dién thwong mai gidng nhau
loai da tinh thé lam viéc dwéi cung cac diéu kién
13p dit va thoi tiét, tir d6 danh gia dung sai cong
suit dudi diéu kién 1am viéc thuc té cia chung. Cac
két qua thuc nghiém cho phép dinh lwgng gia tri
cong suit va dung sai cong suit thuc té, qua do cho
thay tdm quan trong cia viéc lwa chon cac tdm pin
6 dung sai gidm va v&i muc dich cung cip cac chi
dan hitu ich cho cic nha thiét ké nha may quang
dién.

2. M6 hinh thwc nghiém
Bdng 1. Théng s6 ky thudt ctia tdm pin quang dién

SUN330-72P.
Théng s6 Gia tri
Cong suit dinh 330Wp
Dung sai cong 5%
suat
Pién ap tai Pmp 37.8V
Dong tai Pmp 8.73A
Pién ap h& mach 45.5V
Dong ngan mach 9.22A
Hiéu suit tAim 17.09%
pin
Loai té bao Da tinh thé
156.75x156.75mm
S6 diode bypass 3
Tdt cd gid tri dién dwogrc do tai diéu kién tiéu chudn
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DPE€ nghién cru danh gia dung sai cong suit cac
tAm pin quang dién dwéi diéu kién lam viéc thuc
té, nghién cru da dé xuat mo hinh hé théng dién
mat trod hoa lwdi ap mai véi cong suit 1,32kWp
gbm c6 4 tdm pin quang dién thwong mai loai da
tinh thé SUN330-72P, thong s6 ki thuét ctia ching
trinh bay bang 1, va mét vi bién tin hoa lwéi HY-
1200-Pro véi 4 cong vao MPPT, thong so trén
bang 2.

Bdng 2. Théng s6 ky thudt ctia vi bién tdn hoa ludi

HY-1200-Pro.
Thong s6 Gia tri
Hang Huayu
Loai HY-1200-Pro
S6 dau vao MPPT 4
Cong suit dau vao dwoc dé 4 x 210~400W
Xuat
Dién ap khéi dong 20V
bién ap DC dau vao cuc dai 60V
Dai dién ap MPPT 25~55V
Dai dién 4p DC hoat dong 20~60V
Dong dién ngan mach DC 13A
cwc dai
Dong dién dau vao cuc dai 4x104A
Cong suit dau ra dinh 1200W
Dong dién dau ra cuwc dai 4.34A
bién ap dinh mirc/pham vi 230Vac/
a.c.184~265V
Tén s6 dinh mrc/ phamvi | 50.0/47.5~51.5Hz
Hé s6 cong suat >0.95
Hiéu sudt bién tan dinh 96.5%
Hiéu suat MPPT tinh 99%
Tiéu thu dién vao budi dém <50mW

Vi viéc str dung vi bién tin hoa lwéi HY-1200-
Pro véi 4 cong vao MPPT ddc lap cho phép xac
dinh doc 1ap cong suit dau vao cta 4 tdm pin
quang dién két véino, qua dé cé thé xac dinh dwoc
dung sai cong suit cia ching.

Mo hinh hé thong dién mat trod hoa lwdi ap mai
dé xuat thé hién trén hinh 1, va dwoc lap dit trén
mai nha phong thi nghiém tai thanh phé Hué (vi
do6 16,5). Hé thong dién mat troi dwoc 1ap cd dinh
trén mot dan khung véi goc nghiéng 16,50 nam
theo hwéng bac nam, géc nghiéng nay dwoc chon
theo géc nghiéng t6i wu hang nam cho hé théng co
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dinh dwoc tim thiy 1a xap xi bang vi do cda vi tri
lap dat [6, 7).

Hé théng dwoc 1ap dit va di vao thi nghiém tir
28/12/2020, dién nang sinh ra tir hé thong dién
mat troi hoa lwéi 4p mai dwoc dua thang vao lwdi
dién théng qua déng ho dién tir 2 chiéu do dién luc
dia phwong cung cip, dé ghi nhan san lwong dién
phat 1én lwéi. Thém vao do6 san lwong dién do 4
tAdm pin quang dién sinh ra dwoc hé théng do
lwdng va luu tri tich hop s&n bén trong vi bién tin
hoa lwéi ghi nhin, va cic théng s6 dwoc lwu triv
trén nén tang dit liéu cia nha san xuit, cho phép
nguwoi st dung 1y thong tin vé xi ly. Tan sudt luu
dit liéu ctia phan mém k€ trén 1a 5-6 phit 1 Ian, va
chi c6 tin hiéu trong khoang thoi gian c¢6 anh sang
mat troi.

Hinh 1. Hé théng quang dién hoa luéi dp mdi.

3.Két qua va thao luan

Chuing t6i thu thap cac phép do tir ngay 1 thang
1 ndm 2021 dén ngay 31 thang 5 ndm 2021 (5
thang) va chon 01 ngay nang nghién cttu dién hinh
cu thé.

Trén hinh 2 dwa ra tong san lwong dién sinh ra
bé&i cac tAm pin quang dién va dwoc ky hiéu twong
wrngla: PV1, PV2, PV3, PV4. Cac két qua thi nghiém
da chi ra rang, san lwong dién sinh ra bé&i cac tAim
pin quang dién giong nhau loai da tinh thé dwgrc
nghién ctru c6 sw chénh 1éch trung binh 1é6n nhat
vao khodang 6.1%. Nhin thiy rd rang cac tim pin
quang dién PV1, PV2, PV4 c6 téng san lwgng sinh
ra gan trong dwong nhau khoang 190 kWh twong
dwong véi 3.81 gidr ndng/ngay. TAm PV3 1a tAm co
san lwgng sinh ra lén nhit 201.8 kWh twong
dwong v6i 4.05 gior ndng/ngdy. Tong san luong hé
thng dé xuit thu dwgc 1a 775.1 kWh, trong
truedng hop néu cic tAm pin quang dién dwgc mat
ndi tiép, thi dong dién sinh ra ctia chudi bang dong
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dién cta tAm pin thap nhét, c6 nghia 1a cong suit
sinh ra ctia chiing bang 4 1an cong suit sinh ra cta
tam pin quang dién thap nhit, dong nghia v&i hao
phi di 2.2% san lwong thu dworc.

Bdng 3. Cong sudt Ién nhdt (W) sinh ra béi tdm PV.

Thang PV1 PV2 PV3 PV4

1/2021 | 253.5 | 254.88 | 263.44 | 252.8
2/2021 | 293.56 | 300.3 | 315.95 | 303.93
3/2021 | 298.08 | 306.9 | 312.96 | 299.39
4/2021 | 278.05 | 277.2 289 269.8
5/2021 | 278.1 | 281.24 | 304 | 287.56

Tam PV2 c6 san lwong it nhat, ching ti chon
né lam cong suit co s& dé tinh toan. Trén bang 3
dwa ra cong suat 1&n nhit sinh ra béi cic tim PV,
két qua chi ra rang cong suit 16m nhét sinh ra lén
nhat vao thang 2 véi cong suit dinh 315.95W.

Dé tinh toan dung sai cong suit cho cac tim
pin, chiing téi lwa chon tAm pin c6 san lwgng dién
sinh thap nhit lam co s& va tinh toan theo cong
thirc sau:

DS = 100 (1
Pcs

trong do, DS la dung sai cong suat, %; P, Pcs la
céng suit trong cung 1 thoi diém cta tim pin
dwoc tinh va tAm pin co s& twong tng, W;

Tl cac két qua thu dwoc, dung sai cong suat thu
dwoc trinh bay trong bang 4, gia tri trung binh
dung sai cong suit tong thé 1a 3.818%, va gia tri
dung sai cong suit trung binh cao nhat1a 7.686%
déi véi tAm PV3.

Bdng 4. Dung sai céng sudt (%) ctia cdc tdm pin

quang dién.
Thang DSpys | DSpva | DSpv1
1/2021 8.537 | 2.346 | 0.272
2/2021 9.208 | 4.967 | 2.049
3/2021 7.872 | 2972 | 0981
4/2021 7.153 | 3.091 | 2.112
5/2021 6.163 | 1.148 | -0.664
Trung binh | 7.686 | 2.843 | 0.925
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PV3 PV4 PV1

Hinh 3. Sw phdn phéi dung sai cong sudt.

Sw phén phéi dung sai ctia cic tim pin quang
dién nghién ctru dwoc mé ta trén biéu d6 boxplot
cta chdng trén hinh 3. D€ c6 cai nhin cu thé vé
dung sai céng suit trong mot ngay cu thé, ching
toi Iwa chon 1 ngay nang dién hinh it miy khong
may trong cac thang dé kiém tra. Trén hinh 4a thé
hién cong suit sinh ra cda cac tim pin quang dién,
hinh 4b thé hién dung sai cdng suit cia ching
theo gid. RS rang rang dung sai cong sut16m nhit
thu dwoc khoang sang sém va chiéu mudn, khi
birc xa mat mat troi nho va goc téi ciia bire xa anh
sang lén bé mat cac tAm pin khéng dong diéu, diéu
nay lam anh hwéng hiéu suit va dién nang sinh ra
cla cac tm pin quang dién, tuy nhién trong so ctia
cia khoang thoi gian nay kha nhd, nén né it anh
huwdng l1én dung sai cong suit trung binh di tinh
toan.
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Hinh 4. a) Céng sudt ctia cdc tdm pin trong ngay
dién hinh; b) Dung sai c6ng sudt ctia cdc tdm pin.

4.Kétluan

15 17

Dung sai cong suit1én 1a mét trong cac nguyén
nhan din dén viéc gidm dang ké san lwong dién
clia cac chudi tAm pin quang dién. Bai bio nay
phén tich c6ng suit va san lwong cia bon tim pin
quang dién thwong mai giong nhau loai da tinh thé
1am viéc dwéi cling cac diéu kién 13p dat va thoi
tiét, tir d6 danh gia dung sai céng suat dwdi diéu
kién lam viéc thuec té ctia ching. Két qua thu dwoc
chi ra rang, chénh léch san lugng dién sinh ra l6n
nhit vao khodng 6.1%, cic tim pin quang dién
PV1,PV2, PV4 c6 tong san lwong sinh ra gn twong
dwong nhau khoang 190 kWh twong dwong véi
3.81 gi®r nang/ngay, tAim PV3 1a tAm c6 san lwong
sinh ra 1ém nhat 201.8 kWh twong dwong véi 4.05
gior nang/ngay.

Thém vao do, gia tri trung binh dung sai cong
sudt tong thé la 3.818%, va gia tri dung sai cong
suit trung binh cao nhat la 7.686% d6i véi tim
PV3 so v&i dung sai cong suit nha san xuat cung
cap 5%, rd rang rang co6 sw tang 1én ctia dung sai
cOng suit cua cac tim pin quang dién thwong mai
so véi thong s6 nha san xuit, diéu nay sé dan dén
anh hwdng cong suit clia cac tAm pin mic ndi tiép
hodc song song hay rong hon la cong suit cta ca
hé thong quang dién. Cac két qua ctia bai bao
khuyén cdo viéc lwa chon cac tim pin quang dién
c6 dung sai cong suit nhd, dé lam tang hiéu suit
tong thé cho ca hé théng quang dién.
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Chién lwoc thich rng cong nghiép dau khi trong xu hwéng
chuyén dich ndang lwong va dé xuat dinh hwéng phat trién
nganh diu khi viét nam

Nguyén Trung Khwong!

1) Ban Chién lwoc, Tdp doan Ddu khi Viét Nam, Viét Nam, Email: khuongnt@pvn.vn
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an bai 17/6/ khi thé gidi bao gém phdn tich hién trang, xu hwdéng tiéu thu dau mé, khi dét
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Dang online 20/12/2021 nghiép ddu khi trong béi cdnh chuyén dich ndng lwong. Bai bdo ciing phdn

Ttr khéa: tich hién trang, vi tri vai tro ctia Nganh ddu khi Viét Nam trong hé théng

Chuyén dich ning lwong,
Chién lwgc thich &ng cong
nghiép dau khi, Xu hwéng
tiéu thu dau khi, Vai tro
Tap doan DKVN.

ndng lwong qudc gia va trién vong phdt trién trong twong lai.

© 2021 Trwong Dai hoc M6 - Pia chit. T4t ca cac quyén dwoc bao dam.

1.M¢& dau

Qua trinh chuyén déi ndng lwong trong thé ky
21 nhdm huwéng té6i muc tiéu gidm phat thai
carbon dé giam thiéu bién doi khi hiu theo nhw
Thoa thuan chung Paris (COP21). Theo McGlade
va Ekins [1] wdc tinh rang khodng mot phan triv
lwong dau va mét phan hai triv lwong khi sé phai
gitr lai trong long d4t d€ han ché sy thay d6i nhiét
dé toan ciu vao cubi thé ky dén 2°C so véi thoi ky
tién cong nghiép. Khi cac Chinh phi theo duoi cac
sang kién ngdy cang tham vong nham gidm phat
thai khi nha kinh, gidm sy phu thudc vao nhién
liéu héa thach va da dang héa nén kinh té nang
lwgng, nganh cong nghiép dau khi thé gidi d6i mat
v6i thach thie dinh vi lai chién lwoc kinh doanh
cta minh trong bdi canh xu hwéng tiéu thu dau khi

1 Tdc gid lién hé, Email: khuongnt@pvn.vn

suy gidm trong khi nhu ciu nhién liéu sach, nang
lwong tai tao (NLTT) tang.

Bai bao nay khéng di sdu phan tich mé hinh
kinh doanh ndng lwgng cacbon thip, chién lwoc
thich &ng cu thé cia mot Tap doan dau khi bdi
thwc té hién nay cic xu hwdng dang trong qua
trinh hinh thanh phu thudc vao tirng loai hinh
cOng ty, tirng qudc gia, trng khu vuec trén thé gisi,
hién con qua sém dé danh gia chi tiét vé thanh
cong cia ho. Thay vao dé, Bai bao ti€p cin phuong
phép luin theo huéng tip trung tong hop, tom tit
cac nhom gidi phap chién lwgc thich g phu hop
vGi cong nghiép diu khi trong boi canh chuyén
dich nang lwong, trong dé trinh bay nhitng giai
phap gidm phat thai thudc “Pham vi 1”2 va “Pham
vi 2”3 trong cac hoat ddng dau khi truyén thong va
nhitng dinh huwéng phat trién doanh nghiép

2 “Pham vi 1” 1a Phat thai trwec tiép tir chinh hoat ddng ctia nganh cé6ng nghiép dau khi.
3 “Pham vi 2” 1a Phat thai gidn tiép phat sinh tir viéc str dung ning lwgng dwoc mua béi nganh cong

nghiép dau khi.
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cacbon thap dé dén dau xu hwéng tiém nang phat
trién nhién liéu cacbon thip cling nhw dién nang
trong twong lai. Pong thoi, Phan tich danh gia vai
tro ctia Tap doan Dau khi Viét Nam (Tap doan
DKVN) trong hé thong nang lwgng Qudc gia, ddnh
gia vé cac dinh hwéng chuyén dich cta tip doan
DKVN.
2. Xu hwéng tiéu thu dau khi va cac san pham
dau khi

Xu hudng tiéu thu ddu mé va khi dot tiy thudc
vao téc d6 d6i maéi cong nghé, tham vong cuia cac
chinh sach nang lwong, dong lwc thi truong, xu
hwéng xa hoi va nhiéu yéu t6 khac. Bai bdo dé cap
dén hai kich ban ctia Co quan nang lwong quéc té
(IEA) bao gom: Kich ban chinh sach dworc cong bo
STEPS (Stated Energy Policies Scenarios) va Kich
ban phat trién bén virng SDS (Sustainable
Development Scenario); trong dé Kich ban SDS
dwa ra mét 1§ trinh cho nganh nang lwong toan
cau thue hién dong thoi ba muc tiéu phat trién bén
vitng (Sustainable Development Goal - SDG) cta
Lién Hop Qudc lién quan dén nang lwgng nhw dat
dwoc tiép cin nang lwgng pho cap (SDG 7), giam

cac tac dong ctia 6 nhiém khong khi (SDG 3) va giai
quyét vin dé bién d6i khi hdu (SDG 13) - gitr nhiét
do ting dudi 1,8 ° C véi xac sudt 66% twong
dwong véi mirc 1,65° C véi xac suit 50% [2, 3].
biéu nay doi hdi nhitng thay doi nhanh chéng va
rong khip trén tit ca cic bd phan clta hé théng
nang lwong.
2.1.Xu hwéng tiéu thu ddu ma va khi dot
2.1.1. Xu huong tiéu thu diu mo

Theo du bao ctia IEA nam 2020 [4], trong Kich
ban STEPS, nén kinh té toan ciu quay tré lai mic
trudc Covid-19 vao nam 2021. Nhu cdu dau phuc
hoi tir mic gidm lich st vao nam 2020, vwot 1én
murc triedre khiing hodng vao nam 2023 va tiép tuc
xu hwong ting nhe. Tuy nhién, nhu ciu diu sé
thap hon 2 triéu thung dau quy ddi/ngay vao nam
2030 so v&i dw bdo nam 2019 trwde diy va dén
nam 2040 diu thd chiém khoang 27% tdng nhu
ciu NLSC. Déi v6i Kich ban SDS, dau tho sé dat
dinh trwéc ndm 2025 va dén nim 2040 dat
khoang 67 triéu thung dau quy déi/ngay chiém ty
trong 23% (Hinh 1).

Hinh 1. Xu huong tiéu thu diu thé thé gici
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Tuy nhién, nhu ciu tiéu thu du mé tai mdi khu
vue 1a khac nhau, Chau A - Thai Binh Dwong van
la noi tiéu thu ddu ma 1é6m nhat thé giGi chiém 42%
vao nam 2040 so véi 36% nam 2018 véi toc do
tang truedng trung binh 1,0%/nam, trong d6 dong
gop chii yéu tir sy ting trwdng cta An P
3.1%/nam. Ngworc lai, nhu ciu tiéu thu ddu mo tai
Chau Au va Bic My giam véi t6c do -1,6%/nam va
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-0,9%/nam, trong &ng. Vé co ciu tiéu thu ddu mo
theo linh virc, GTVT van 14 nganh tiéu thu ddu mé
chinh chiém ty trong 58% trong Kich ban STEPS
va 46% trong Kich ban SDS vao nam 2040. Mac du
vay, xu huwdng tiéu thu tirng phin nganh Giao
thong van tai c6 sy thay doi theo cac kich ban, cu
thé nhu:

- Vén tai hanh khach cho thiy nhirng thay déi
manh mé nhit cht yéu do sy phat trién cia xe
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dién. Doi véi phurong tién xe tai 1a mot trong
nhitng ngudn ting trwdng tiéu thu dau chinh
trong nhitng nam gin day, trong Kich ban STEPS
nhu ciu tiéu thu dau cho hoat dong van tai hang
héa duwong bo tiép tuc ting do nhu ciu van tai
hang héa toan ciu tang gan gap doi gittanam 2018
va 2040. Trong Kich ban SDS, d3 c6 nhitng nd luc
tang cwong dé gidm tiéu thu dau thé trong van tai
hang hoa thong qua cac cai tién mang tinh hé
théng trong hoat dong van chuyén hang héa va
hiu can, va chuyén sang st dung nhién liéu thay
thé c6 ham lwgng phat thai cacbon thip. Nhin
chung, nhu ciu tiéu thu dau tho trong hoat dong
van tai dwong bé dén nam 2040 chiém ty trong
42% trong Kich ban STEPS va 32% tai Kich ban
SDS.

- Trong linh vuc van tai hang hai va hang
khong xu hwéng tiéu thu dau thd tang trong ca hai
kich ban, dén ndm 2040 van chuyén hang hai va
hang khong chiém ty trong 15,3% trong Kich ban
STEPS va 13,3% trong SDS.

Linh vuc chirng kién sy ting trwdng nhu ciu
trong SDS 1a héa dau. Mic du ty 1é nhua téi ché
tang hon gap doi tir khoang 15% hién nay 1én 35%
vao nam 2040, nhung st dung dau lam nguyén
liéu cho hda dau van tang gan 3 triéu thung/ngay
vao nam 2040.

2.1.2. Xu huong tiéu thu khi dét

Nhu cau tiéu thu khi dét duwgc dw béo ting
trwdng nhanh nhat trong cac loai nhién liéu héa
thach. Viéc str dung khi dot ngay cang tang ciing
déng mat vai tro trong chién lwgc ctia cac quoc gia
nhdm cai thién chit lwgng khong khi. Theo dw bao
cda IEA nam 2020 [4], trong Kich ban STEPS, khi
d6t phuc hoi nhanh chéng sau sy sut gidm nhu ciu
vao nam 2020. Nhu cau phuc hoéi ting gan 3% vao
ndam 2021 va tiép tuc xu hwdng tang trung binh
1,6%/nam dén nam 2040. Tuy nhién, twong tw
nhw dau thd, du bdo nhu ciu san lwong khi dot
nam 2030 giam 2% so v&i dw bao nam 2019, dén
nam 2040 khi dot chiém khoang 25% téng nhu
ciu NLSC. Theo Kich ban SDS khi dét sé dat dinh
trweéc nam 2025 va dén ndm 2040 dat khoang
3.900 ty mét khai chiém ty trong 25%.

Chau A Thai Binh Dwong van 13 khu virc tiéu thu
khi dét va ting trwdng nhanh nhat véi ty 1é
4,5%/nam, trong d6 dong gop chu yéu tir sy tang
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truéng ctia Trung Qudc 1a 4,4%/nim va An d6 1a
5,5%/nam. Khu vic Chau Au va Bic My tiéu thu
khi d6t giam véi toc d6 -1,3%/nam va-0,1%/nam,
twong ng. Khéng giéng nhw cac loai nhién liéu
héa thach khac, khi dét tiép tuc xdm nhép vao hiu
hét cac nén kinh té tién tién. Tai Hoa Ky, lwong khi
dét doi dao véi gia ca phai chang da thic day ting
truedng nhu ciu khi dét. O Han Quéc, nhu ciu khi
dot tang 1én khi viéc str dung hat nhin va than
trong hon hop ning lwong giam.

Vé linh vuc tiéu thu khi dét, linh vuc cong
nghiép la khu vye ting trwdng chinh vé nhu ciu
khi tw nhién trong Kich ban STEPS, chiém ty trong
khoang 33% vao nam 2040, trong d6 nganh cong
nghiép héa chat 1a nganh déng gép 1én nhit, st
dung khi dot d€ lam nhién liéu cling nhw nguyén
liéu dé€ san xuit amoniac va metanol. Linh vuc
dién 1a nganh déng gép 16m thir hai vao viéc gia
tang nhu ciu khi dot trong giai doan dén nam
2040. Trong d6 dién khi mot mat déng vai tro bo
sung thay thé nhiét dién than bi han ché phattrién,
mat khac dién khi c6 vai tro cung cip sw linh hoat
dé tao diéu kién trién khai cadc nguon dién NLTT.
2.1.3. Hoat dong thurong mai khi dét [5]

Hoat déng thwong mai khi dét toan cdu mo
rong véi toc do trung binh hang nam 1a 2,3% trong
sudt qua trinh cda Kich ban STEPS, nhanh hon
nhiéu so véi toc do tang nhu ciu Nang lwong so
cap (NLSC) (1,6%/nam). V&i nhu cau nang lwong
tang nhanh chéng, Trung Qudc sém trd thanh
qudc gia nhap khau khi d6t 1ém nhit thé gidi va
nhip khiu rong ctia nwdc nay sé tiém can voi Lién
minh chau Au vao nim 2040. V&i nhu cau nhap
khau ngay cang ting & cac nén kinh t& chau A khac,
hon 60% thwong mai khi dot trén thé gi¢i da tim
dwoc diém dén Chau A. Nga va Trung Pong van la
cac nha xuat khau khi dét 1ém nhat thé gidi trong
suét giai doan dén nam 2040, nhung ty trong cla
ho trong xuit khiu toan ciu gidm din véi su gia
ting clia cac nuwdre xuit khiu maoi.

Tang truedng thwong mai khi dot chu yéu dén
tir LNG, ning thi phin cta né trong thwong mai
khi dét toan ciu tir 42% hién nay 1én gan 60% vao
nam 2040. Thwong mai LNG toan ciu ting hon
gap doi lén 760 ty mét khéi vao nam 2040, khién
cho thi treomg khi dét cé tinh toan ciu hoa va két
néi véi nhau hon. Trung Quéc la khu vire duy nhét
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cho thay su tang trwdng dang chid y trong thuwong
mai thong qua vin chuyén dwong dng, chu yéu
dén tir cac nwdre Nga va Trung A. Chau A 1a diém
dén chinh cho nhip khiu LNG gia ting. Trung
Qudc va An D6 chiém hon mét nira mirc ting
trwdng nhip khau LNG rong trong giai doan dén
nam 2040. Véi san lwong suy gidm & Malaysia,
Bangladesh va Pakistan, cic nwéc dang phat trién
khac & chau A ting dang ké lwong nhap khau clia
ho. Khu vuic Chau A Théai Binh Dwong chiém
khodng 80% lwong LNG nhap khiu toan ciu vao
nam 2040.

2.2 Xu hiréng tiéuthy cac sam phan dau khi [7,
8, 9]

Theo duw bao cta IEA cic san phdm xang diu
dwoc dy béo tiép tuc gitt vitng vi tri s6 1 trong co
ciu tiéu thu Nang lwong cudi cung (NLCC) trong
ca hai kich ban STEPS va SDS, méac du ty trong vao
nam 2040 giam con 36,2% va 29,7% twong ing,
so v&i mirc 40,7% hién nay.

Mic du vy, co ciu xu hwéng tiéu thu cic san
phim xang diu c6 sw khac biét1én, cu thé nhw sau:

- Nhu ciu do6i véi cac nguyén liéu cho héa dau
(etan, LPG va naphtha) tang nhanh trong ca hai
Kich ban, tinh chung thi phan cic sdn phdm phan
doan nhe tang tir dwdi 20% hién nay lén 23% vao
nam 2040 trong STEPS va gan 31% trong SDS.

- Ngwoc lai, nhu ciu nhién liéu van tai
(gasoline, FO, DO) noéi chung, dac biét 1a xang phai
d6i mat véi nhitng thach thire tir sy gia tang cia
xe dién, nhién liéu thay thé va cai thién hiéu suét.
Nhu ciu xang du bao dat dinh vao cuéi nhirng nim
2020 va giam ty trong xudng khoang 22% trong
STEPS va 17 % trong SDS vao nam 2040 so v&i
26% hién nay.

- Nhu cdu vé dau nhién liéu nang (FO/DO)
cling ghi nhin sy sut gidm, trong d6 dang chad y ké
tir nam 2020 khi quy dinh vé ham lwong lwu
huynh ctia IMO c¢6 hiéu lyc. Theo dw bao ctia OPEC
[10], dén nam 2040 nhu cau DO sé giam xudng
27,5% so v&i 29% hién nay; nhu ciu FO giam
xubng 6,7% so v&i 7,6% hién nay.

Sw khong phu hop gitra cdu hinh nha may loc
diu va nhu ciu san phidm nguyén liéu héa dau
tang cao lam tang dong lwc cho cac nha may loc
dAu tich hgp sdu hon véi cac hoat déng héa dau
cling nhw tao lan séng dau tw cac nha may loc dau
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méi dé dap &ng nhu cau nguyén liéu hoa dau
trong twong lai. Trong Kich ban STEPS dw bao sé
c6 khoang 13-15 triéu thung/ngay céng suit nha
may loc ddu m&i xuat hién tir nam 2018 dén 2040,
chti yéu & cac nén kinh té dang phat trién & Chau
A va Trung Pong.

V6i xu huéng do, thach thire doi véi cong
nghiép loc diu trong Kich ban SDS sé cang gia ting
dan dén nguy co cAc nha may loc dau sé phai d6ng
ctra hodc van hanh céng suat thip hon vao nam
2040 do tinh trang du thira c6ng suat dén 40%.

3. Chién lwgrc thich trng ciia cong nghiép dau khi
thé gidi

3.1. Gidi phéap thich ng trong hoat déng dau
khi cot 107 [7]

3.1.1. Chién lwoc wu tién phat trién khai thic cic
mo dau khi

Trong xu hwdng chuyén dich nang lwong, khi
ca nhu cau diu va khi dét sém dat dinh trong SDS
tuy nhién ca hai nhién liéu van tiép tuc déng vai
tro chinh trong hon hop niang luwgng toan ciu
trong nhiéu thap Ky t&i. Trong khi trir lwong dau
mo va khi d6t vAn con dang ké, vi vay cac cong ty
dau khi phai lwa chon chién lwgc wu tién phat trién
khai thac cdc mo, cu thé nhw sau:

- Qu tién cac m chi phi thip hon. Biéu nay cho
th4y rang nhirng céng ty nam gilr tai nguyén cac
mo c6 tri lwong 1én tai Trung Péng va Nga, va cac
cOng ty co6 thé kiém soat chit ché chi phi khai thac
0 thé chiém thi phan 16n hon trén thi treong.

- Uu tién phat trién cdc mo khi, ddu nhe hon
dau, mic du loi nhuin cta viéc khai thac khi
thwong thap hon dau. Diéu nay moét phan la do
nhu cu tang trwdng 1on hon doi véi khi dot va
nguyén liéu cho hoa dau trong cac Kich ban trong
chuyén dich nang lwong toan ciu.

- Qu tién phat trién cic dw &n/mo hién co, tim
kiém tin tham do, tin khai thac va tin dung ha
tang san c6 dé phat trién cac mo vé tinh 1an cn.

- Du tién cic dw an méi c6 thoi gian hoan vén
ngan hon. Pau tw d4 phién roi vao loai nay va cac
mo dau khi truyén théng trir lwong 1én (trén bo
va ngoai khoi) cé thé dwoc tach thanh nhiéu giai
doan riéng biét dé phat trién khai thac sém.

3.1.2. Gidm thiéu dét bo khi tw nhién/khi dong
hanh
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Rat nhiéu trong cic mo/giéng khai thac dau
déu c6 chira ham lwong condensate va khi. Khi
ddéng hanh va dwoc coi 1a sdn phdm phu cta qua
trinh khai thac dau, khi d6ng hanh thwong it c6 gia
tri hon dau va tén kém hon khi vin chuyén va luvu
triv. Vi vy, hién chi 75% lwong khi dong hanh khai
thac ngay nay trén toan thé gi¢i dwoc thu gom va
ban truec ti€ép cho khach hang thong qua hé thong
dwong 6ng van chuyén khi hodc dwoc str dung tai
ch6 nhw mot ngudn nhién liéu hodc dwoc bom lai
vao cac giéng diu dé tao ap lwc dé thu hoi chitlong
thir cip. Phan con lai hodc dot bé (khoang 140 ty
mét khoi) hodc xa vao khi quyén (khoang 60 ty
métkhéi). Viéc d6t bo va xa vao khi quyén nhu vy
gy hiu qua dang ké cho méi trwong. Theo wéc
tinh, lwong khi dot bd va xa vao khi quyén chiém
khoang 40% lwong phat thai Pham vi 1 va Pham
vi 2 lién quan dén khai thac dau khi.

Hién tai c6 nhiéu giai phdp dé gidm thiéu dot
bo, d6i v&i cac mo méi, cic nha khai thac dat muc
tiéu 13p dit cac hé théng thu gom, st dung khi
d6éng hanh. Tai cic mé dau hién tai, cAc Cong ty
khai thac dworc yéu cau loai bo viéc dét bd trudc
nam 2030. Trong Kich ban SDS, véi sw can thiép
chinh sdch manh mé clia cAc quéc gia va cac nd luc
cta nganh dau khi, sw d6t bo sé'm bi loai b6 xudng
duwéi mirc 13 ty mét khoi sau nam 2025.

3.1.3. Xur ly khi thdi métan

Khi métan la mdt loai khi hiéu &ng nha kinh
manh hon nhiéu so véi CO2, ¢ y nghia quan trong
déi véi giam tac dong bién do6i khi hau, dic biét la
trong twong lai. Ty trong phat thai khi métan trong
nganh nang lwong ding th 2 sau nganh néng
nghiép. Theo danh gia cta IEA, mac du khi thai
métan cling dén tir hoat dong khai thac than da va
nhién liéu sinh hoc (NLSH), tuy nhién wéc tinh
hoat dong dau khi c6 thé la ngudn phat thai 16n
nhit tir nganh nang lwgng.

Phat thai khi métan c6 thé dwoc phat ra tai cac
diém khac nhau doc theo chudi gia tri dau khi, tir
qua trinh khai thac, thu gom, xtr ly khi vai va phan
phdi dén ngwoi tiéu dung cudi cung. Theo sé liéu
thong ké cia IEA [10] wéc tinh c6 kKhoang 72 triéu
tin khi thai métan tir cac hoat déng dau khi vao
nam 2020, trong d6 hoat dong khai thac diu khi
chiém khoang 75% lwgng phat thai métan cta
nganh dau khi.
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Hién nay, c6 nhiéu céng nghé va bién phap cé
san dé giam lwong khi thai métan tir hoat déng
dau khi. Uéc tinh rang néu tat ca cac bién phap
dwoc ap dung trén chudi gia tri dau khi thi c6 thé
tranh dwoc khoang 75% lwong phat thai khi
métan tir hoat dong dau khi.

3.1.4. Tich hop NLTT vao hoat dong diu khi

NLTT ngay cang canh tranh cé thé déng gop
cho hoat dong dau khi, c6 mot s6 giai phap dé gop
phén gidm lwong khi thai va cit gidm gidm chi phi
trong hoat dong dau khi dac biét khi thi 4p dung
thué/phi carbon, cu thé nhw sau:

- St dung ngudn dién tai tao cho hoat déng
thwong nguén: Trong mot sé trieong hop, cac hoat
déng thwong nguoén c6 thé mua dién tir lwdi dién.
Tac dong moi tredng ctia gidi phap nay phu thudc
vao cuong do phat thai cia nguon dién lwdi.

- Tich hgp NLTT vao cac co s& thwong ngudn:
Giai phap nay da tré nén phd bién rong rii hon,
bao gom duv 4n Sonatrach-Eni 10 MW dé cung cip
nang lwong cho mét mé dau cta Algeria véi pin
mat trod, khanh thanh vao cudi nim 2018 va nam
2019 Equinor cong bd xay dung mdt nha may dién
gi6 ngoai khoi 88 MW méi dé cung cip dién cho
cac gian khai thac ngoai khoi phia nam bién Na Uy.

- St dung nhiét carbon thip tir NLTT: Mot giai
phap khéac 1a s dung nang lwong mit trod dé tao
nhiét cho giai phap ning cao thu hoi dau (EOR)
nhiét (dworc goi la nang lwong mat troi-EOR). Giai
phép nay dwoc dic biét quan tAm & cac quoc gia
noi ning lwong mat troi doéi dao nhwng khi dot
twong ddi khan hiém. & O-man, mét trang trai
nang lwong mat troi 1 GW dang dwoc xay duwng dé
cung cip hoi cho viéc khai thac dau ning khoang
20 nghin thung/ngay.

3.2, Phét trién cong nghé thu hoi, Iru triv va stv
dung cacbon [7]

Hién nay, nganh cong nghiép diu khi da di dau
trong viéc phat trién va trién khai cac cong nghé
thu hoi va str dung carbon (CCUS) véi gan 80%
trong s6 35 triéu tin CO; thu dwoc tir cac hoat
dong cong nghiép tai cac co s¢ CCUS quy mo lén
dén tlr cac hoat dong dau khi. CCUS la c6ng nghé
quan trong dé dat dwoc quy dao phat thai ctia SDS.
Viéc st dung CCUS trong cong nghiép sé la pho
bién, do khi thai tir cic nganh str dung nhiéu ning
lwong thwong khé gidm va CCUS mét trong sé it
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cac lwa chon céng nghé hién c6 dé dat dwoc mirc
dd khtr cacbon sau. Khi cac co ché chinh sach wu
dai dwoc dwa ra dé khuyén khich dau tw trién khai
CCUS, nganh dau khi sé déng vai tro 1é6m véi loi thé
nhw:

- Nguobn phat thai CO- trong hoat déng dau khi
c6 tinh tap trung twong ddi dé dang va hiéu qua
trong viéc thu hoi. Viéc trién khai CCUS trong cac
linh vuc nay sé gép phan gidm cwong d6 phat thai
& Pham vi 1 va Pham vi 2 tai cdc nha may loc hda
d4u, nha may dién.

- La nganh st dung CO,, cht yéu dé bom vao
long dat nhw mot giai phap ning cao thu héi dau
(EOR). Tuy thudc vao nguén CO, va khoi lwong
dwoc bom vao, diéu nay c6 thé lam giam dang ké
cwong d6 phat thai khai thac dau(thadm chi, vé mat
ly thuyét dan dén dau c6 phat thai carbon 4m).

- La mot nganh c6 nang lwc nghién ctru cao, ¢
nguodn quy nghién ciru tai tro tét va c6 hé thong
dwong 6ng quy mé 16m, va kha ning quan ly dw an
dé m& rong trién khai CCUS. Diéu nay c6 thé co y
nghia tich cwc d6i véi nhiéu khia canh cta qua
trinh chuyén do6i ning lwong, bao gbm ca viéc san
xudt hydro carbon thap quy mé 1&n va khir cacbon
ctia nganh cong nghiép nang.

3.3. Mé rong sdn xudt nhién liéu phat thai cacbon
thap [7]

Trong qua trinh chuyén dich ning lwgng, trién
vong cung cip cac san pham nhién liéu 16ng va khi
cacbon thap can sy ho tro tham gia cia nganh dau
khi, cu thé trong viéc san xuat hydro cacbon thip,
khi sinh hoc biomethane va NLSH tién tién. Nhirng
loai nhién liéu nay déu c6 tiém nang dwoc trién
khai rong rdi hon nhiéu trong hé thong ning
lwong phat thai thip, nhung tit cd déu phai doi
mit véi nhirng thach thirc thwong mai dé ting quy
md vi phan 16n gia thanh dit hon dang ké so vai
san xuit so v&i cic san pham dau va khi ngay nay.

So v&i viéc phat trién dién, viéc phat trién, san
xudt kinh doanh phan phoi cac nhién liéu cacbon
thdp gin lién vdi thé manh ning luc kinh nghiém
va trinh d6 ngu6n lyc tir quan ly dy an, vin hanh
san xudt cia nganh dau khi. Hau hét cac nhién liéu
16ng va khi carbon thip c6 thé tin dung co s& ha
tAng van chuyén va phan phdi hién cé va c6 thé
dworc str dung trén toan nganh nang lwgng. Ching
ddc biét hiéu qua trong nhiéu linh vuc khé giam
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nhu hang khong, van chuyén, san xut st thép,
san xuit hoa chat, va van tai dwong dai.
3.3.1. Sdn xudt hydro carbon thip

Sw quan tAm dén hydro carbon thap da ting
manh trong nhitng ndm gan day, thé hién trién
vong phat trién ctia hydro véi vai tro tich trit nang
lwong carbon thap, dac biét khi chi phi dién tai tao
gidm. Tuy nhién, viéc san xuat hydro carbon thip
rat ton kém va dau tw vao co s& ha ting san xuit
hydro c6 nhitng rii ro dang ké trong truwdrng hop
cung va cau khong dam bao.

Hydro khong phdi la m&i d6i véi hé thong ning
lwong, nhu cau hydro cho khach hang cong nghiép
thwong dwoc cung cip bdi mot doanh nghiép 16m
va cac cong ty loc héa dau cé nhiéu kinh nghiém
trong san xuit va xt Iy hydro. Tuy nhién, chi mgt
phan nho trong so6 nay la hydro carbon thap.

Theo danh gia cia IEA [7], hién nay chi phi san
xudt hydro carbon thap tir khi dét ty nhién két
hop véi cong nghé thu gom va lwu trir CO, (CCUS)
c6 gia tir 12 - 20 USD/MBtu, trong khi san xuat
hydro tir NLTT c6 gia tir 25 - 70 USD/MBtu. Hon
nita, sw phat trién cla co s& ha ting hydro con
cham da kim ham viéc st dung/phat trién hydro
rong rai hon.

Tuy nhién, hydro cé nhiéu co hoi 16n dé€ mé
rong quy mo st dung trong thap Ky téi, trong do
sw hop tac gitra cac chinh phg; gitta chinh phu va
nganh cong nghiép déng vai trd quan trong dan
dén sw thanh céng cha viéc trién khai, vi du nhu:
bién cac khu cong nghiép thanh trung tAim dé nhan
rong viéc st dung hydro sach; xay dwng trén co s&
ha ting hién c6, vi du nhw hé thong mang luéi
dwong 6ng khi dot; mé rong st dung hydro trong
linh vuc giao thong van tai.

3.3.2. Khi sinh hoc Biomethane

Ngay nay, wéc tinh ¢6 hon 1 ty tAn phu phim
hitu co va chit thai bi virt di hodc bé hoang moi
nam. Sy phan hiy cia ching c6 thé dan dén phat
thai khi métan giy ndng 1én toan ciu, hon nira
chit thai néu khong dwoc quan 1y c6 thé giy 6
nhiém dit va nwéc ngdm. Néu nhitng sdn phim
thai nay dwoc thu gom va x ly theo cach thich
hop c6 thé cung cAp mot ngudn NLTT co gia tri
dwdi dang khi sinh hoc. Hién, trén thé gi¢i c6 hon
700 nha may biomethane dang hoat dong ngay
nay san xuit khoang 2,5 triéu tin dau quy déi



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA

(MEAE2021)

biomethane trén toan ciu. Mic du biomethane
chiém chwa dén 0,1% nhu ciu khi d6t tw nhién
ngay nay, viéc san xuit va str dung né dwoc ho tror
b&i cac chinh sach ngay cang tang, dac biétla trong
linh vyc giao thong va dién.

Cling nhw hydro, biomethane hién c6 gia thanh
dat do, wéc tinh véi quy mo dap tng 10% nhu cau
khi dot gid biomethane trung binh tir 10
USD/MBtu dén 22 USD/MBtu. Trong kich ban
SDS, st dung biomethane tang 1én hon 200 triéu
tAn dau quy doi vao nidm 2040. Khi carbon thip
(bao gbm hydro va biomethane) chiém 7% téng
ngudn cung khi trén toan ciu va hon 15% tong
nguon cung khi dét & Trung Qudéc va Lién minh
chau Au vao nim 2040.

3.3.3. Nhién liéu sinh hoc tién tién thé hé mdi

Nhién liéu sinh hoc (NLSH) dong vai tro ngay
cang quan trong trong SDS, vao nam 2040 cong
suit sé tang 1én gin 8 triéu thung diu quy
déi/ngay so véi khoang 2 triéu thung dau quy
d6i/ngay hién nay. Nam 2040, NLSH chiém
khoang 10% nhu cau nhién liéu 16ng toan ciu.
NLSH dwoc st dung hiu hét trong linh vuc giao
thong nhw hang khong va phwong tién van tai kho
giam nhuw tau thuy, xe tai, tau hoa trong kich ban
SDS. Tiéu thu trong xe 6 t6 ch& khach tang tir 2
triéu thung dau quy déi/ngay hién nay 1én dinh
khoang 3,7 triéu thung d4u quy d6i/ngay vao nam
2035.

Vé phia cung, phan lén 1,8 triéu thung dau quy
dé6i/ngay NLSH dwoc san xudt trén toan ciu ngay
nay st dung cac phwong phap san xuit ctia truyén
thong. Nhirng lo ngai da dwoc dit ra vé tinh bén
virng cta cac phwong phap nay & mot s6 quoc gia
do canh tranh véi san xudt lwong thye va c6 thé cé
sw gia tang 16n vé cwong do phat thai CO2 lién
quan dén phat quang va canh tac dit. Do do, c6 sw
quan tAm ngay cang ting doi véi NLSH tién tién
thé hé mai dé tranh dwgc nhirng lo ngai nay. Cac
nguyén liéu khic nhau cé thé dwoc st dung nhw
dau thai, m& dong vat, nguyén liéu lignocellulose
... déu dang dugc nghién ciru san xuit thir nghiém.
Néu thanh coéng, két qua clia cadc chwong trinh
nghién ctru nay c6 thé din dén sy gia ting tiém
nang lén trong san xuit NLSH. Udc tinh rang, trén
toan thé gi¢i hién c6 khoang 10 ty tAn nguyén liéu
lignocellulose c6 thé dwoc str dung dé san xuit
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NLSH. V&i nhu cu san xudt 8 triéu thung dau quy
do6i/ngay NLSH vao nam 2040 sé chi can khoang
15% nguyeén liéu c6 san.

Mic du khéi Iwong 1é6m NLSH tién tién thé hé
méi ¢ thé dugce san xuit, tuy nhién sy phat trién
va trién khai bi chdm béi chi phi gid thanh NLSH
so véi NLSH thong thwong va xdng dau. Hién nay,
san xuat mot thung dau diesel sinh hoc tién tién
thé hé mai c6 gia khoang 140 USD/thung. Do d6,
twong lai cia NLSH tién tién sé phu thudc rit
nhiéu vao viéc d6i méi cong nghé lién tuc dé giam
chi phi san xuat cling nhw hd tro chinh sach 6n
dinh va lau dai.

4. Vai tro Tap doan DKVN trong hé thong nang
lwong quoc gia [11, 12]

4.1. Vai tro cung cdp nhu cdu tiéu thu NLSC Viét
Nam

Mic du Tap doan DKVN bat dau khai thac dau
tho tir nam 1986, tuy nhién trudc khi nha may loc
dau Dung Quat di vao hoat dong vao thang 2/2009
thi toan bd nguon diu thé khai thac dwoc xuat
khiu. Vi vay, dong gép cua Tap doan DKVN vao
viéc cung cip nguon NLSC dé dam bao an ninh
nang lwong quéc gia chwa dwoc thé hién ro. Véi
viéc trién khai hé théng thu gom, vin chuyén khai
thac khi vao bo cung cdp cho Trung tim dién luc
Phit My danh diu sy dong gép quan trong ctia Tap
doan DKVN vao hé thong nang lvgng quéc gia véi
ty trong tang dan tir 16% lén dén 26% tong nhu
cau NLSC Viét Nam vao nam 2010. Giai doan
2010-2020, Tap doan DKVN da phat trién manh
mé hoan thién chudi phat trién dau khi tir tham do
khai thac dén ché bién diu khi va san xuit dién;
Tap doan DKVN da duy tri ty trong cung cip
nguon NLSC cho phat trién dat nuéc trong khoang
25-26,5%. Giai doan 2021-2030, ty trong cung cip
nguon NLSC cua PVN cho dat nwéce ting dan 1én
khoang 31,9 % vao nam 2030 chu yéu tir cac dw
4n khi L6 B, C4 Voi Xanh; ngudn khi nhap khiu
LNG Thi Vai, Son My va cac nha may dién than cta
Tap doan DKVN di vao hoat dong. Sau nam 2031,
hién tai Tap doan DKVN chwa xac dinh ré cac dw
an dau tw 16n vi vay, ty trong déng goép cta PVN
vao viéc cung cdp nguén NLSC gidm dan xudng
26% vao nam 2035 (Hinh 2).
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Hinh 2. Xu hirong cung cip, tiéu thu cdc ngudn NLSC ctia PVN

Pon vi: nghin tin diu quy doi
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Qua Hinh 2, dw bdo dén nam 2030, Tip doan
DKVN sé van ¢4 vai trd quan trong trong hé thong
nang lwgng qudc gia trong viéc cung cip ngudn
NLSC cho dat nwérc, tuy nhién dé dam bao ty trong
dong gop 16m nhw trén Tap doan DKVN can phai
lwu y mét s6 diém, cu thé nhw sau:

- Trong co ciu cac ngudn NLSC cta PVN, khi tw
nhién va LNG c6 ty trong tang dan 1én 48% vao
nam 2025 va gan 60% vao nam 2030 va duy tri
cho dén nam 2045. Péng gop chinh vao ting
trwdng trén dén tir viéc dwa cac dw an Lo B, Ca Voi
Xanh vao khai thac tir nam 2024, 2025. Diéu nay
doi héi sw c6 gang nd lwc 16m ctia Tap doan DKVN
dé dwa cac du an trén vao khai thac dung tién do.

- Ty trong ngudn nang lwong nhiap khiu cua
Tap doan DKVN ting dan dén nam 2020 chiém
khoang 49% va duy tri trong khoang 54-59 % cho
dén nam 2045. V6i sy phu thudc ngay cang lon
vao ngudn nang lwong nhip khiu doi hoi Tap
doan DKVN cén phai d6i m&i mé hinh hoat dong,
nang cao nang luc quan tri dé thich ng v&i moi
trueong thwong mai nang lwong toan cau. Diéu nay
cting doi hdi Chinh pht cin xem xét stra doi, diéu
chinh cac co ché chinh sach d&€ PVN c6 thé hoat
dong hiéu qua trong moi treong kinh doanh, hop
tac qudc té ngay cang mo rong.

4.2. Vai tro cung cdp NLCC Viét Nam

Hién trang va du bdo cung cip cac san phim
xang dau va dién nang ctia Tap doan DKVN cho dat
nwéc duoc trinh bay nhw tai Hinh 3.

Qua Hinh 3, ¢4 thé thdy rang, ty trong cung cap
cac san pham xdng dau va dién nang nam 2010
cta T4p doan DKVN chiém 18,3% téng nhu ciu
NLCC dat nwéc, chu yéu dong gop tir san xuit cia
Nha may loc ddu Dung Quit va cic nha may dién
khi cia PVPower nhw: Ca Mau 1&2 va Nhon Trach
1&2. Ty trong déng gbp cac nguén NLCC ctia Tap
doan DKVN tiép tuc duy tri tang trwdng 1én dén
34% vao nam 2030. Sau nam 2031, hién tai Tap
doan DKVN chwa xac dinh ré cac duw an dau tw vao
linh vire khiu sau (Loc hdéa dau, ché bién khi) cling
nhw linh vwce dién, vi vay ty trong dong gop cla
PVN vao viéc cung cip ngudén NLSC gidm dan
xudng con 27,9%.

Tuy nhién, dé€ c6 thé duy tri vi tri, vai tro cung
cAp cac san phim xang dau va dién nang nhw trén
Tap doan DKVN va cac don vi thanh vién nhw BSR,
PVPower, PVGas, PVOIL can tip trung ddy manh
trién khai cac dw 4n Nang cip mé rong NMLD, dw
an NM dién khi Nhon trach 3&4, Mién Trung 1&2
va Ca Mau 3 theo dung tién d6 dwoc phé duyét.
Qua phén tich ty trong nguoén ning lwong nhap
kh4u chi yéu 1a cac san phdm xdng diu trong téng
ngudn cung cp NLCC ctia PVN, ¢4 thé thiy rang ty
trong nhap khiu cic ngudén NLCC la twong doi
thap. Diéu nay cho thiy, chudi dau khi tir khai thac,
van chuyén, ché bién, phin phéi kinh doanh xing
diu va san xuat dién ctua Tap doan DKVN c6 lién
két chat ché.

Hinh 3. Xu hwong cung cdp cdc nguén NLCC ctia PVN
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4.3. Dinh hwong chuyén dich nang lirong tai Tap
doan DKVN

Hién nay, T4p doan DKVN dang trién khai thuc
hién Chién lwgc phat trién Tap doan DKVN theo
Quyét dinh 1749/QD-TTg cta TTCP ngay
14/10/2015. Tai Quyét dinh 1749 néu rdé quan
diém phat trién PVN can tip trung vao cac linh vuc
kinh doanh chinh la: Tim kiém tham do va khai
thac dau khi, cong nghiép khi, cong nghiép dién,
ché bién diu khi, ton trit va phan phdi cac san
phdm dAiu khi, dich vu diu khi. D6i véi linh vue
cong nghiép dién tai Quyét dinh 1749 cda Thu
twdéng Chinh phu da dinh hwéng Tap doan DKVN
khong phat trién thém cac duw an thay dién, dién
than, dién gio....

Mac du vay, ngay 11/02/2020, B6 Chinh tri da
ban hanh Nghi quyét 55-NQ/TW vé dinh huéng
phat trién nang lwong quéc gia dén nam 2035 va
tAm nhin dén ndm 2045, trong d6 néu rdé quan
diém méi vé phat trién nang lwong mdéi/sach,
NLTT... d€ phu hop v6i xu hwéng chuyén dich
nang lwong dang dién ra manh mé trén toan ciu.

Do d6, dé trién khai thwc hién Nghi quyét 55-
NQ/TW, tir nam 2020 dén nay, bén canh viéc thuc
hién va ra soat, cip nhat xy dwng Chién lwoc phat
trién cia TAp doan DKVN va cac don vi thanh vién
theo Quyét dinh 1749/QD-TTg cia TTCP ngay
14/10/2015, Tap doan DKVN da cha dong thanh
l4p Ban Chi dao va T cOng tac trién khai vé
chuyén d6i ning lwong Tap doan DKVN nham: (i)
danh gia tic dong viéc chuyén dich nang lvgng téi
cac linh vyc hoat dong chinh cta Tap doan DKVN;
va (ii) xdy dung Chwong chuyén hanh dong
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chuyén dich ning lwong, cu thé nhw: nghién ctru
cac giai phap gidm phat thai CO2, st dung tiét
kiém hiéu qua nang lwong tai cac nha may, cong
trinh dau khi; nghién ctu cac giai phép tich hop
NLTT vao hoat déng dau khi cot 16i; nghién ctru
phat trién nguén nang lwong méi nhw hydro..; (iii)
chip thuin cho cong ty con PVPower thanh lap
Cong ty c6 phan Nang lwong tai tao - PVPower
REC.

Diéu nay cho thdy rang, hién nay Tap doan
DKVN dang trong giai doan nghién ctru danh gia
tac dong dé xay dung dé xuit véi cAp thdm quyén
nham diéu chinh chién lwoc phat trién PVN phu
hop véi Nghi quyét 55 va boi canh chuyén dich
nang lwong dang dién ra tai nhiéu quéc gia.
5.Kétluan

Qua phan tich danh gia hién trang va xu hwéng
phat trién nganh céng nghiép dau khi thé gi¢i bao
gom phén tich hién trang, xu hwéng tiéu thu dau
mo, khi d6t va cac san phdm diu khi; va phan tich
cac chién lvgc thich rng cia cong nghiép diu khi
trong bdi canh chuyén dich nang lwong; déng thoi
phan tich vi tri va vai tro cia Tap doan DKVN trong
viéc ddm bao an ninh nang lwong quéc gia hién tai
c6 thé dwa ra mot s6 nhan dinh sau:

- Nganh cong nghiép dau khi thé gi6i van tiép
tuc dong vai tro quan trong trong hé thong nang
lwong thé gidi, voi ty trong dau khi dong gop trén
50% nguon cung NLSC, do d6 nganh dau khi thé
gi¢i khong thé dirng ngoai xu hwdéng chuyén dich
ning lwong dang dién ra manh mé trén toan ciu.
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- Trong qua trinh chuyén dich nang lwgng,
buwéc di dau tién cin thiét ciia nganh céng nghiép
dAu khi thé gidi 1a gidm dan tac dong tiéu cwc dén
moi treong trong hoat dong cia nganh dau khi.
Diéu nay khong chi nham muc dich gidm phat thai
khi nha kinh ma con chirtng minh rang cac ngudn
tai nguyén dau khi van 13 wu tién lya chon trong
hé thong tiéu thu ning lwgng phat thai thap so véi
cac ngudn NLSC khac.

- Véi thé manh trong hoat dong tham do khai
thac dén ché bién phan phoi cac san pham diu khi,
nganh cong nghiép dau khi di tp trung nghién
ctry, trienr khai cac giai phap cham dirt dot bo khi,
giam ro ri métan, 13p dit CCUS vao cac nha may
ché bién dau khi va tich hop NLTT vao hoat dong
thwong nguon, dong thoi mé rong trién khai san
xudt nhién liéu phat thai cacbon thip nhw hydro,
khi sinh hoc biomethane, NLSH tién tién.

- Trong xu hwéng do, Tap doan DKVN khong
thé dirng ngoai xu hwdng chuyén dich nang lwong,
tuy nhién vé&i dac thu la Tap doan Dau khi quoc gia
moi dinh hwdng phat trién phu thudc vao chinh
sach ctia Chinh pht. Vi vdy, Chinh phu, Tap doan
DKVN can tiép tuc thdo g& cic co ché chinh sach,
nguon luc dé tao dong lwc d€ Tap doan DKVN tiép
tuc phat trién 6n dinh, bén virng gép phan dam
bdo an ninh nang lwgng qudc gia.

Loicdmon

D€ hoan thanh ndi dung bai bdo nay, tdi xin
tran thanh cam on cac dong nghiép tai Tap doan
DKVN da hd tro, gitip d& trong qua trinh thu thap
thong tin so liéu vé qua trinh hoat dong va dinh
hwéng phat trién cta Tap doan DKVN va cac don
vi thanh vién.

Dong gop cua cdc tic gid

Bai bao nay do tac gia la nguoi duy nhat tham

gia chudn bi ndi dung.
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Ttr khéa: may bién ap ba

pha, phong thi nghiém ao,

Simulink.

Trong thoi dai cong nghiép 4.0, chuyen déi s6 dang dién ra manh mé & nhiéu
quoc gia, nhiéu linh virc, trong dé cé gido duc. Tir thuc tién gidng day dai hoc
cdc hoc phiin nganh Ky thudt dién, nhdn thay rang, viéc do héa cdc phong thi
nghiém dién mang lai nhiéu loi ich cho cd truomg dai hoc va cho cd sinh vién.
Bai bdo nay trinh bay phwong phdp xdc dinh cdc tham sé mé phéng ctia mdy
bién dp ba pha trén phdn mém MATLAB / Simulink tir thong s6 nha sdn xudt.
Bai bao ciing trinh bay mé hinh phong thi nghiém do cho mdy bién dp ba pha
bao gém cdc mé hinh do ludong dién, mé phong thir nghiém khéng tdi, thir
nghlem ngan mach, thir nghzem C6 tdi, t6 ddu day M06 hinh phong thi nghzem
do nay hdp dén déi véi sinh vién va glup sinh vién cd thé hiéu sdu hon vé cdc
khia canh hoat dong ctia mdy bién dp dién ba pha, tir dé ho cé thé vdn dung

vao thwc hanh thuc té.

© 2021 Truwong Dai hoc M6 - Pia chit. T4t ca cac quyén dwoc bao dam.

1.M¢ dau

Trong nghién ctru & bac dai hoc nganh ki thuat
dién, may bién ap (MBA) la m6t trong nhitng may
dién c6 dong gép vd cung quan trong. Trong
phong thi nghiém may dién, sinh vién thyc hién
mot so6 thi nghiém co ban véi MBA mét pha. Cac
thr nghiém nay bao gom thitr nghiém hé mach,
thtr nghiém ngan mach, thir nghiém tai... Ttr kinh
nghiém thyc té chung toi c6 thé khang dinh rang
cac thir nghiém mo phéng nhuw vy sé cung cip cai
nhin su sac hon cling nhw chi tiét hon vé sw hiéu
biét vé van hanh MBA trong cac diéu kién khac
nhau. Trong thi nghiém thwc t€ ciia MBA, sinh vién
dwoc yéu cau rut ra mot sd dic diém va thu dwoc
mot sO két qua lién quan dén vin hanh MBA. V&i
mo hinh thi nghiém 4o trén Simulink, sinh vién cé
thé tw lam quen véi cac dédc diém khac nhau cta
van hanh MBA va c6 thé dé dang tinh to4n bat ky
dit liéu can thiét nao, vi du: hiéu suit, diéu chinh
dién ap, tén hao. Sau khi két thic thi nghiém ao,
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sinh vién c6 thé tién hanh thwc hién cac bai kiém
tra thuc té véi cai nhin sau sac hon.

M6 hinh MBA mét pha trén MATLAB Simulink
da duoc thir nghiém bdi Ayasun va Nwankpa [1],
trong d6 ho da lam viéc véi md hinh "MBA tuyén
tinh" c6 san trong Simulink hoat ddng v&i dwong
cong tlr hoa tuyén tinh. Ho cling da trinh bay kha
nang tich hop chiing vao trong hoc phan may dién,
thém vao dé phin khao sat sinh vién chirng minh
rang sinh vién thich thd véi thi nghiém ao.

Phong thi nghiém 40 MBA mot pha dworc trinh
bay bédi nhém Srimanti Roychoudhury va déng
nghiép [2] da trinh bay cac mo6 hinh m6 phong lai
cac thtr nghiém thuyc té nhw thir nghiém khong tai,
thttr nghiém ngan mach, thr nghiém tai va thir
nghiém chay nhiét ngin thanh céng trong do
chinh x4c c6 thé chidp nhan dwoc cho MBA bio
hoa.

Nghién ctru Pooja N. Upadhyaya va Vijay H.
Makwana [3] trinh bay phwong phap xac dinh cac
tham s6 ctiia mach twong dwong MBA mét pha tir
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dit liu thtr nghiém va sau d6 mé phdéng diéu
twong tw trong MATLAB / Simulink, cac két qua
cho thiy sai léch cta ching la chip nhin dworc.
Cac nghién ctru trén cho thay kha nang tich hop
mo hinh thi nghiém do MBA vao gidng day dai hoc,
tuy nhién dé6i véi MBA ba pha (MBA3P) chua
dwoc nghién ctru. Bai bao nay sé trinh bay phwong
phép xac dinh cic tham s6 md phdng cia MBA ba
pha tir thong s6 nha san xuit dua trén phan mém
MATLAB / Simulink va xay dung mé hinh phong
thi nghiém ao cho MBA ba pha tich hop vao giang
day, thém vao dé cac két qua mé phdong ciing duoc
trinh bay.
2. Co s ly thuyét
2.1. M6 hinh MBA ba pha

St dung md hinh MBA3P “Three-Phase
Transformer (Two Windings)” trong méi trwong
simulink lam déi twong nghién ctru. M6 hinh nay
str dung 3 MBA mot pha ghép thanh, mach twong
dwong cia MBA mét pha dwa ra trén hinh 1 [4].
Ngoai viéc Iwa chon két ndi cac cuén day, mo hinh
con cho phép st dung kiém MBA tuyén tinh hoac
MBA bio hoa. D6i véi MBA tuyén tinh, duwong cong
tir hoa la tuyén tinh va do dé, hiéu trng bao hoa la
khong xuit hién nhw trong MBA thuc té. Tuy
nhién, trong mo6 hinh MBA bao hoa, ching t6i st
dung dac tinh tir héa theo y muén ctia ching toi,
do d6 cho phép ching t6i nhan ra dwong cong tir
héa twong thich véi MBA dworc st dung trong thuc
té trong phong thi nghiém. Véi gid thiét rang
nguon cung cip, MBA va tai ba pha la d6i xtrng.

Rl Ll L2 R2

Lm

o

Hinh 1. Mach twong dwong ciia MBA mét pha tuyén
tinh.

2.2. Phwong phdp xdc dinh cdc tham sé mé
phong

Nha san xuit thong thwong sé cung cap cac
thong s6 co cia MBA, bang 1 cung cap mot bo
thong s6 co ban cia MBA ba pha [5]. Ttr cac thong
sO nay, bai bao xiy dung phwong phap xac dinh
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cac tham s6 mo6 phong cho MBA ba pha trén phan
mém MATLAB / Simulink.

Bo thong s6 md phdong cia MBA ba pha tuyén
tinh trén phdn mém MATLAB / Simulink bao gom
Pa(VA), f.(Hz), Vi (V), Ri(ohm), Li(H), V: (V),
Rz(ohm), Lo(H), Rm (ohm), Lm(H). Nhw vy ngoai
cac thong s6 da c6 nhw cong suit dinh mirc P,
(VA), tan s6, dién ap so cip, dién ap thi cap thi cic
thong s6 con lai can dwoc xac dinh. Do mé hinh
MBA ba pha kiéu tuyén tinh chinh 1a 3 mé hinh
MBA 1 pha tuyén tinh, do d6 c6 thé tinh todn thong
s6 cho MBA ba pha bang thong s6 ctia MBA mot
pha c6 thong s6 cong suit bang mot phan ba ctia
cong suat MBA ba pha.

Bdng 1. Théng s6 MBA ba pha TCIIIBII -630/6-1.2

tir nha sdn xudt.

Cdng suit dinh mic, Pn, KVA 630
bién ap Cao, VL1 6000
Khong tai (V) Ha, V2 1200
Dong dién, A Cao, Iin 60.6
Ha, Iz 304.3

Dién 4p ngin mach, V% 3.5

Dong dién khong tai, Inu% 3
Ton that, W | Khong tai, Pn. 2800
Ngin mach, Psc | 4700

Truwéec tién str dung cac thong s6 nha san xuit
vé ché d6 khong tai nhw tén hao khéng tai mét pha
Pni1p, DOng dién khong tai Ini, dién ap khong tai so
cip Vi, tinh toan cac gia tri cong suit biéu kién
khéng tai Sniip, cOng sudt phan khang khong tai
mot pha Qniip, dién trd tir héa Ry va dién cam tir
hoéa L nhu sau:

( SNLlp = Vnr1-Int

— 2 2
Qniip = JSNLlp — Pyrip

2
_ Vs

R, )

Pyrip

. - 1 Vyi®
L 2nf m 2nf QNL1p

trong do, Pni1p =Pni/3 - ton hao khong tai mdt pha,
W; Ine=I1n.InL% - Di)ng dlél’l khél’lg tai, A; Iin - dbl’lg
dién pha so cip, A; Va1 - dién 4p khong tai so
cap,V; Xm — dién khang tir h6a, ohm; f - tn so lwdi,
Hz.
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Cac thong s6 vé ché do ngan mach thir nghiém
nhu t6n hao ngadn mach P, dién 4p ngan mach
Vs, dong dién ngan mach so cp I, tinh to4n tdng
dién tré Ren, d0 16m cua tré khang Zey, tong dién
khang Xen cda hai dau cuén day quy vé phia cao ap
va ty s0 MBA a nhw sau:

( R. = Psc1p
eH —

(2)
2

ZeH -
a= VnL1
. Vi L2 .
trong do, Psc 1p= Ps/3 - Ton hao ngan mach mot
pha, W; Vsc=Vn1.1*Vs% -, dién 4p ngin mach, V;
Vi1 - dién ap khong tai so cp, V; Is.- dong dién
pha ngin mach so cip chinh 1a dong 1am viéc dinh
murc Iqn.

Theo tiéu chi thiét ké t6i wu [4], ta ¢ thé tinh
dién tré cudn cao ap Ry, dién tré cudn ha ap Ry,
dién cam cudn cao ap L4, dién cam cudn ha ap Lo:

R, = 0.5R,
1L: = %o.sxw )
| L= i_;

trong do6, Res - tong dién tré twong dwong, ohm;
Xen tong dién khang cda hai dau cudn day quy vé
phia cao ap; a - ty s6 MBA; f - tin s6, Hz.

2.3. Ddc tinh bdo hoa

Trong Simulink, dic tinh tré hoic bio hoa cé
thé dé dang dwoc chon véi sy tro gilp cla
“Hysteresis Design Tool” ciia khoi Powergui, viéc
st dung khéi nay lam ting ganh ndng tinh toan
ctia mo hinh Simulink dé va lam cho qua trinh mé
phong téng thé bi chdm lai rat nhiéu. D€ tranh vin
dé nay, chung t6i da chon dic tinh bao hoa bang
cach thl cong theo sy sw phu thudc cia tir thong
¢ vao dong dién tir héa In. Vi I ty 1€ véi dién
trweong H va ¢ ty 18 véi cdm tng tir B, d6 thi ¢ va
Im V& co ban 1a dudng cong tir hoa.
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Khi tinh dén hién twong bio hoa trong MBA,
md hinh “Three-Phase Transformer (Two
Windings)” cho phép lwa chon “Saturation
Characteristic”, khi d6 thong s6 dién cam tir héa
(magnetizaon inductance) Lm dwoc thay thé bang
dac tinh bao hoa chinh la sy phu thudc cua tir
thong ¢ (V/s) vao dong dién tir hoa (A). Day cling
la tredrng hop bao hoa khéng co tré.

Hinh trén mo ta ddc tinh i - ¢ trong 2 truong
hop c6 va khong c6 tir thong dw. Viéc xay dung dac
tinh bdo hoa i - ¢ phu thudc kha nhiéu vao thir
nghiém va cac thong s6 ban diu cia nha san xuit.
Trong trwong hop cac thong sé da trinh bay &
bang 1, bai bdo dé xuit xay dung dac tinh i - ¢
thanh cac doan nhw sau. Pdc tinh i - ¢ cho ving
tuyén tinh chinh 12 doan thang 1-2 di qua goc vdi
mot hé s6 goc bang dién cam tir héa tuyén tinh da
tinh trong thir nghiém khéng tai. Diém 2 c6 toa do
duoc xac dinh bang gia tri 16n nhit clia dong tir
hoéa va tlr thong trong thi nghiém khong tai véi
dién 4p dinh mic ditlén cudn so cip. Poan 2-3 1a
doan bao hoa, diém 3 dwgc xac dinh théng qua
diém 2 nhuw sau, véi dong tir hoa ting 1én 1.5 lan
thi tir thong tang 1én 1.1 1an. Poan 3-4 doan bao
hoa sau, diém 4 dwoc xac dinh thong qua diém 3
nhu sau: dong tir hoa ting bang dong dinh mitc thi
tir théng tang 1én 1.1 lan.

I % 4

—

g

(®)

T

fa)

Hinh 2. Bdc tinh bdo hoa chinh trwong hgp co (a)
va khéng co tir thong dw (b) [6].

2.4. Xay dwng phong thi nghiém do cho MBA ba
pha

Trong phong thi nghiém may dién cé cac thi
nghiém co ban véi MBA ba pha: Tim hiéu cic mo
hinh do lwgng dién 3 pha, m6 hinh thit nghiém
khong tai, thir nghiém ngan mach, thir nghiém cé
tai v&i cac té ddu day khac nhau. Bai bao xay dung
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mo hinh trén phin mém Matlab/Simulink phién
ban r2014a.

2.4.1. Mé hinh do lwong dién 3 pha

Cac khoi do lwong duwoc str dung trong phong
thi nghiém ao dwoc trinh bay tai bang. Viéc xac
dinh gia tri dong dién va dién ap tic thoi cua

nguon 3 pha dwoc thwc hién thong qua khoi
“Three-Phase V-1 Measurement”, xac dinh gia tri
cong suit tic dung va phan khang st dung khoi
“Power (3ph, Instantaneous)”. D€ tinh toan gia tri
hiéu dung str dung khoi “RMS”, gia tri trung binh
str dung khoi “Mean”.

1.886e+04
S 3ph1
T[)isf_::reﬂtg, w Z
= = Se- 5. - <+
el = 01484
powergui Divideg Sum
Divide2 PF1 Vabc2
> 3464 MabcZ>—»rums|—» 6925|
Vrms_abc1 RMS2 Virms abc2
> 1815
Irms_abc1
=
m VWabc P - T
labc  Qf#0 ¥ [ 1.866e+04]
labct Power Q 3ph1
(3ph, Instantaneous)
Ale—ala a = al A apE =l A al=
-+ ble— o
—a|N @ B le—a|B b |= al B B b=
c n—l_-
= C|m—ma|C c |= || T ¥ Yn2 c c|=
— Three-Phase Three-Phase Three-Phase Vlmwphﬁemz
Programmable V- Measurement Transformer — v as ureme

Voltage Source

Hinh 3. M6 hinh th nghiém khong tai.

2.204e+04 8.015e-08
Discrete, S 3phi
E = 5206 s. x S
i Divide9 Sum x 2=
powergui Divide2 PF1 Divide1 Sum1
»[8 824211

(Two Windings)

Vrms abc2

-
P 30h l
mbe Q. ¥ [2153e+04] [abe2>—dp{labe @
labc1 Power Q 3ph1 labc2 Power Q 3ph2
(3ph, Instantaneous) (3ph, Instantanepus)1
Als—alA ap—=x(A ale 8l A a
+ b e o
N Ble—alB ble—«|B B b
c E—l—a
Cc c
Ccle—=a|C cp——=jcy - v,
= Three-Phase Three-Phase Three-Phase _|  Three-Phase
Programmable V4 Measurem ent Transform er — V-l Measurement2
Voltage Source (Two Windings)

Hinh 4. M6 hinh thtt nghiém ngan mach.

Bang 2. Pia chi va chirc ndng ctia cac khoi do lwong trong Matlab /Simulink
| Khoi do lwong | Dia chi trong simulink library

Chirc nang
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Three-Phase VI Simscape/SimPowerSystems/Specialized Po dong ap 3 pha
Measurement Technology/Measurement
RMS Simscape/SimPowerSystems/Specialized Tinh gia tri hiéu dung
Technology/Control and Measurement/ Measurement
Power (3ph, Simscape/SimPowerSystems/Specialized Do gia tri cong suat tac
Instantaneous) | Technology/Control and Measurement/ Measurement dung va phan khang
Mean Simscape/SimPowerSystems/Specialized Tinh gia tri trung binh
Technology/Control and Measurement/ Measurement
Sequence Simscape/SimPowerSystems/Specialized Phan tich pha
Analyzer Technology/Control and Measurement/ Measurement

2.4.2. Mo hinh thir nghiém khéng tdi

D6i véi mo hinh thir nghiém khong tai (hinh 3),
ching t6i dung ngu6n 3 pha doi xirng véi dién ap
day 1a dién ap dinh mic MBA3P va tin s6é dinh
mirc. N6i véi mot MBA3P qua bd do lwong 3 pha.
MBA3P c6 cac thong s6 dwoc tinh toan theo
phwong phap dé xudt. MBA3P nay dwoc noi day
Y/Yn. O phin thir cAp MBA3P thuc hién viéc do va
tinh gia tri hiéu dung dién ap pha hé mach thir cip.
O’ phan so cdp MBA3P, viéc do lwong cac gia tri
hiéu dung ctia dong pha lane1 va dién ap pha Vaber
dwoc xac dinh thong qua khoi “RMS”, gia tri cong
suit tic dung duwoc xac dinh thong qua khdi
“Mean”, con cac gia tri cong suit biéu kién Szpn1 va
hé s6 cong suit so cap PF1 dwoc tinh toan theo
cong thirc:

53ph1 = 3Vavcilabe

4)

P3ph1

PF, =
! S 3phl

trong do, a1 - gia tri hiéu dung cia dong pha; Vapa
- gia tri hiéu dung dién ap pha.

2.4.3. Mé hinh thtr nghiém ngdn mach

D6i véi md hinh thir nghiém ngan mach (hinh
4), chung t6i dung nguon 3 pha doi xirng véi dién
ap day la dién 4ap ngan mach thk nghiém
Vse=V1*Vs%, va tan s6 f. Phia so c4p dwoc ngan
mach 3 pha. Phin do lwong & phia so cip dwoc
thuc hién twong ty nhw trén moé hinh thir nghiém
hé mach. O’ phia thit c4p thuc hién viéc do va tinh
toan gia tri hiéu dung ctia dong dién pha thir cap.

2.4.4. M6 hinh thir nghiém cd tdi véi cdc t6 ddu ddy
khdc nhau
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Mo hinh thir nghiém véi cic t6 ddu day khac
nhau dworc thwe hién nhw hinh 5. M6 hinh MBA3P
& phan nay st dung loai tuyén tinh, phia thi cip
MBA3P dwoc ndi véi b do lwong ba pha va tai ba
pha véi cong suat 0.001% cong suat dinh mirc ctia
MBA3P. Viéc do lwong & phia so cip giéng véi cac
mo hinh trén, con & phia thir cip thuc hién viéc do
twong tw nhw phia so’ cdp. Thém vao do thuc hién
thay déi cac t6 ddu ddy MBA3P theo kiéu sao - sao,
tam giac - tam giac, sao - tam giac hodc tam giac -
sao, tir d6 xac dinh quan hé pha gitra cudn so cap
va thit cAp & moi t6 d4u day.

Trong md hinh, hai cuén diy cia MBA c6 thé
dwgc néi nhw sau: Y ndi sao; Yn noi sao véi trung
tinh; Yg néi sao trung tinh dit; D1 ndi tam giac tré
hon sao 30 do; D11 noi tam giac sém hon sao 30
do.

Viéc xac dinh hiéu sudt MBA3P va phan tram
diéu chinh dién ap dwoc thwc hién thong qua mo
hinh thi nghiém nhw sau, MBA3P dwoc noi YYO va
mot tai ba pha dwogc st dung néi vao phia thir cip
MBA3P véi cong sudt dat thay déi tir 0-125% so
v&i cong suat MBA3P. Viéc do lwong & phia so cip
giong v&i cdc mo hinh trén, con & phia thi cip
thuc hién viéc do twong tw nhw phia so cap, so do
ndi mach nhw hinh 6.

Ton hao d6ng MBA3P tinh theo cong thitc:

Py = 3-Rllabcl2 + 3-Rzlabcz2 (5)
trong do, R; - dién tré cudn so cap, ohm; R; - dién
tré cudn thir cip, ohm; L - dong pha thi cip, A;
Labe1 - dOng pha so cap, A.

Ton hao tir héa MBA3P dwoc tinh theo cong
thirc sau:

(6)

bn =P3ph1_P3ph2 — Py
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trong do, Psphz - cong sudt tac dung tai ba pha, W;
P3pn1 - cOng sudt tic dung so cip cia MBA3P, W;
Py - tén hao dong MBA 3 pha, W.

biéu chinh dién ap VR% ctia MBA phu thudc
vao tai va hé s6 cong sudt tai. Piéu chinh dién ap
cia MBA dworc tinh toan béi cong thirc:

PN 7 . N Ny o ’ z V. -V
VIG;AC xac d%nh hiéu suat cuia MBA duwoc tinh toan VR = 2L 2FL 100
theo cong thirc: S FL
_ P3ph2 _ 3Vab621abc2PF2 VZFL _ (8)
B - ™) a VarL
P3ph1 3Vabcl’abclpFI = V— 100
trong do, Psphz - cOng sudt tac dung tai ba pha, W; 2FL

trong d6 Viz va Veiz 1a gia tri hiéu dung cda dién

P3pn1 - cOng sudt tac dung so cip cia MBA3P, W; - o0 YNLz Ve VL2 1@ 5l Br e e
ap khong tai va day tai & phan thir cap, aty s6 MBA.

PF1 - hé s6 cong suit so cip; PF, - hé s6 cong suit

2

tai. N N _
Alp—ala alm alA aje—alA a “|—‘
b @
ru N * el als b e alB —3 B b= 5
© -—l—n c c nJ = m o
C|le—a|C c = 2|C ¥ Y2
= Three-Phase Three-Phase 'IT'Iree—F'hasenl Three-Phase J%_

Transform er - Measurem ent2

(Two Windings,

o3

Programm able
Voltage Source

V-l Measurement

RMS3 Vrms_abc1
Vrms_LL1
Vabc4 A A
lul |—— lul |——
[vabe » abc abec
Zu 7.056e-13 Zu 0.001782
Sequence Analyzer1 Phase1 (deg) Sequence Analyzer Phase2 (deq)

Hinh 5. T6 ddu ddy.

6.193e+05

Dis crete,
T= =505 s.
rgui Divideg Sum b Sum
powerg Dividez  PF1 Divide1 Sum Divide3 PF2
RM S} »|[ 3464.1016451377| »|[ 686.93204589353)|
RMST Vabc1 \fabcZ]
[=41] s|——>|| 60 431479143991 || —>-| 300.5327 T00] 842 |
RMS6E labc1 labc2
\Y 6 I680+05) 4 6.193e+05
[Vabc > abec P T P T B3
labe @ ¥ [ 3.98e+04] Qpe T 2.324e11
! Power Q 3pht 2 Power Q 3ph2
(3ph, Instantaneous) (3ph, Instantaneous )1 Pload
A A a A a|s——al| A a .
+
i_- N @ B B b B $ ble—a|B b B JVW.{ I
C [o—a|c c|= alc v g ¢ [B——a|c c |= al C
— Three-Phase Three-Phase Three-Phase Three-Phase
Programmable V-1 Measurement Transformer V-l Meas urement2

\ioltage Source {Two Windings)

Hinh 6. M6 hinh thir nghiém c6 tdi.
két qua dwoc trinh bay & dang bang, cling nhu tinh

toan cac thong so6 dé hién thi dwoc cac do thi nhw
dwéi day.

3. Két qua va thao ludn
V6i mé hinh phong thi nghiém MBA nhw dé
xudt, cho phép sinh vién thuc hanh moé phéng, cac
74
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3.1. Théng s6 mé phéng MBA ba pha

Ap dung phwong phap tinh thong s6 mé phéng
da dé xuat cho MBA3P trinh bay & bang 1, thu
dwoc cac thong s6 mod phdng cia MBA3P nay nhw
bang 3.

Khi tinh dén hiéu rng bdo hoa cia MBA, ta st
thay thé Lm bang duwdng dic tinh i - ¢ ¢6 cac gia
tri sau: [0 0; 2.5403 15.5942; 3.8104 17.1536;
85.7333 18.8689].

Bdng 3. Théng s6 mé phéng MBA3P.

Thong s6 Ky | Pon | Giatri
hiéu | vi
Cong sudtdinhmic | P, | VA | 630000
Tan s6 dinh mic fa Hz 50
Pién dp day cubnso | Vi \ 6000
Pién tré cudn so R: | ohm | 0.2133
Cam khang cuénso | s H 0.0031
bién ap day cudn V2 Vv 1200
thi
Pién tré cudn thi R, | ohm | 0.0085
Cam khang cudén thir | L; H |0.00012
Dién tré tir hoa Rm | ohm | 12857
Cam khang tir héa Lm H 6.1361

3.2. Két qua thir nghiém khéng tdi

V&i nguon 3 pha doi xtrng véi dién ap day la
6000V va tan so f = 50Hz va MBA3P nay duoc néi
day Y/Yn. Cac két qua do lwong thu dwgc ghi &
bang 4. Két qua cho thay céng suat tén hao khéng
tai twong dwong véi théng s6 nha san xuit.

Bdng 4. Két quad thtr nghiém khong tdi.

Thong s6 Gia tri
Dién 4p pha cudn so cip, Vi, V 3464
Dién 4p pha cudn th cip, Voo, V. | 692.5
Dong pha cudn so cip, 1o, A 1.815
To6n hao cong sudt khong tai, Po, W | 2799
Hé s6 cong suit khong tai, PFoc 0.1484

3.3. Két qua thir nghiém ngan mach
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V&i nguon 3 pha doéi xirng véi dién ap day la
210V va tin s6 50Hz va MBA3P nay dwoc ndi day
Y/Yn. Cac két qua do lwong thu dwoc ghi & bang 5.
Két qua cho thiy cong suit ton hao ngin mach
twong dwong véi théng sé nha san xuit.

Bdng 5. Két qud thir nghiém ngdn mach.

Thong s6 Gia tri
Dién ap pha cudn so cip, Vis, V 121.2
Dién 4p pha cudn thi cip, Vas, V 0
Dong pha cudn so cip, lis, A 60.59
Dong pha cudn thi cip, Iz2s, A 302.8
T6n hao cong sudt ngidn mach, P, W | 4696
Hé s6 cong suit ngan mach, PF,. 0.2131

3.4. Két qua thir nghiém co tdi

3.4.1. Thir nghiém t6 néi ddy

Vé&i ngudn 3 pha doi xirng véi dién ap day la
6000V va tan s6 f 50Hz 1an lwot két néi MBA theo
cac t6 ndi diy khac nhau dwoc néi voi tai c6 cong
suit nho 0.01% cong suat dinh mic MBA, thu
dwoc cackét qua do 1éch pha dién ap so cip va thi
cip dwoc ghi & bang 6.

Bdng 6. Két qud thir nghiém t6 ndi ddy

T6n6i | Cudn | Cuén | Do dich
day so thir pha, do
YyO Y Yn 0
Yd1 Y D1 -30
Ydi11 Y D11 30
Dy11 D1 Yn 30
DY1 D11 | Yn -30
DdO0 D1 D1 0
Dd10 D1 | D11 60
Dd2 D11 | D1 -60

3.4.2. Thir nghiém vdi tdi thay dbi

Vé&i ngudn 3 pha doi xirng véi dién ap day la
6000V va tan sd 50Hz lan lwot két n6i MBA theo
td ndi day YyO0, véi tai thay doi tir 0-125% thu
dwoc cac két qua twong rng véi hé s6 cong suit
don vi, tré, va sém, va dwoc thé hién twong tng
trong bang 7, 8, 9. Cac két qua thu c6 thé tinh toan
tén hao dong Pcu, ton hoa tir héa Pm, gia tri phan
tram diéu chinh dién ap theo cong thirc & muc
2.4.3.
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s8 cong suit bang 1, va tai diém d6 tdn hao dong
bang v6i tdn hao dién tir. Hiéu suit sé gidm twong
ung khi hé s6 cong suit giam. Phan tram diéu
chinh dién 4p c6 xu hwéng ting 1én khi hé s6 cong
sut tré, va giam xudng khi hé s§ cong suit sém.

Tlr d6, hiéu suit va diéu chinh dién ap so vai tai
phén tram.cho hé s6 cong sut tai khac nhau dwoc
trinh bay trén hinh 7. T6n hao dong va ton hao tir
hoa duoc trinh bay tai hinh 8. R6 rang rang hiéu
sudt cia MBA 3 pha dat cuc dai tai 75% tai véi hé

Bdng 7. Théng sé MBA3P truomg hop tdi ¢ hé s6 cong sudt bang don vi.

Thong s6 Tai, %
0.001 25 50 75 100 125
Hiéu suit, % 0.224 | 98.0656 | 98.74616 | 98.8533 | 98.81567 | 98.7202
Vabet, V 3464 3464 3464 3464 3464 3464
Labc1, A 1.815 15.5 30.51 45,5 60.43 75.3
Vabe2, V 692.5 691.1 689.8 688.4 686.9 685.4
Labe2, A 0.003 75.59 150.9 225.9 300.5 3749
PF1 0.1484 | 0.9923 0.9971 0.9979 0.998 0.9978
PF2 1 1 1 1 1 1
Bdng 8. Théng sé MBA3P truromg hop tdi ¢ hé s6 cong sudt tré.
Thong so Tdi, %
0.001 25 50 75 100 125
Hiéu suit, % | 0.22388 | 97.9377 | 98.5145 | 98.519 | 98.3799 | 98.1839
Vaber, V 3464 3464 3464 3464 3464 3464
Labe1, A 1.816 20.11 38.56 56.72 74.58 92.15
Vabez, V 692.5 686.8 681.1 675.5 670 664.5
labez, A 0.003789 | 93.89 186.2 277.1 366.4 454.3
PF1 0.1487 0.7561 0.7712 0.7735 | 0.7727 | 0.7705
PF2 0.798 0.8 0.8 0.8 0.8 0.8
Bdng 9. Théng s6 MBA3P trudong hop tdi cé hé s6 cong sudt sem.
Thong so6 Tai, %
0.001 25 50 75 100 125
Hiéu suit, % 0.2250 | 97.9918 | 98.5690 | 98.5735 | 98.4342 | 98.238
Vabet, V 3464 3464 3464 3464 3464 3464
Labe1, A 1.815 18.24 37.39 65.74 76.26 95.93
Vabez, V 692.5 695.6 698.7 701.7 704.7 707.7
Labez, A 0.00379 | 95.11 191.1 287.8 385.4 483.8
PF1 0.1487 0.855 0.8364 0.8339 0.8356 | 0.8389
PEF2 0.802 0.8 0.8 0.8 0.8 0.8
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98.9 6 :
. = 4 =&—PF sém
R 987 & PF tr )
& 985 ~— g 2 -
2 =
2 98.3 —/7 < £%
Qe
= 98.1 f————PF sém 3 M
979 U PF trd Tii, % |5 , Tai, %
25 50 75 100 125 0 25 50 75 100 125
Hinh 7. Hiéu sudt va phdn tram diéu chinh dién dp.
. 15000 T - 2900
— som
N i)
& PF tré A || g 280
£ 10000 L S
S % = 2800
(=] =]
.-g 5000 _ /7 8 2750
= _ = p
= . & 2700 | —#—PFsém -
0 Tai, % = o650 PF tré Tai, %
0 25 50 75 100 125 0 25 50 75 100 125

Hinh 8. Tén hao dong va tén hao tir héa.

4.Kétluan

Bai bao da trinh bay phwong phap xac dinh cac
tham s6 mo phéng cia MBA3P trén phin mém
MATLAB / Simulink tir thong s6 nha san xuit. Bai
bao ciing trinh bay mé hinh phong thi nghiém ao
cho MBA3P bao gom cac mo hinh do lwong dién,
md phéng thir nghiém khong tai, thir nghiém ngin
mach, thtr nghiém c6 tai, t6 dau day.

Cac két qua thir nghiém s dung phong thi
nghiém do dé mé phéong MBA3P da dwoc trinh
bay, va chi ra rang hiéu suit cia MBA3P dat cuc
dai tai diém d6 t6n hao ddng bing v&i ton hao dién
tir. Hiéu suat sé gidm twong rng khi hé s6 cong
suit gidm. Phan tram diéu chinh dién ap c6 xu
huwéng ting 1én khi hé s6 cong sudt tré, va gidam
xudng khi hé s cong suat sém.

M6 hinh phong thi nghiém 4o nay hip dan ddi
vGi sinh vién va gitp sinh vién c6 thé hiéu sdu hon
vé cac khia canh hoat déng ctia MBA dién ba pha,
ttr d6 ho c6 thé van dung vao thuc hanh thyc té va
cac nghién ctru chuyén sau.
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1. Introduction

Currently, doubly fed induction generator
wind generators account for about 50% of wind
turbines installed worldwide. Therefore, there is
alot of research focused on controlling them with
the goal of improving operational efficiency. The
main problems are: speed control, voltage
control, reactive power, syschronization,
harmonic problems, etc (Bin Wu at al, 2011),
(Gaber El at al, 2016). Some studies focus on
optimizing relay setting parameters when there
is a short circuit near the generator (Nguyen
Xuan Tung at al, 2007), (Bui Pinh Thanh at al,
2016). These studies have solved and overcome
many difficulties in the operation of wind
generators (G. Dong, 2005). However, these
research results cannot be considered as a
general standard in controlling wind generators
according to the manufacturer’s parameters,
because of the characteristics of each wind
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generator when connected to grids different,
different operating condition will give rire to
different control parameters problems so that
they can not adapt themselves to that changing
condition (Krause, P.C atal, 2002).

This paper focuses on researching on wind
generators using DFIG, with the goal of
controlling DFIG independently of the
manufactures’s standard parameters. The main
contribution of the paper is to build a
mathematical model explicitly relating the
control parameters of the controller to the
parameters of the machine, with the idea:
design the control structure for the DFIG
machine based on for vector control, the PI
controller parameter is calculated based on
Butterworth technique (Prashant Debre at al,
2015).
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2.Model of DFIG
2.1 Structure of DFIG

DFIG is known as a wound rotor
asynchronous machine capable of transmitting
power to the grid via stator and rotor, where the
stator circuit is directly connected to the grid and
the rotor circuit is connected to a power
converter as shown in Fig 1 (Bui Pinh Thanh at al,
2016). The power converter consists of: rotor
side converter (RSC) and grid side converter
(GSC) connected in a “back-to-back” fashion. A
DC-link capacitor in the middle acts as energy
storage. Crowbar device is equipped at the rotor
terminal for overcurrent and overvoltage

protection in generator.
(1 E
\

Transformer

il

GSC

RSC
v ] =
DFIG T ]

I Back-to-back converter
(=]
Crowbar

Fig 1. Structure of the DFIG
2.2 Mathematical model of the DFIG

For modeling of DFIG, machine equations are
represented in synchronously rotating reference
frame dq axis (Krause, P.C, 2002).

Vs = Rsiqs + Oy +%1//qs

Vs = Rilgs — 0. +%1/1ds (1)
Vg =Ry +(0, -0, )wy, +%1//qr

Vg =Ry +(0, -0, ) v, +%1//dr

Ve = Lsiqs + Lmiqr

Vi = Ll + Ll

Vo = Ll + Ly 2)
Vi = Lplgs + Ly

L =L +L,; L =L,+L,

Where: L, -is the mutual inductance, L; and
L,are stator and rotor self-inductance, R;and R,
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are stator and rotor resistance, s and i, are
stator and rotor flux. From equation (1) and
equation (2) can be written as:

SN U T
* ol * oL, @
ids = i!//ds _ivldr

oL, oLlL,
S SIS O ©
T TGLL oL
idr :_il//ds +_l//dr

oLlL, ol,
O.:Ler_Lfn

L.L

3. Designing of PI controller

There are many methods to determine the
parameters of the PI controller (Proportional-
Integral controller) (Johnson, M.A, 2005). This
paper describes the methos of parameter
caculation of PI controller using Butterworth
technique (Gaber El, 2016). From the RSC and
GSC control structure of the DFIG generator, we
build the relationship function between the PI
controller parameter and generator parameter.
In the case using Butterworth polynomial to
optimize the closed loop eigen value locations
(G. Dong, 2005). The Butterworth method
locates the eigen values uniformly in the left-
half s-plane on a circle with radius ®,, with its
center at the origin as shown in Fig 2. The
transfer function to a second order
denominator of the Butterworth polynomial
method is expressed as:

p? +2w,p+ @2 =0
Where:p=%.

4)
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Fig 2. Pole locations second order denominator
for Butterworth polynomial

The PI parameters are determined by
comparing the coefficients in equation (4) with
the denominators of the corresponding transfer
functions and then choosing appropriate o.
Where o is the bandwidth of the controller,
which depends upon the design value.

3.1 Design of the RSC controller

The control structure involves of inner loop
and outer loop in which the inner loop regulates
the d-axis and g-axis rotor components, iqr and
igr independently and the outer loop regulates
the stator real power and reactive power
autonomously. The stator voltage orientation
control principle for a DFIG, where the g-axis of
the rotating reference frame is aligned to the
stator voltage: vy = 0 and vys =V In this study,
the g-axis flux is regulated to zero (ygs= 0 and
was =), for the control of active and reactive
power as described below.

p +& =W, + RL, +V,
l//ds O'LS l//ds el//qs O'LS L,» l//dr ds
Ly ()
nyds = we':”qs + —Ll)”dr + Ve
1 L
l//qs ;e Vs O'LS Lr Var _Vqs
Where:
lys *
O-y/qs = KPI//S +_(l//qs l//qs)
(6)
O-y/qs = KP(//S +ﬂ(l//;s _l//ds)
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Equation (6) is the output value of the
controller PI. The PI parameters are determined
by comparing with the Butterworth polynomial
which is described in the below section, are
given as:

K, . =20 R
Pys ° oL

S

Q)

_ o2
Kl.,/s =,

If neglecting frictional losses then:
P
w =—(T -T ®
p r 2J ( m e)
Where: Tn is the mechanical torque and is

given as:
T = Koo V2 9
Where Kot (R/2Xop) *pA.Cp-max-Korp 1
constant if the wind speed (V) is more than the
rated speed, then Ty, is given as: Tm = Pax/®ase.
equation (8) can be re-written as:

2J

F pa)r = (Tm _Te) =0y = Kwr (0): _a)r) (10)

Where K. is the PI controller for rotor speed
controller, given as:

Kwr :[KPwr + Klwrj
p

From equations (8), (9) and (10) given as:

% pa)r = [KPwr + Kl;wr ja): _[KPwr +%jwr
P
o, E( pKPPwr + Klwr)
Cl): pz +p pKPwr I:’Klwr
2] 2] (11)
Substituting yqs = 0 in results in equation (12)
3 .
Te = El//dslqs
(12)
L
s = —Ilqr

Substitution of equation (11) into equation
(10) and in combination with equation (12)
results in:

(13)
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Now, the stator active and reactive power is
given as:

3 . 3
Ps = 2( qslqs +Vds|ds):_2 tﬂ Vqslqr (14)
3 3 .
QS 2 (Vq5|d5 Vdsqu ) 2 Vqslds (15)
Substituting vy in equation (15) gives:
3 .
Q 2 (Rslqs + a)el//ds + qus ) Ids (16)

Assuming constant stator flux, neglecting the
stator resistance and substitution igs given as:

o, L,
= 17
PQ, 2 oL L Vg W (7)
Solve equation (17) we get:
3w L, .
pQ = 2 L L V/ds [Vdr erdr +(we wr)'//dr]

o, L, _ (18)

Q :_EO'LS L V/ds [Vdr erdr +( )O-leqr:|
Vst = GQS = KQS (Qs _QS)

20L.L,

3w,L,

Where: V =

; Kos is the PI controller

for stator side reactive power controller, given

as: Kqs = (Kp.gs + (Kiqs/p) substituting equation
(18) we get:
1

QS_ *(pr Qs+KI Qs) (19)
Q: - F’ QS KI SM_Qs

+ _

pP+p—— v
From equatlons (17) and (18) gives:

o 1 . O
i =E|:Vdr +(o, -, )oLi, +—=| (20)

r ds

Can be seen that: Ps and Qs are proportional to
igr and igr. But (we- @r)oLigr in equation (20) is
very small so its effect is negligible. The rotor
current can be regulated by means of rotor
voltages. The relation between rotor current and
rotor voltage is obtained by substituting values of
yar and g respectively, and further
simplification yields:
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. . Lm i
Vo = Ry oL ply, + (EV/ds +0Lr|drj 1)

Vor = erdr +O-Lr Pl _a)sIGLrIqr

Where: ®g = (®e-0r) va 6 = 1-(Lm2/LsLy)

Equation (21), there is the term including iqr
in the g-axis equation and there is the term
including igr in the d-axis equation. So these two
equations are coupled and the traditional linear
controllers cannot be used. Therefore, through
the exact linearization method, these equations
can be linearized by putting the terms other
than the currents control to one side.

: : L, :
erqr + O-Lr plqr = Vqr - a)sl (E l//ds + GLrIdrj (22)

wy(oLi,)

Then the currents can be regulated by linear
controllers, in which:

{aqr =R, +olL,pi,
Oy

The idea behind this is to use the linear
controllers thatinclude integrations to calculate
the derivative terms. And the nonlinear
equations become linear when all the nonlinear
terms are moved to the other side of the
equations. Then the q and d-axis voltages are
calculated gives as:

Rridr +O—Lr pidr =V

(23)

= Rridr + O-Lr pidr

* Lm -
Vq, = Uqr + oy Tl//ds + GLrIdr
S

(24)
V:, =04 — (O-Lr qr)
With ig and igq- current control loop from

equation (22):

Vg = Ridy + oL, piy, =(R, + oL, p)i,

(25)
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V:ir = Rridr +0Lr pidr = (Rr +0Lr p)ld

Kol -
Vor = [KPq +ij<idr _Idr)
p
K K
(Rr+aLrp)dr—[K + plqj'”f [K + r;qjl‘"

Then the transfer functions between the
reference and actual currents are changed to the
following:

(26)

1
iq_r_ O_T(prq"er) (27)
i 1 1
ar I(Rr ) L KIq
1
iy _ I( PKoa + Kg ) (28)
- 1 1
Idr 7(Rr +KPd) L Kld

Comparmg denominator equation (27),
equation (28) with Butterworth second order

90

@r

Q;

¢>'4

Qs

‘w&ﬂﬂ

polynomial p2 + V2wowp + ®owr2, PI controller
gains are obtained values:

Kp, =Kp, =v2m,0L, R,
Klq = Kld

=oL.&}

Here @¢ is the bandwith of the current
controller, which depends upon the design value.
Similarly, comparing denominator of equation
(11) and equation (19) with Butterworth second
order polynomial Butterworth p2 + \2wowp +
®owr, PI controller gains are obtained as:

KPwr = \/EwOwr F

(29)

(30)
KIwr = wz E
KP_QS = \/EG)OQSV (3 1)
K, gs = Vb,
Vpe
iy

[-%

qa />
—

Bl

laber

abe

¢ esr

abe

didt |
I

Was
< [
-« -«
Wds
Q: Caculation |
:4

esr ’ es Vabe
=&

labe

dq

Vabe

" WVads

Fig 3. RSC control scheme

3.2 Design of the GSC controller

The control mechanism of GSC which controls
the voltage across the capacitor and reactive
power exchange between the converter and grid
is V¢ reached by controlling the d axis current
(i) DC voltage dynamics in DC-link is given by:

CpV,e = j(M +Mdrid,)+%(Mdfidf+MQf|f) (32)

ar-qr
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Where: C is the capacitance, Mg and Mg, are
g and d-axis modulation indexes of RSC and Mg,
Mg are q and d-axis modulation indexes of GSC,
respectively. Equation (32) can be rewritten as:

CpVpc =0pc =Kie (VI;C _VDC) (33)
Where Kic is the PI controller for DC-voltage

control given as: Kpc = Kp.oc + Kipe/p. From
equation (32), equation (33) gives as:
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ere N is the transformer turns ratio
LKy o K o) Where N is th f i
Voo  Cpe o 0 tre (34) connected between GSC and stator. Substituting
Vi b4 p Kooe , Kine equation (37) into equation (39) gives:
Co. | Co VRV,
PQy Var =Rl + @ Lyly
Comparing denominator equation (34) with 2N L, (40)
Butterworth second order polynomial pz + : :
I'pQ; =(v4 —Riiy +a,Liiy )=
\2mopcp + wonc2, PI controller gains are PQ, ( o " elar ¥ B q') %o
obtained as: Where:
r=2N.L, /3,
Kp_pc = ‘/EG)ODCCDC (35) { f X (41)
K\ _be = @pcCoc TPQ =0g =Kq (Qf _Qf)

Where wo.pc is the bandwidth frequency of
the DC-voltage controller. From equation (32):

- 4 3 . .
qu ZM(GDC _Z(Mquqr-i_Mdrldr))_ (36)

df -
Idf

qf

} Q Caculation

Fig 4. GSC control scheme
Converting the voltage equations to the dq
frame of reference:

V,

Vg = Ryly + L piy +o,L Ly +ﬁ: M % 37)
. . Y/
Vg =Ryly + L Ply —@, L Ly =My %C

Since the g-axis of the rotating reference
frame is aligned to the stator voltage i.e. vas= 0
and as vgs = Vs. So, the GSC supplied reactive
power to the grid is controlled using d-axis
current.

3.,.

Qf =mvsldf (38)
V., .

pr :2_l\s| Py (39)

Vi
40 /1 e L
— |
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Where Kq is the PI controller for reactive
power supplied by GSC given as: When equation
(41) can be re-written as:

1
Qf FpKPQ, +K|Qf

Koy Ko
I I
Comparing denominator equation (42) with
Butterworth second order polynomial p? +
V2m0gip + @ogi, PI controller gains are obtained
values:

(42)

Q;

P>+ p

KPQf = \/Ea)OQfF (43)
KIQ, = a’ozofr

Where woqr is the bandwidth frequency of the
reactive power controller. From equation (40):

-k 1 -

loe = R_(Vdf +o,Lily — oy ) (44)
f

Equation (37) give the inner current control

loop for the GSC control.

Rely + Ly Piyy =Ky (i =iy ) =0 45)
Rilg + L iy = Ky (i;f —lg )= Ot
Then, equation (37) can be written as:
M —[0' +o,L; L +Vﬁji
qf qf e —f —df N VDC (46)

M Z(O-df —o,LLy )Vi

DC
Equations (45) and (46) give modulation
indexes which are the output of the converter. K¢
and Kgr are PI current controllers for q and d-axis
currents, respectively.



A
N
F%

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA

(MEAE2021)

2021
qf df P1 D
From equation (45) can be written as:
1
. r( PKe, + K|1)
o _ f (48)

ioopt+ pLi(Rf + KPl)JrLi Kiy
f f

Can be seen that: in order to maintain the
operating quality of the system, the appropriate
control parameter canbe selected, those
parameters can be adjusted accordingly as
required. On that basis, the author has selected the
controller parameters by the Butterworth
polynomial method to optimize the parameters in
the closed loop. Because the system is nonlinear,
the transfer functions depend on each other,
depending on the generator parameters. When the
operating process changes, the controller
parameter changes. Equations: (7), (29), (30),
(31), (35), (43), (47), (49) are the basis for
determining the parameters of the PI controller
according to the generator parameters.

When the generator parameters change, the PI
controller parameters also change, the manual
calculation will not keep up with the response of
the generator. This paper will use the value of the
PI controller parameters according to the objective
function of the deviation error e(t) by the CRO
algorithm published by us (Cong, C.N,, etal,, 2019).

4. Simulation results
4.1. Research model

The research model is a wind farm with
consisting of 3 wind turbines, each with a
capacity of 1.5 MW (using DFIG) connected to a
22KkV grid, schematic diagram as shown in Figure

5.
22kV
R
( A) \A/:'
N RN
3,3kV NS |}
N .\_)‘:__/’

110kV

J° ),69Kk!
Back-to-back converter  ~ 007KV

Ul

RSC DO gink GSC

£

DFIG

Fig 5. Research diagram
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Comparing denominator equation (42) with
Butterworth second order polynomial. PI
controller gains are obtained values:
{Km = ‘/Ea’oc L —R;

K, = oL,

From there, the author sets up the control
diagram on the grid side, shown in Fig 4.

Fig 5 shown the structure of the DFIG
generator, in which the conmonents of mode
are built by using Neplan software. This
generator has a rotor connected to the grid
througth “back-to-back” converter, the rotor
terminal voltage is 3.3kV, the DC-link voltage is
1.15kV. The GSC with an output voltage of
0.69kV is connected to a three-winding
transformer (3.3/0.69/22kV).

From here, the capacity of the wind farm will
be supplied to the grid through a 22 kV cable
line (10km), connected to the transmission
power system through a substation (20MVA)
with 2 transformers, each with a capacity of
10MVA (without On Load Tap Changer). At the
22KV busbar there is alocal load with a capacity
of 45MW+j2.5MVar.

(49)

Base on the method of determining the value
of the control parameter set presented, the
author determined the Kp, K values for the DFIG
generator. The value of the control parameter is
used from the results publishsed in (Cong,
C.N,2019). These values are the basis for
evaluating the working status of electrical
machines through the parameters of voltage
quality of the DFIG system working in different
conditions of the power grid. The purpose of the
simulation is to test the response of control
parameters to some power quality indicators,
generator and grid parameters.
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] Pz

Fig 6. Diagram of eletrical s;qtem in Neplan

There are two case studies:
e  When the system works normally

e When the wind speed changes

4.2. When the system works normally

To evaluate the ability to maintain stability
of the wind turbine, assume that the wind
turbine equipment is operating with a wind
speed of 12m/s. Fig 6 is variable speed
describes and power application of turbine
wind. It can be seen that: in normal operation,
the turbine's speed reaches 1.08pu and the
wind turbine's active power reaches 0.8pu,
achieving a stable value after about 2.4s from
startup. The DC voltage response at the
converter described in Fig 7 is considered
stable, maintaining around 1.15kV value. This
stable value is of great significance when the
parameter Kp, Ki is reasonably calculated under
different operating conditions, to ensure that
DFIG operates stably when the grid has
fluctuations.

v
Y
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Fig 8. Response DFI G generator power

Fig 9. Respone Voltagé amplitude of stator

Under normal working conditions, DFIG do
not consume reactive power but on the contrary
the stator (Q1) and rotor (Qz) sides also provide
a significant amount of power to the grid,
respectively 0.09pu and 0.05pu (Fig 8). The
generator stator side voltage amplitude
response is maintained at 1.01pu (Fig 9).

4.3. When the wind speed reducing 10m/s

When the wind speed decreases, according
to the wind turbine power characteristics, the
generating power of DFIG will decrease
accordingly. Fig 10 depicts the evolution of
rotor speed and turbine power as the wind
speed changes. It is easy to see that, with the
decrease in wind speed variation, because the
wind turbine is operating at a wind speed lower
than the rated speed, the rotor speed is stalled,
with a reduction from 1.1pu down 1.07pu,
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meanwhile, the turbine's mechanical capacity

tends to increase in the early stages to
compensate for the shortfall in energy.

Fig 10. Rotor speed a}id turbine power
response at wind speed 10m/s

Fig 11. DFIG genera tohlL power response at
wind speed 10m/s

Fig 12. Response active and reactive power at
the converter (rotor side)

1 d

Fig 13. Response DC-link “Voltage
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Fig 14. Response voltage deviation angle of
generator side

Fig 15. Response voltage ang current on the d-
axis of the generator

Thus, when the wind speed decreases, the
operating parameters of the DFIG system also
change. In case the value of Kp, K; is chosen
improperly, it will probably lead to the
operating quality of the system to degrade as we
have demonstrated in the article (Cong, C.N,, et
al. 2020). With the determination of the
appropriate set of parameters Kp, Ki keeping
track of the evolutions of the machine and the
power grid, the system still works with the
quality within the allowable range as simulated
in the 2 operating scenarios.

The evolution of active and reactive power at
the converter (rotor side) also fades earlier and
the amplitude of oscillation after stabilization is
smaller when using the optimal Kp, K
parameters (Fig 12). The DC voltage at the
converter also reaches a steady value earlier
(Fig 13). However, with the optimal value of the
controller established, the voltage on the d-axis
of the machine and the current on the stator-
side axis still reach stable values (Fig 14).
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5. Conclusion

The article has built the dependent
relationship between the control parameters
Kp, Ki of the PI controller and the DFIG machine
parameters through building the generator and
grid side converter structure. At the same time,
the paper also proposes a method to optimize
this set of parameters. The proposed method
has simplified the control structure. With the
given parameters, the simulation evaluation of
the grid-connected DFIG wind generator system
was performed for two basic scenarios to
evaluate the control efficiency of the system
under different operating conditions. The
simulation  results have shown the
effectiveness, the role of the adjustment
parameter in the PI controller according to the
different response when there is a change in the
operating mode of the system.

Butterworth technique is an initial tool that
allows to determine Kp, K; in the converter.
However, in order to determine them quickly,
the smallest static deviations need to apply
intelligent control methods. We have also
analyzed the effectiveness of this parameter set
in many other operating scenarios (when
problems occur). However, due to the limited
scope of the paper, we only present the above
two basic cases. Thereby, it is also possible to
know the role of the control parameter set in
improving the operation quality of the grid-
connected DFIG. Other operating scenarios, the
author will announce in the following study.
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Tir khéa:

Cham d4t mot pha, bao vé

chéng cham dat, dong thi

tw khong, ap thir tw khong,
pha cham dat

Thiét bi bdo vé chéng cham ddt mdt pha chon loc ttng dung IC s6 logic, tdc
déng theo theo nguyén tdc sé la phién bdn cta thiét bi bdo vé chéng cham
ddt mét pha dinh hwéng, tdc dong theo pha ctia dong thit tw khéng str dung
nguyén tdc xdc dinh huéng ctia dong thit tw khong so véi dién dp thir tw
khong & ché dj xac Idp khi cham ddt mét pha. Khdc véi thiét bi bdo vé chéng
cham ddt mét pha dinh hwéng theo dang twong tw (Analog) & ché do xdc ldp
khi cham ddt mét pha, thiét bi bdo vé chéng cham ddt mét pha dinh hwéng
theo nguyén tdac s6 phdn ting tikc thi véi ban chu ky ddu ctia dong va dp thir
tw khéong, vi thé tinh tdc dong nhanh cao hon nhiéu va mikc do chéng nhiéu
tot hon. Str dung cdc b bién déi tin hiéu dong dién va dién dp thir tu khéng
& dang twong tw thanh tin hiéu xung - s6 va cdc thudt todn xw ly tin hiéu
xung - s6 dé xdy duwng thiét bi bdo vé chéng cham ddt mét pha chon loc cho
lwéidién 6 - 10 kV trung tinh cdch ly trong cdc mé sé gidi quyét dwoc nhiing
nhwoc diém con ton tai cia cdc thiét bi bdo vé chong cham ddt mét pha
truyén théng trwée ddy. Bdo cdo khoa hoc nay dwa ra co sé va nguyén ly
hoat déng ctia Thiét bi bdo vé chong cham ddt mdt pha chon loc trng dung
IC s6 logic dp dung cho mang dién trung dp 6 — 10 kV mé hdm lo c6 nhiéu
khai hanh lam viéc song song.

© 2021 Trwong Dai hoc Mé - Dia chit. T4t ca cac quyén dwoc bao dam.

1. M¢é dau

hiéu qua doi voi lwdi dién cé cac thong sé mang
thay ddi lién tuc.

Thiét bi bdo vé chong cham dit mot pha dinh
huwéng, tic dong theo theo nguyén tic sd 1a phién
ban cta thiét bi bdo vé chong cham dat mot pha
dinh hwdng, tic dong theo pha ctia dong thw tw
khoéng stt dung nguyén tac xac dinh huwéng cua
dong thtr tw khéng so véi dién ap thir tw khong &
ché do6 xac 1ap khi cham dit mot pha (Bykcropos
B.®,; [lonsikoB B.E., 1987).

Thiét bi bdo vé chong cham dit mot pha dinh
hwéng theo nguyén tic s6 duoc st dung cho cac
lwéi dién trung ap 6 - 10 KV trung tinh khong n6i
dat.

Uu diém cha thiét bi bdo vé chdng cham dat
mdtpha dinh huwéng theo nguyén tic s61a st dung
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Ban thao bai bao glti dang trén Tap chi Khoa
hoc Ky thuit Mo - Dia chit dwoc thuwc hién theo
quy dinh duéi day.

2. Co' s& ly thuyét

Thuét toan logic ham chirc nang bao vé chong
cham d4t mét pha cda thiét bi nhw sau:

y(®) =y, ®).y_(t)
=[da, i, ).y, ®].[dT_i (t).y_©)]

da, ., =u,, 0] u,,t-AD |

1,—khi:u, , >u
u =
"9 0,—khitu,, <u
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1 —khi:

0,—khi ;i

trong do:

y(t), y+(t), y-(t) - tin hiéu ra tai thoi diém t;

u+(-)(b), i+(-)(t) - dai lwgng vao tai thoi diém
t irng véi cac niva chu ky dwong va am;

u+/-(t-At) - cac tin hiéu vao xét tai thoi diém
trudct;

d - thuét todn chuyén tiép;

du, - tin hi¢u xung xudt hién tai thoi diém

. +( ) —
L=
Lo s

chuyén tiép tir gia tri logic 0 sang gia tri logic 1; u,
i, cAc gia tri nguwdng dién ap va dong dién cho
trwére.

3. So’ @6 khoi chirc nang ctia bao vé

2

Hinh 1. So d6 khéi chire ning cla thiét bi bao vé :.hun s cham dit
mét pha dinh hmms_ theo nguyén tic sé

Sor d6 khoi ciu tric cda thiét bi bao vé chdng
cham dat mot pha chon loc &ng dung IC logic ki
thuit s6 (hinh 1) gbm: 1-bién dong thit tw khong;
2-bién ap thir tw khong; 3, 4- khéi bién doi tin hiéu;
5,6- phan tir ddng d4u (so sanh bang); 7,8- bo tao
xung hep; 9,11,13 phén tirlogic OR; 10,12-phén t
logic AND bé xung;14-khéi dau ra.

Kh6i bién d6i tin hiéu 3,4 ¢ chirc ning bién déi
tin hiéu dong va ap thit tw khong dang nira séng
sin thanh chudi xung vudng, 6 rong bing véi nita
chu ky ctia chiing. Cac phan tir logic 5,6,9-13 va b
tao xung hep 7,8 dwgc xay dung tir cAc mach vi
dién ttr.

Cac phan tr 9, 11 va 10, 12 c6 chirc nang nhw
mot mat nhé tam thoi.

Thiét bi bdo vé chdng cham dat mot pha dinh
hwdng theo nguyén tic s6 hoat dong nhw sau. Khi
cham dit mét pha trong viing bao vé, tin hiéu dong
dién thi tw khéng 3io xuat hién trwdrc. Sau khoang
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thoi gian % chu Ky, trén hai cuc ciia may bién ap
thir tw khong HTMH xudt hién tin hiéu dién 4p thi
tw khéng 3uo. Tai ctra ra clia cac bd bién doi tin
hiéu xu4t hién cac day xung vudng cd tin s6 bang
100 Hz. Tai clra ra ciia phén t&r d6ng dau 5, 6 c6 tin
hiéu khi va chi khi dong thi c6 hai tin hiéu: 1-xung
vudng dong thir tw khéng va xung hep tir b6 tao
xung hep 7, 8. Khi ¢6 tin hiéu tai ctra ra cia mot
trong hai phan tir 9 hay 11, kh6i thira hanh cudi 14
tac dong, glri tin hiéu cat may cit dé cat nguon tai
khéi hanh c6 cham dit (Huynh Dac Thang, 1994).
4. Nguyén ly hoat dong ciia bao vé

Khi cham d4t mot pha bén ngoai viing bao vé,
thiét bi bdo vé chong cham dit mot pha dinh
huwéng theo nguyén tic sd khong tac dong do cira
ra cia khéi dong dau ludn co tri logic 0.

Nhw vay, thiét bi bdo vé chong cham dat mot
pha dinh hwéng theo nguyén tic s6 chi cho tin
hiéu ct may cit khi va chi khi tin hiéu dong thi tw
khong luén vuot truwdc pha clda dién ap thi tw
khong (Bykcrosipos BICIL‘ Myukui B.U., 1999).

Hinh 2. So d chu tric cha thiét bi bao vé a:h(;mg cham dit mét pha dinh hwdng sit
dung IC so

Hinh 2 la so’ @6 thiét bi bdo vé chdng cham dat
mot pha dinh hwéng theo nguyén tic s st dung
linh kién cach ly quang dién ttr. Thiét bi nay xac
dinh kh&i hanh cham dat theo nguyén tic so sdnh
dong dau cda hai dai lwong dong va 4p thi tw
khong & ban chu Ky dau tién. Trong so d6 ciu tric
cuda thiét bi gbm nhirng b6 phan sau: khoi khuéch
daiva cach ly tin hiéu vao A1, A2; khoilogic A3, A4;
phan tir ddo A5,A7; di 6t va tu dién C; Trigger dém
T; bd khuéch dai cong suit cudi A9 va ro le thira
hanh K.

Thiét bi hoat ddng nhw sau. Khi cham dit xay
ra trong ving bao vé, tai ctra ra cia khéi khuéch
dai tin hiéu vao A1, A2 c6 tin hiéu, khéi logic A3 sé
hoat dong khoa lién dong phan tir A4. Dong thoi
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tai thoi diém nay xuat hién tin hiéu & dau vao khoi
dong dau A6. Khi dat ngudmng U, phan tir A4 van
khong tac dong khi van con tin hiéu khoa tir A3.
Khi phan t&r A5 hoat dong, do c6 tin hiéu vao tac
déng, clra ra ciia né dwa tin hiéu dén A6, A7 va
trigger A8 d€ 1at trang thai cua trigger A8. Két qua
bd khuéch dai cong suit cudi sé cip dién cho ro'le
K, ro le K s& dwa tin hiéu cit may cit.

Khi cham dat ngoai viing bao vé, phin tir A3
khong tac déng vi dau cta hai dai lwong dong va
ap th tw khong nguwoc nhau, phan tir A6 khong
tac dong, trigger A8 khong 14t trang thai vi thé
thiét bi khong giri tin hiéu ct may cit.

Phan tir A7 cung véi di 6t va tu C cho phép so
d6 tw dong tré vé trang thai ban dau khi sw c6
dwoc khic phuc.
5.Két luan

Khac véi thiét bi bao vé chong cham dat mot
pha dinh hwéng, tic dong theo pha ctia dong thir
tw khong st dung nguyén tic xac dinh hwéng cia
dong thit tw khong so véi dién ap thir tw khong &
ché do xac 1ap khi cham dat mét pha, thiét bi bao
vé chéng cham dit mét pha dinh hwéng theo
nguyén tic s6 phan trng tirc thi véi ban chu ky dau
cta dong va ap thi tw khong, vi thé tinh tac dong
nhanh cao hon nhiéu, vi thé tinh tic dong nhanh
cao hon va mitc dd chéng nhiéu t6t hon. St dung
cac bd bién doi tin hiéu dong dién va dién ap thi
tw khong & dang twong tu thanh tin hiéu xung - s6
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va cac thuit toan xtr ly tin hiéu xung - s6 dé xay
dwng thiét bi bdo vé chéng cham dat mot pha chon
loc cho lwéi dién 6 - 10 kV trung tinh cach ly trong
cac mo sé giai quyét dugc nhirng nhwoc diém con
ton tai cia cac thiét bi bao vé chdng cham dit mot
pha truyén thong trwdc day. Bao cdo khoa hoc nay
dwa ra co s& va nguyén ly hoat déng cta thiét bi
bao vé chong cham dat mot pha chon loc tng dung
IC s6 logic 4p dung cho mang dién cao ap 6 - 10 kV
mo c6 nhiéu khéi hanh lam viéc song song.
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proposed for their Ward Leonard drive systems. In this paper, Hybrid
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Simulations with MATLAB Simulink for the electric shovel hoisting
controllers were implemented and compared with conventional PID
controller. Simulation results show that control quality of the hoisting
drive is improved with the Hybrid Fuzzy-PID controllers.
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1. Introduction

Soviet Union shovel excavators (EKGs) have
been put into use in Vietnam mining industrial
since 60s of the last century. Since then, they have
played a very importance role in mining
companies. There are many types of EKG shovel
excavators have been used for extraction and
loading in open-pit mine. They were imported
from Soviet Union in early and Russia in recently.
The EKG excavators in Vietnam concentrate in
some medium types which have buckets from 4-
10m3: EKG 4,6; EKG 5A; EKG-8I; EKG 10.

The number of the EKG shovel excavators in
Vietnam is about several hundreds. They are
located mostly in open-pit coal mining companies
like Cao Son; Coc Sau; Deo Nai; Ha Tu; Nui Beo...
and in several quarry-mining companies, (Dac
Tao, 2011).

Although the electrical systems of those
electric shovels are old with many working
problems, the mechanical systems of EKG-8Is are
still working well. This situation is the same with
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many other electric shovel system all over the
world. For that reason, there are many practical
research to revamp and renovate the old electric
EKG5(RATHMANN, 2009), (Rathmann, 2015),
(Systems, 2009). In the research, there are several
solutions to revamp the antique Ward Leonard
control systems in old electric shovels. The
systems are totally replaced by ABB AC drives.
This solution is apply successfully in BE295 BI],
BE295 BIII, EKG-5, BE395 BI shovels, which
belong to Mexico, Brazil, USA, Isarel, Germany,
Chile companies(Rathmann, 2015). To reduce
renovating cost and keep mechanical balance for
electric shovel, only excitation circuits of DC
generator and DC motor are replaced. The power
semiconductor converters are proposed to take
over from magnetic amplifers in excitation
circuits. These proposals are analysis and
compared in (Bus & Mg, 2007), (Systems, 2009).

With the help of proposed control drives,
electric shovels can respond faster with reference
signals from the drivers. However, it requires
research to optimize control characteristic. In
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conventional control, the proportional-integral-
derivative (PID) is used to regulate electric motor
because of its simplicity, applicability, and
reliability. In complex and non-linear systems,
Fuzzy Logic Control (FLC) is a better selection
than PID control. The main advantage of this
method is, it does not require precise
mathematical models of the plant (Shaker & Al-
Khashab, 2010). FLC is also good at broad range
of operation system (Hu et al,, 2019) and userful
in power optimization system(Kholid et al,
2019).

In this paper, we propose a solution to revamp
the excitation system of Vietham common electric
shovel EKG-8I. With suggested system, a FLC
control algorithm is implemented and simulated
to compare with conventional PID control.

2. Proposed control drive system

In EKG-8I electric shovel, there are four main
control drive system. They are Hoist drive, Crowd
drive, Swing drive and Propel drive. In Vietnam,
all EKG-8Is are working with DC drive systems.
Each DC motor is controlled by a DC generator. DC
generators supply regulated DC voltages, which
are adjusted by exictation currents with constant
speed rotors, to control the motors (Ward-
Leonard structure Figure 8).

Synchronous
Motor

N A
G-Exciter

Control G
0 0 O

Figure 8. Ward-Leonard structure

In EKG-8], the excitation currents are still fed
by magnetic amplifier rectifiers (MAR). The MAR

M-Exciter
Control M
0 0 0

circuit diagram is shown in Figure 9. The
disadvantages of this old MAR system are size,
complicated circuit, slow response time, output
offset. Because of magnetic circuit with iron core
and copper coils, the MAR has a big size and heavy
weight. The complicated connection makes it is
difficult to repair, maintain and adjust. The
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controller also has slow respond because of
magnetic amplifier characteristicc. Magnetic
amplifier alo drifts its working point when the
system temperature changing after a period of
work.

Yyy £i
g 5
i;’f A )

Figure 9 Magnetic-Amplifier rectifier

From those disadvantages, proposals to
replace MAR with sermiconductor converters
based on Thyristors and IGBTs are mentioned in
(Bus & Mg, 2007). IGBTs'converter has some
advantages over the Thyristors one. Hence, it is
proposed to renovate the exciter of DC motor and
generator. The exciter is an IGBT converter with
DC voltage in and Chopped DC voltage out (DC-DC
converter Figure 10). Using chopped frequency of
20-25kHz, the suggested exciter can give out very
fast response in compare with MAR and
Thyristors converter.

< 22IN0S Woi4 9g >
Yl
1

[ vDC

Figure 10. IGBT DC-DC converter
3. Mathematic model of drive system

The Ward-Leonard drive system uses two DC
machines, one DC genrator and one DC motor, in
it's structrure. The generator output voltage is fed
to the motor to control load output speed Figure
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8. That structure can be described by an
equivalent circuit shown in Figure 11. The
mathematical model of the Ward-Leonard drive

inductances and resistances of generator field
circuit and machines armature circuit; K, K, are
gain factors of generator field circuit and

generator electromotive force (e.m.f); C. is gain
factor of DC motor; uref is reference control

system can be described as follows.

® ®

Figure 11. Ward-Leonard equivalent circuit

Lug Ry Ry Lo voltage; ® is motor rotating speed; Js is inertial
Lo = Lag + Lam R.= Rag + Rum moment of DC machines; M is subtraction of load

moment from motor moment.

Using the system of equations (1), block
diagram of Ward-Leonard is presented in Figure
12.

4. PID control

eg:K(I)f(i)f :Kgif en=C.m

di R K Result from the mathematic model above, a

f_ i+ f u control structrure with three loops was

d L. f L. ™ implemented for the IGBT exciter Ward-Leonard

f f system. Each loop is regulated by a P or PI

dig Kg . Ra. Ce controller. The. inpermost control loop .is the

at :L_If —L_la—L—CU (1) generator excitation current loop with PI

a a a controller. The middle control loop is the

do 1 machines armature current loop with PI

E - J_ controller. The outer loop uses a P controller to
) regulate speed of the DC motor.

Where i;, i, are generator field current and
machines armature current; Lg Rg L, R. are

C}: ¢
Exciter Generator Amature
”ra' M !
K, /R, X, - | g, P
g Ts+1 g Ts+1 Ts+1 > S '_? g J, o
M,

Figure 12. Ward-Leonard block diagram

Ward Leonard System

Integrator  K_i
Limited

i mi

™ May phat TE Tuthong BH

“Tac do

1-D T(u)

Electrical, Mechanical Limitation

73

Figure 13. PID control diagram
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In the armature control loop, a structure to
make the drive system working within electrical
and mechanical limits is implemented. It helps
the system to generate electric shovel
characteristic. When the shovel meets a heavy
load (for instance hard rock), the drive system
will rapidly collapse to stall current (2-2.5 normal
current). The control structure simulated in
Matlab Simulink is depicted in Figure 13.

To get the control ability with PID control, a set
of EKG-8] parameters is used to calculate
parameter values of blocks in the Simulation
diagram. P and PI controllers are designed by
using diagram parameters and conventional
magnitude optimum method.

Table 2. EKG-8I hoist DC machines

Parameters ImaM- | Alld-
155- 82A
8K

Power (Kw) 500 190

Norminal voltage (V) 560 270

Norminal curent (A) 895 760

Norminal speed (rpm) 1000 740

Pole pair 3 2

Armature resistance (Q0) 7.5E-3 | 3.1E-3

Field resistance (Q) 0.96 3.5

The calculated parameters are set to the
Matlab simulink diagram and simulations are
implemented. In the first simulation, motor speed
issetto 100% of normal speed. Load torque in this
case is set to 100% normal load. Simulation
results are motor output speed and armature
output current presented in Figure 15 and Figure
15.

In Figure 15, simulation output speed of the
motor is stable after a response time of 1.5 second.
The output current of DC motor is also limited by
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electrical and mechanical limitation. After a peak
of about 16004, motor current is cut down within
the shovel characteristic curve. The simulation
results present control ability of proposal system
with P, PIs controller.

80

70

Speed (radfs)

H H H I
1 2 3 4 5
Time (s)

Figure 14. PID Motor output speed

1600

1400

1200

1000

Armature current (A)
)
8

Time (s)

Figure 15. PID Armature output current
5. Fuzzy-PID control

As mentioned in many previous research,
conventional PID controllers normally produce
large overshoot, undershoot, and settling time.
This is because the conventional controllers adopt
fixed and static parameters such as scaling factor.
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Speed controller Current controller Voltage controller
-

Figure 16. Proposed Fuzzy-PID control structure

Controllers : Ward Leonard system
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“Dev_3 kot2

ko

Figure 17 PID-Fuzzy control simulink diagram
To improve control quality, PID-Fuzzy output range of these parameters are determined

A

controllers are suggested in generator e.m.f and following (Zhao et al,, 1993). Fuzzy algorithm is
armature current control loops Figure 16. In established by setting rule and signal range in
generator e.m.f control loop, Fuzzy algorithm is Matlab tool. The setting range and rule are

used to tuning K, K;, Kq of the PID controller. In
armature current control loop, the controller is
adaptively selected between PID and Fuzzy
controller (Hybrid Fuzzy-PID - HFP). The outer
loop is not chaned with P controller.

Based on the PID control results above,
parameters of PID-Fuzzy controllers are
calculated.

The generator e.m.f control loops is regulated by
a The Fuzzy algorithm is used to derive K, K;, Kq
from e.m.f voltage error and derivative e.m.f
error. The Fuzzy membership functions and
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presented in Figure 18 and Figure 19
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Figure 18.
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Figure 18. Graphic user interface for Fuzzy rule

a0
de,fdt e
X (input): el -kt ~ Y(npu) de bt~ Z(output): KDFC v
X grids: 15 Y grids: 15 Evaluate

Figure 19. Self-tuning fuzzy rule (Kq output)

The armature current controller is a
combination of PID controller and Fuzzy
controller. The output of each controller will play
the role of current control signal depend on the
current error and its derivative. In which, the
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Fuzzy controller is selected when the current
error is large. In contrast, the PID controller is
selected when the current error is small. The PID
controller use the calculated K, Ki calculated in
section 4. The Fuzzy controller is used a structrure
and membership functions present in Figure 20
and Figure 21. The Fuzzy rule uses current error
in range [-20, 20], derivative current error in
range [-150, 150] as two inputs and output in
range [-40, 40]. These input parameters are
established based on the range of error value,
derivative of error value which are collected from
simulations with PID controllers. The output
range is setting following the real excitation
voltage of EKG-8I electric shovel.

<
XX

de fdt

\ /

| FIS Name: luFC FIS Type:

And method am Current Variable

Or method Name uref
output

Range [40 40
| Help Close ‘
igure 20. Fuzzy current controller structure
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<P <Wel ¢
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SRS SRR
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78
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X (input): el ~ Y (input): de_l/dt ~  Z(output): uref v

X grids: 15 Y grids: 15 Evaluate

Figure 21. Fuzzy current controller rule



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA

(MEAE2021)

_________________________________________________________

---------------------------------------------------------

Speed (radss)

Time (s}

Figure 22. HFP output speed
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Figure 23. HFP Armature output current

A simulation is implemented with the diagram in
Figure 17 and control algorithm above. The
simulation is set with: Full load; 100% normal
speed (ur=10V). Results are shown in Figure
22 and

Figure 23. In Figure 22, output speed of the
motor with Hybrid Fuzzy-PID (HFP) controller
has a faster response (1.0 second). The output

armature current in

Figure 23 presents a better control quality.
The current is within the electrical and
mechanical limitation of the shovel. There is also
no high peak current as in PID controler result.

6. Conclusions

The paper presented a proposal that replaces
the old EKG-8I magnetic amplifier field exciter
with the new IGBTs DC-DC converter field exciter.
With very fast responding abiltity of the new
exciter, Hybrid Fuzzy-PID, Self-tunning Fuzzy PID
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control algorithms are suggested to regulate the
generator e.m.f control loop and armature current
control loop of the EKG-8I's Ward-Leonard
control drives. The control algorithms were
implemented and simulated in Matlab Simulink.
The proposed controllers were compared with
the ones of conventional PID controllers. The
simulation results presented a higher control
quality of the proposed controllers. That proves
the proposed the IGBTs conver exicter and the
combination of Fuzzy and PID controllers.

To renovate the old EKG-8I with the proposal
exciter and control algorithm, research with
practical experiments has to be implemented.
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INFORMATION ARTICLE ABSTRACT

Progress: The device of short circuit of fault phases when the ground-fault intermittently
Received 15/02/2021 occurs and self-restoring is to enhance power supply reliability, decrease the
Accepted 16/3/2021 number of line- fault interruption, increase residual voltage on a busbar, ensure
Published 29/6/2021 stable insulation without damage and reduce fault current. This article shows
Key words: power supply findings of researching and design a circuit of the earth- fault phase based on
reliability, ~ fault- phase the absolute value of the leading phase and fault phase. The simulation results
short circuit, the operating present that this designed circuit ensures fast, sensitive and reliable operation.
time; sensitivity and

reliability of the device. © 2020 University of Mining and Geology. All rights reserved.

1. Introduction

A single-phase earth-fault is the main type of
fault that often occurs in 6kV networks of open-
pit mines in the Cam Pha- Quang Ninh region,
accounting for 70%-+80% of the total number of
faults. According to statistical results show that,
in open-pit mines, the occurrence probability of
single-phase 6kV ground -faults fluctuates about
60-70 times/month or 700-800 times/year.

When the single-phase earth- fault happens
on the grid, there will emerge transient
phenomenon and overvoltage in the unfaulted
phases, considerable influencing on power
supply reliability, working ability, lifetime of
electrical equipments as well as causing grid
asymmetry [1][5].

When the single-phase earth- fault happens
on the grid, there will emerge transient
phenomenon and overvoltage in the unfaulted

phases, considerable influencing on power
supply reliability, working ability, lifetime of
electrical equipments as well as causing grid
asymmetry [3][4].

It is very necessary to study and select the
principle of determining the earth-fault phase as
a basis for designing and simulation a circuit that
automatically detects and connects the fault-
phase short circuit to ensure fast, sensitive and
reliable operation.

2. Contents and results

2.1. The principles of determining fault-phase
2]
The principles of determining the ground

fault-phase of 6kV network can be classified as
follows:
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a) According to the fault- phase voltage drop
(while the non-fault two phase voltage
increases);

b) According to phase difference angle
between fault -phase voltage and zero sequence
voltage);

¢) According to the absolute difference of
two electrical quantities, one is ahead phase
voltage, another is the combination of voltage of
the fault phase, behind phase and zero sequence;

d) According to the absolute difference of
ahead phase and fault phase.

Analysis of the mentioned principles can see
that, the principle a) has the disadvantage which
shows the sensitivity is not high (1+2kQ/phase
in the network with C=1pF); Principles b, c allow
selection of fault phase with higher sensitivity
but the complex structure; The principle d) has a
simpler structure with the least number of
elements and still ensures high sensitivity. The
content of principle d) is:

UV(A):‘UC‘_‘UA‘ 1)
Uy (B)=[U \[~|Ug| (2)
UV(C):‘UB‘_‘UC‘ (3)

The figure 1 is the block diagram of the
device according to the expressions (1), (2), (3).
This device consists of rectifier bridges 1, 2, dc
amplifier 3 containing RL relays, and 4,5 phase
splitters separating into three phase difference
voltages in block 6. Blocks 7,8 are also similar.

In the normal operating, the inputs of
rectifier bridges 1 and 2 (phase A) are
symmetrical voltages, rectified and compared in
absolute value, the input voltage
U,(A)=U. -U, =0. The blocks 7 and 8 are also

similar U, (B)=U, U, =0, U,(C)=U, -U, =0.

When a single phase earth -fault happens, for
example phase A, the symmetry of the phase
voltages is broken, the voltage into rectifier
bridge 1 will decrease while the voltage into
rectifier 2 will increase, as a result,

U,(A)
will cause the relay (RL) to operate while the DC
amplifier inputs of blocks 7 and 8 (for two
phases B and C, respectively) will have negative
values due to UB>UA, UC>UB, so the
corresponding relays do not operate.

=U. -U, >0, if enough voltage is true, it

Figure 1. The block diagram of the device
for determining fault- phase based on absolute
difference between the ahead phase and the
fault phase

2.2. Simulation of a circuit of automatic
detection and earth -fault phase short -circuit

a) Before the ground- fault happens

The diagram of the phase splitter and voltage
rectifier including three resistors and a
capacitance to generate DC voltage proportional
to phase voltage amplitude.

U, =U, sin(ot +y +120°%);
U, =U,, sin(at +y);
U, =U, sin(et +y —120°%);
The grid’s parameter 6kV:
- Insulated resistor: 365 k() /phase
- Capacitance: C = 0,2629 pF/phase

A voltage, 6kV through a low-voltage
transformer with a ratio N=300 generates a
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voltage of 20VAC per a phase. The transformer
has a primary winding and two secondary
windings, which generates 2 independent
voltages. Phase A is A1, A2; Phase B is B1, B2;
Phase Cis C1, C2.

Voltage A1 and C; are the input ones for the
voltage generating block Uv(A); Voltage B1 and
A2 are input ones for voltage generating block
Uv(B); Voltage C1 and B2 are the input ones for
the voltage generating block Uv(C).

The voltages Uv(A), Uv(B), Uv(C) through
the motive circuit consisting of 2 PNP transistors
transfer the signal to close the relay (block 3 on
the block diagram)

The schematic diagram of voltage generating
circuit, three-phase voltage of 6kV grid and
three-phase voltage after the low-voltage
transformer is shown in Figures 3, 4 and 5.

Mang fkY

T Tim) G
Maych ding Iye |7, ’&w

Mach tgo dign ap Ua Mach tgo din dp Ue

Figure 2: Circuit diagram of voltage

generating circuit Uv(A)
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Figure 3. Phase A, C voltage form after the
three-phase bridge rectifier
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Figure 4. Phase A, B voltage form after the
three-phase bridge rectifier

XY Pt Avna 2 TS

000 E
— sy
=

#0-

iy

v

a0 -

L POAANVAANAAAANVAAVANVAAAANN

B e —, ———— e — e~ |

510
m 1) a0 L1 o ]

Figure 5. Phase B, C voltage form after the
three-phase bridge rectifier

b) When a phase A earth- fault occurs

The three phase voltage after the low-voltage
transformer when the A-phase earth- fault
occurs shown in Figure 6.

o [ [ | Usba

o £ am e a ]

Figure 6. The three-phase voltage after the
transformer when the phase A earth-fault
occurs (Urms of phase A decreases from 20V

to4.7V)
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The voltage form of phase A, phase B and
phase C after three- phase bridge rectifier is
shown in Figures 3,4,5.

Simulation with the following cases: Change
the first phase angle of the grid’s voltage, change
the leakage resistance, change the capacitance of
the grid, the results are shown in Figures 7,8,9.

Dienap Uy

u(B)|”

Atghag ANSYS

am aw mm i oim mm o 1mm

i

Figure 7. The diagram of the ahead phase and
earth-fault phase voltage difference

(y =90, t< 4 ms)

b | X | ¥ XY Plot 14

Remark:
When the capacitapmce and insulation
resistance of the network are C @&

0,263 F/phase, R=364k /phase, respectively,
with a earth- fault resistance less than 11.46k
will ensure the essential sensitivity - the device
will operate reliably.

Detectable time of earth- fault phase when the
single-phase earth-fault through the resistor
1kQis t < 3ms.

The operating time of short-circuit
connection of earth-fault phase is t < 10 ms.

2.3. Design a circuit that automatically detects
and phase-to-earth short-circuit

Using automatic circuit design software
Altium Designer 18, according to the product
manufacturing and design process, the results
are shown in Figures 10,11.

Figure 8. The diagram of the ahead phase and
earth-fault phase voltage difference (R = 71.46
k( t =2.68 ms)

XY Flot 16
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T

Figure 9. the graph of Output voltage on the C-

terminal load of PNPZ2 when the grid’s

capacitance changes from 0.25 to 3 uF/ phase

Figure 10. The schematic diagram and 3D image
of the ground-fault phase detection circuit
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kb o ol o

Figure 11. The diagram of circuit principle
3. Conclusion

Based on the simulution results, the following
conclusions can be drawn:

The 6KV ground fault detectable device based
on the principle of the absolute difference of
ahead phase and fault phase has a simple
structure, sensitive ensuring, reliability and
quick action.

When the capacitamce and insulation
resistance of the network are C
0,263 F/phase, R=364k /phase, respectively,
with a earth- fault resistance less than 11.46k
will ensure the essential sensitivity - the device
will operate reliably.

Phase-to-earth detectable time when single-
phase ground fault occurs through a resistor

1k is t < 3ms.

The operating time of a phase-to-earth short-
circuit device is t < 10 ms.

The simulation results show that the circuit of
automatic detection and short- circuit of the
earth- fault phase meets the requirements:
sensitivity, reliability and yield fast.

The automatic short circuit protection device
helps to enhance the reliability of power supply
in the event of a ground-fault, instead of the
automatic backup closing device. Although the
residual voltage at the ground- fault position can
fluctuate in the range of 20-225V, the application
of a quick-acting shunt connected automatically
protective device to limit the fault current,
quickly recover voltage on the fault phases, do
not break the insulation in the remaining phases,

reduce the overvoltage at the time of ground-
fault (from 3-4 times to 2.08 times), extinguish
the sparks at the failure location, without
interrupting the power supply.
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In blasting, the physical - mechanical parameter of the rock in the blasting
area is important information. It directly affects the choice of solution and
blast parameter. Applying techniques and numerical analysis methods
using a database of shock waves after each explosion can help describe
somewhat the image of the geological structure of the explosion area.
This paper introduces a technique of numerical analyzing shock wave
data obtained from delay-time blasting to determine wave propagation
velocity. This is one of the parameters that indirectly describe the rock
physical - mechanical property. The results of experimental application in

Nui Beo coal mine area have confirmed the feasibility of the solution.

Copyright © 20201Hanoi University of Mining and Geology. All rights reserved.

1. Introduction

Mining blasting breaks rock’s structures, to
facilitate the process of mining. When an
explosive detonates, the sudden change
generates waves in the surrounding area
causes the ground to be vibrated. As the
vibration passes through the surface
structures, it induces vibration in those
structures. These shock waves can cause
several damages to the nearby structures or
surrounding rock mass. Rock strengths change
over both small and large scale. Geological
structures such as joints, bedding planes, faults
and mud seams cause serious problems.
(Charles H. Dowding 1984; Langefors U et al
1958). Therefore, the rock’s physical-
mechanical features are significant parameters
in designing blast and have a directly influence
on explosions effectiveness. The drilling of
blastholes provides information about the type
of intersectional structures at those holes. To
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enable the blaster to make enlightened
judments, when adjusting his blasting pattern
to compensate for rock structure, he must have
a through understanding of exactly how the
explosive funtions during blasting.

In reality, each type of rock in one area has
unique characteristics and irregular changes,
making the understanding of exactly of geologic
structures of one area become an impossible
mission. So, the execution of blasting always
contain experience factors and approximate
calculation methods.

The size of an blast is not the decisive factor
affecting the maximum particle velocity, but the
simultaneous explosives weight. To reduce the
seismic wave, the explosion is divided into
several smaller explosions using the delay time
with a difference of 1/1000 s. Another method
for this issue is to arrange the explosion so that
the blast wave collides with each other to self-
destruct the vibration. An electronic
differential detonator with a capability of
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regulating the delay time provides flexibility
when controlling the explosion direction,
leading to the reduction of vibrations and the
increase of breaking capacity. However, the
implementation process can not be relied on
the theoretical calculation.

The released energy from the blast point is
represented by the level of ground vibration
and the peak particle velocity of vibration wave
which spreads in all surrounding directions. If
the ground is homogeneous and the energy
transmitted in all directions is the same, the
vibrations in all directions would be equal.
However, in fact, the propagation of vibrations
is not ideal due to changes in the earth's
structure and changes in the vibrations in
different directions.

The seismic wave propagating from the
blasting point is composed of three
components: a P wave (pressure wave or
longitudinal wave), an S wave (shear wave) and
a Rayleigh wave. Its speed varies in the range of
between 1000 and 20000 feet/s depending on
the working area. The P wave gives the highest
breaking effect and the propagation velocity of
the P wave (Vp) is also the greatest. In some
cases, Vp=2Vs and it is almost the same for all
areas (Vs is the propagation velocity of the
shear wave). That is the basis to reduce the
impact of blasting vibration by using delay time
(Calvin J. Konya et al, 1991).

2. Analytical basis

Assuming that, there are two explosives at
two points in a homogeneous environment: A
and B (Figure 1). The distance between these
points is a (metre). The explosive at point B
explodes after point A with a delay time of AT
miliseconds. At the measuring point C, the
measuring device receives two peaks of shock
wave at two explosion times, corresponding.
There are a few cases:

- Point number 1: CA = CB; two peaks of
wave are independent; the time from one peak
to the other is approximate AT, as described in
case (1). In this case, it is not possible to
determine the wave propagation velocity.
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- Point number 2: CA > CB; two peaks
appear at the same time, almost, as described in
case (2). In that, the propagation velocity is
determined by the formular:

(CA-CB)/ AT.

- Point number 2 or 3: CA # CB; two peaks
of wave are independent; the time from one
peak to the other is At, as described in case (3)
or (4). The propagation velocity is determined
by the formular:

|CA - CBJ| / |AT - At|.

- Point number 2: CA - CB = AB = a (m); two
peaks of wave are independent; the time from
one peak to the other is At, as described in case
(3) or (4). The propagation velocity is
determined by the formular:

a/ (AT - AY)

Figure 24. Theoretical basis for calculating the
propagation velocity of shock waves

In reality, the rock of explosion area is not
uniform. That changes the propagation velocity
of the shock wave. However, because of some
following reasons: The propagation velocity is
so large with the distance explosion-mesuring
point; The calculation is performed at the same
blast; The directions of propagation of waves
can be considered to be the same. Then, the
propagation velocity of two corresponding
shock waves will have the same error, so, the
time from one peak to the other is remained as
the theoretical condition. Therefore, this
calculation method can be applied to determine
the actual propagation velocity of shock wave
in a certain area. That result will be an
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important information for design the highly
effective blasting.

3. Experimental application in Nui Beo coal
mine area, Quang Ninh

3.1. Measure and record data of shock waves
caused by blasting

Although actual blasts have a lot of delay
times. But, the explosion speed is so high and
vibration duration of the paticiples is very
short, only one data can be recorded after each
blast. To ensure recorded data is the best, the
measurement and recording systems need to
meet some principles that:

- The measurement equipment must be
standard;

- The recorded data must be completed and
continuous over time to avoid the fluctuations
of participles by the effects of blasting;

- Information that cannot be recorded from
the measuring, such as: total of holes; the
number of rows and columns; row and column
spacing; diagram of delay time; delay time,
explosion location; measuring point; the
distance from explosion point to measuring
point.

The measuring equipment used is
Blastmate III (Figure 2). This is a vibration
meter from Instantel, Canada. It is used in more
than 110 countries and is one of the most
reliable vibration meters in the world, today.

An Instentel model of selsmograph
Figure 2. Vibration meter Blastmate 111
Blastmate consists of two basic
components, a meter and two sensors. The
sensor system including: a triaxial vibration
sensor  (Geophone) a sound sensor
(Microphone) connected to the meter by wires.
The measured data is sent to the meter in the
electrical signal form. Recording interval for

A Deltaseis model of seismograph
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each measurement: 1 - 90 seconds. Sampling
rate: 1024, 2048, 4096 samples/sec. It can
store data for 1000 measurements with a
sampling rate of 2048 samples/second and a
recording time of 1 second. Vibration range
that can be recorded: 0.2+30.0 mm/s. Results
can be printed in the field as a graph.
Experimental data are measured and
recorded in the area of reservoir 10, Nui Beo
coal mine, Quang Ninh (circled area on the map
in Figure 3). The measurement location is at the
mine boundary, belonging to Mr. Pham Dinh
Thu family, address: group 9, zone 7, Ha Tu
ward, Ha Long city, Quang Ninh (is the x
marked on the map in Figure 3). The work was
done by blasting seismic expert Nguyen Duc
Chinh, Cam Pha Mining Chemical Company
(Figure 3). Some measurement results are
shown in Figure 4.

Mine-blasting area

$% Measuring=4
Y point 35
4 | Py

Map of Nui Beo coal mine

4 S R T
Measuring and recording data
Figure 3. Recording data at Nui Beo coal mine
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Figure 4. Some data recorded

Figure 4 shows the graphs of two blasts.
The MicL axis describes the sound intensity of
the explosion; The vibrational velocities of
particles are described on 3 axes that are Long,
Vert and Tran. In which, the Long axis is the
straight axis from the measuring point to the
explosion point, so the waveform in this axis
describes the effect of the compression wave
component P in the 3 components of the shock
wave (Press, Shear and Rayleigh).

Explosions with measured results are
described in Figure 4. The detailed parameters
are shown in Table 1. The delay-time diagram
for blasts in this mine uses a unique type shown
in Figure 5.

Table 1. Some parameters of blasting data
recorded at Nui Beo coal mine (Lé Vidn Céng et al
2012; Souknavong Maniphet 2016)
No. Parameter (unit) (a)
1 | Total amount of 732
explosives (Kg)

(b)
1098
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miliseconds)
3.2. Analysis and comments

With the delay-time diagram described in
Figure 5, it is easy to determine that the
periods between the explosive charges
including: 100ms, 42 ms, 26 ms, 16 ms and 10
ms. Due to each charge, a peak of shock wave
will be generated, these periods will be used for
the analysis. In three components P, S and R of
the shock wave, P is the fastest component and
is the main cause of structural breakage and
vibration, so the analysis will focus on the data
on the Long axis (which describes the action of
the P wave). In addition, synthetic vibrations (

PPV =y/l>+V?+T?) are also analyzed for

reference data. The analysis process is
performed in 2 steps. In the first step, the data
is performed in the frequency domain to
determine the frequency range containing the
highest peaks. In the second step, the data is
described in the time domain to identify the
times at which the peaks appear, the analytical
method in Section 2 is applied to determine the
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propagation velocity of the shock wave. The results of calculating propagation velocity are
wave peaks found are shown in Figure 6 for the described in Table 2.

two data cases respectively in Figure 4. The

Time (secs)

Figure 6. Results of determining wave peaks
Table 2. Calculation results of the propagation velocity of the shock wave

Range of calculated propagation velocity in case 1 1250 - 1800
Average velocity when analyzing data of the L1 axis (longitudinal wave velocity) 1477
Average velocity when analyzing synthetic vibration PPV1 1238
Range of calculated propagation velocity in case 2 1250 - 2100
Average velocity when analyzing data of the L2 axis (longitudinal wave velocity) 1655
Average velocity when analyzing synthetic vibration PPV2 1573
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The results in Table 2 show that the range of
calculated results is quite large. It means that the
data analysis process still contains many errors
coming from objective reasons, including:

- The type of delay detonator used in the
explosions is a non-electric delay time, they have
low accuracy (allowed time delay error is = 5ms
according to QCVN01:2019). That leads to errors
in the calculation expressions defined in Section
2;

- The explosion has many consecutive
explosion points creating the mutual influence of
the waves;

- The physical - mechanical properties of the
rock and the change in the direction of explosion
compared with the measurement direction,
make the results of different explosions
different.

However, the average velocity is determined
by applying the expectation maximization (EM)
algorithm to eliminate a certain amount of errors
(Simon Haykin 2001). The average results found
in Table 2 for the two cases are not much
different. The found value is consistent with the
common type, structure and hardness of soil and
rock in Quang Ninh mine area (Lé Van Cong et al
2012; Nghiém Hitu Hanh 2001; Souknavong
Maniphet 2016)

4., Conclusion and Discussion

The blasting shock wave propagates in the
rock, so it is directly affected by the properties of
this environment. And therefore, the shock wave
is the best information reflecting the structure,
mechanical and mechanical parameters of the
soil and rock in the blasting area. Numerical
Analysis is an analysis technique based on the
digitization of data, so the analysis is detailed
and accurate. Analysis results from experimental
data recorded at Nui Fat coal mine confirm that
Numerical Analysis of shock wave data can help
determine the propagation velocity of blasting
shock waves.

The velocity of shock wave propagation is
one of the important parameter to choose the
right differential time for blasting. Because the
geological structure of each region is different,

the analysis results in any region can only be
applied in that region. When the amount of
analysis results is large enough, it will become
the database for the modeling of rock structure
in the monitoring area. The larger the database,
the more convergent and accurate the model,
especially, when the explosions ensure a number
of constant conditions such as measurement
position, measurement direction, measurement
terrain, explosion direction and delay time are
performed accurately.
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Data on rainfall, soil moisture, temperature, and humidity play an
important role in Agro-forestry activities, transportation, and residents’ life
in the North Mountain area of Vietnam. The data can be used to study
about landslide disaster, climate change, weather monitoring, decision-
making assistant and to give risk warnings. In this paper, a low-cost IoT
data acquisition system developing for those purposes is depicted. The
acquisition system includes sensor stations (SSs) and central station (CS).
In which, the SSs were designed to collect data from specific sensors (rain
fall, soil moisture, temperature, and humidity). The CS is used to gather
data from the SSs through designed Lora WAN communication system. The
CS then sends gathered data to a cloud server for monitoring, warning, and
decision assistant system by a 3G module. Hardware and software with the
suitable solutions for the purpose area are represented. System
experiments and tests were implemented in Ban Lang Ward (in the
Northwest of Vietnam) to check design targets. Results have proved the
measuring and data transmitting abilities of the system.

© 2020 University of Mining and Geology. All rights reserved

1. Introduction

In recent years, climate change, due to natural

from October 6t to 22nd caused great damage flood
and landslide in the Vietnam central region [3].
To reduce the impacts of a natural disaster on

and human-induced factors, has caused many
harms to residents' lives [1] [2]. Climate change
causes geological disasters such as landslides;
flood; drought; saltwater intrusion.. These
disasters have many negative impacts on the life of
the community. They affect traffic activities,
agroforestry activities, destroy private houses,
public buildings, and lives of residents. In the last
year 2020, many very unusual and extreme natural
disasters were recorded in Vietnam. There were
16 types of natural disasters; including 13 storms;
264 thunderstorms, tornadoes and heavy rains hit
49 provinces and cities. Especially, the heavy rain
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communities Early Warning System (EWS) is an
effective solution. Operational EWSs aim at
reducing the loss of life probability by inviting
people to act properly at specific times when an
intolerable level of nature hazard occurs[4]. As
mentioned in [5], the EWSs can be divided into 4
main modules of components: setting module,
modelling module, warning module, and response
module. The setting module includes all the
preliminary actions and choices required for
EWSs, such as: warning areas; type of disasters;
monitoring instruments; data transfer systems...
In which, EWSs’ data transfer systems have been
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developed with many wireless communication
techniques. However, invented since 2009, LoRa
technique has some advances on the other
techniques in monitoring system also in EWSs.
LoRa is a long-range and low power consumption
network. Due to the gap between cellular
networks, like GSM, UMTS, and LTE (up to 100km),
and short range networks, like Wi-Fi, Bluetooth
and ZigBee (0-1000m), LoRa network is used in
Low Power Wide Area Network (LPWAN)
technologies to fill this gap and to achieve the
requirements of the IoT devices and applications
[6]. With various advanced techniques, design and
implementation of LoRa are proposed in many
applications and scenarios, such as: smart city;
environmental monitoring; smart heath care;
smart farming [7].. And the research to improve
LoRa network architecture for other applications
have been implementing. LoRa network has also
been researched to implement in EWSs. In [8][9],
LoRa network is proposed for flood early warning
system and landslide early warning system.
Though, the research concentrated on low-cost
sensor and small area network aspects.

In this paper, a LoRa network architecture was
proposed for a data acquisition system. The system
was designed as an aim of CT2019.01 project to
collect data in the Vietham’s North Mountain
region for: Forecasting and warning of risks of
natural disasters; Environment monitoring;
Climate changing study and Agro-forestry decision
assisting. Following the aim of the project, the
proposed system needs to have distance of several
kilometers between sensor nodes and receiving
node and effective-cost. In the next sections, the
suitable solutions will be shown in sequent and the
results of practical implement in field of Ban Lang
Ward, Phong Tho District, Lai Chau Province of
Vietnam.

2. Proposed system
2.1 System structure

Nowadays, EWSs use Wireless sensor network
(WSN) as the most efficient solution for data
acquisition system [10]. The EWSs can be classified
into two main groups: Local EWSs (Lo-EWSs) or
Territory EWSs (Te-EWSs). The difference

between Lo-EWSs and Te-EWSs is the area
supervised by their used WSN. For instance, the
landslide early warning systems (LEWSs) can be
defined as following. Systems addressing single
landslides at slope scale are herein referred to as
local LEWSs (Lo-LEWSs), and systems dealing
with the possible occurrence of multiple landslides
atregional scale are named territorial systems (Te-
LEWSs). The Te-LEWSs provide a more general
name for all the LEWSs employed over a wide area,
e.g. a nation, a region, a municipal territory, a river
catchment [5].

With the approach of the classification above,
the desired data acquisition in our project must
operate like a Te-EWS, with the distance of several
kilometers between sensor node and receiving
node. It means, the communication should be
implemented by mobile network signal (GSM) as
conventional system. The problems of using GSM
communication are: The telecommunication costs
reduce system cost-effective; And there are many
no GSM signal places in the North Mountain area of
Vietnam. To solve the problem, a proposed system
structure is shown in Fig. 25.a. In the structure,
each Sensor Station (SS), acts as a sensor node, is
arranged in a monitoring place. A Center Station
(CS) acts as a receiving node is installed in a place,
where must has GSM signals, to collect data from
around SSs. With the benefit of LoRa
communication between stations, each CS can
collect data of region up to 20km in diameter (can
be extend with some type of network protocol).
The collected data is sent to server by CS through
GSM (GPRS/3G or 4G) signal. To archive target of
the project, many monitoring regions need to be
installed as show in Fig. 25

;lsuws sTaTION 0L

Qe

AV LoRa
i

SENSORS STATION 02

@R

SENSORSSTATION

O &=

Fig. 25. Proposed system structure.
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2.2 Stations’ hardware

With the proposed system structure, the CS
and SSs are designed to meet the technical
requirements of Te-EWS and cost-effective system.
Therefore, communication between the SSs and CS
is performed by the Lora modules. These stations
have been designed and assembled with
components easily found in the Vietnamese
market.

The SSs are designed as sensor nodes with
actual structure shown in Fig. 26. In which,
Pic16F886s from Microchip are used as the central
controller of the stations. The sensors in each
station are soil moisture sensor, Air humidity
sensor, Air temperature sensor and Rainfall
sensor. There are also two ADC inputs; 04 digital
inputs; 04 digital outputs; 01 PWM output, which
are reserved for the future additional sensors.
Communication of the SS is performed via the Lora
E32 433T30D module. This 1W module allows
connection range of 10km in theoretically that
ensuring communication range for a Te-EWS. The
stations use power from a 12V battery and a solar
panel. Based on the structure above, circuit board
of SS is designed and manufactured as in Fig. 26.b.

Lora modie @
|
2400

Checking source

Fig. 26. Sensor station block diagram and realistic
circuit board

The CS performs the function of a base node in

the WSN system mentioned above. Station

structure and manufactured circuit board is

depicted in Error! Reference source not found..

The central controller of CS is a Raspberry Pi board.

CS communicates to SSs via Lora E32 433T30D
module, while data server communication is done
through GSM 3G sim module. The station is also
powered by a 12V storage power source and a
solar cell source.

By using designs with components from local
market, manufacturing costs of CS and SS are about
300 and 200 USD in sequential order. The costs are
acceptable in compare with some type of
importing stations for weather or air quality
monitoring,.
3.Practical implementation and communication
solution

Source 12vdc
(terminal)

Source check Al
Screen
(when need)

Micro sd
memol

DC-DC Buck
12->5Vdc

Source Svdc
(terminal)

—‘_{n—\ Sim module
UART1 |
1o | RASPBERRY PI *
UART2
Lora module e

Fig. 27. Center station block diagram and realistic
circuit board

3.1 Field installation

With the aim to collect data in the Northern
mountainous provinces, the selected site for the
system testing is Ban Lang Ward, Phong Tho
District, Lai Chau Province of Vietnam. The testing
system includes 01 CS and 05 SSs which are
arranged at marked point in Fig. 28.

Fig. 28. Station positions in Ban Lang Ward
Atfirst, the stations were connected according
to Star Topology (Single-Hop). The CS acts as a
Base Station and the SSs act as Sensor Nodes
sending data to the CS. The distances between the
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stations are determined directly on the Google map
shown in Table 3. Although the distance between
the SSs to CS is within the transmission range of the
selected Lora module (maximum 7.94km), the
connections between CS and SSs are frequently
interrupted by weak signals. Therefore, a signal
transmission algorithm and Mesh Topology
structure were deployed.

Table 3. Stations real distances (km)

b. Fresnel zone

Fig. 29. Huygens Fresnel principle [11]

From Eq.1 and Eq.2 deduce the equivalent distance

between stations based on the received signal will

be:

S CS SS01 | SS02 | SS03 | SS04 | SSO5
CS 00 | 210 4.29 0.15 1.29 4.10
SS01 2.1 | 0.00 3.45 240 3.63 6.35
SS02 42 | 345 0.00 411 2.87 7.94
SS03 0.1 | 240 411 0.00 1.34 4.29
SS04 1.2 | 3.63 2.87 1.34 0.00 5.16
SS05 41 | 635 7.94 4.29 5.16 0.00
3.2 Routing Algorithm

Normally, the signal strength from one node on
other depends on the distance between them Fig.
29a. In which, the received signal strength will be
attenuated with distance as in:

L(fs) = 3245 + 20log(D) + 20log( f) @)

Where: L(fs) = Free spaceloss in dB; D = Distance
between SSs and CS in km; f = Carrier frequency in
MHz

In WSN's literature, Optimal Routing is usually
done according to the shortest distance between
stations. However, the actual signal strength is also
affected by obstacles, weather condition according
to the Huygens Fresnel Fig. 29b [14]. Therefore,
with complicated terrain of mountainous areas, it
is not appropriate to optimize routing path by
distance. Optimization of routing path here is done
by converting the Received Signal Strength
Indication (RSSI) to equivalent distance according
to Eq.2.

RSSI (dBm) = —164 + Rssi 3)

Where: RSSI = Loss in dB; Rssi = RSSI register
value in the LoRa module.

(131.55—Rssi—20log( f )j
D=10 2 “4)

The experiments were executed at node positions
by a computer program and a LoRa module to
calculate equivalent distances. At each position, the
testing computer tried to communicate to the
other nodes and recorded RSSI register values. The
actual test results of the signal strengths are shown
in the Table 4. From RSSI register values,
equivalent distances were calculated as in Eq.3,
second value in each cell of Table 4. The equivalent
distances are then mapped to Fig. 30a. and used for
communication routing path optimization.

Table 4. RSSI value/Equivalent distance (km)

S CS SS01 SS02 SS03 SS04 SS05

cs # 0/inf 61/7.78 100/0.08 | 66/437 59/9.79
SS01 0/inf # 0/inf 0/inf 0/inf 60/8.72
SS02 61/7.7 0/inf # 64/5.50 67/3.89 59/9.79
$S03 100/0.08 | 0/inf 64/550 | # 70/2.76 61/7.78
SS04 66/4.3 0/inf 67/3.89 70/2.76 # 58/10.99
SS05 59/9.7 60/8.72 59/9.79 61/7.78 58/10.99 #
The optimization was implemented with an

improved Dijkstra algorithm on equivalent
distances.

(1) Initialization: num=0, dist=+e, v[i]
=0, (i=0, 1..n);

(2) If cost[s][i] £1, then set v[i]=1,
(i=0, 1.n);

(3) If v[r] =1, then dist=cost[s][r], go
to step (8); else go to step (4);
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(4) V i € {v[il=
when j€{cost[u

=1}, ulnum]=1, set v[j]=1
[num]]([Jj] <1}, (3=0,1,...n);

(5) If v[r] # 1, then numt+, repeat step
(4); else record the path that fulfills
v[r]=1l, and

dist [num]

(6) num=num+l, repeat steps (4) and (
until all the paths, that fulfill vIr
are obtained;

(7) Set dist=min{dist[i], i=0, 1,
(8) Output the corresponding path.

5)
1=1
..,num}

Where: n: Number of network nodes; s: Sending
node; r: Receiving node; 1: Limited transmission
radius; u[num]: Relay node [num] of a routing
path; v[i]: Visit mark (if not visited, set v[i]=0; else
set v[i]=1); cost][i][j]: Distance between node i and
node j; dist: Distance corresponding to the optimal
path fromstor.

Implemented the above algorithm, simulations of a
network and optimize routing paths are given in
Fig. 30b.

ANy W A

Humidity (%)

~ I

TS 2 !

210209 0.
wm[ymmHH ) Time samp (yy-mm-dd H

Fig. 31. Temperature & Humldlty

3.3 Results

Using the proposed system structure, network
topology and routing algorithm, the experimental
data acquisition system has been implemented and
testing in Ban Lang Ward. Data has been collected

1-02-10 00:94.02-08 00:00 21-02-09 00:00 21-02-10 00:00

in every 30 minutes. In Fig. 31 is the result of
temperature and air humidity data of the 5
experimental sensor stations from 0:00 8th
February to 0:00 10th February. The result graphs
show that the system can collect data without

= cost [s] [u [o]] + Z costlul7]1 ulj + 111 + cost [ifiterlUpt (there is no suddenly changing value) in

the two days. The experimental results show that
the proposed system can meet the technique
requirement of the CT2019.01 project. The system
with hardware and software can work and collect
data from sensor stations with the furthest
distance of 7.94km.

4., Conclusions

The paper described the implementation of a data
collection system for monitoring, Territorial
warning of geography disasters and supporting
decision making. The proposed hardware and
LoRa network topology are presented and
implemented in Ban Lang Ward. The practical
problem of weak signal making loss connection
was depicted and solved with suitable topology
and optimal routing path. Test results show the
efficient of suggested topology and optimal routing
path which is based on equivalent distance. That
give the system ability to collect data and transmit
stably to the center of the system. In further
research, the optimal routing path should be
implemented online with the network mapping
signal strength measuring continuously.
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Trang bi dién Khi nén cho civa gié trong khai thac mé ham 1o
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Tty khoa:
Ctlra gid, dién khi nén,
xylanh khi nén.

Ctka gi6 la cong trinh trong khai thdc mé hdm Io duoc xdy du'ng nhdm muc
dich diéu chinh lwu lwong gié trong [o. Hién nay viéc déng mé cira gié durorc
thyrc hién bang tay qua hé thong dan dong bang thuy Iwc. Nhwoc diém clia
gidi phap nay tén nhdn céng vdn hanh, tang chi phi ddu tu, mdt an toan do
phal st dung hép ddu, dong co dién phong né. Trong nhu’ng ndm gdn day hé
thong khi nén da duoc dwa vao sdu trong 10. Qua do, viéc dan déng ctra glo
bang thily luc cd thé dwoc cdi tién chuyen sang ddn déng bdng dién khi nén.
Khi ddn déng bing khi nén sé cé wu diém, chi phi ddu tw ban ddu ré, hé thong
an toan hon. Néi dung ctia bai bdo di xdy dung hé théng diéu khién dién khi
nén tw dong cho ctra gid, két qud nghién ctvu cé thé dworc trién khai dp dung
trong thuwec té dé€ gidm nhdn cong vdn hanh va han ché phdi nhdp thiét bi cia
nwdrc ngodi.

© 2021 Trwong Pai hoc M6 - Dia chit. T4t ca cic quyén dwoc bao dam.

1. batvan dé

lwc dong mé 6n dinh, qua trinh dong mé khong
anh hwdng téi cac hé thong 1an cin. Tuy nhién

Ctra gi6 (hinh 1) 1a mét dang cda céng trinh
gio la t6 hop cac céng trinh phu dwoc xay dung
nham diéu chinh gi6, dan gi6 hoic cach gi6 [1].
Pa phin cic ctra gié hién nay trong khai thac mo
dwgc thyc hién truyén dong bang thiy lwc. Khi
din dong bang thuy lwc (hinh 1) sé& c6 wu diém

nhwoc diém 16n caa giai phap nay la tang chi phi
dau tu (phai c6 bo ngudn thuy lwc), phai st dung
déng co dién phong no, hop dau thay lwc giy ra
mit an toan hon so véi st dung bang dién khi
nén [2].

2000 mm

Hinh 1. Ctra gi6 trong khai thdac mé ham lo

Trong nhirng nam gan day, hé théng khi nén
cua cua cac xi nghiép mé da dwoc dwa vao sau
trong 10 t&i tan cac phan xwéng Khai thac. Do
vay, ngoai phwong phap din dong bing thuy

lwc c6 thé cai tién dong mé cira gié bang thuy
lwe sang st dung giai phap dién khi nén dé déng
mé& cira gi6. Khi dAn ddng bang clra gié bang khi
nén sé cé wu diém, chi phi diau tw ban dau ré vi
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str dung ngudn khi nén sin c6 ctia mé, hé thong
an toan hon vi khéng phai stt dung hop dau va
déng co dién phong nd. Xu thé str dung dién khi
nén dé trang bi tw déng cac khau trong Khai
thac mé dwoc nhiéu nwéc trén thé gidi ap dung,
c6 thé ké dén cac san phdm nhw ctra gié diéu
khién tw dong bang khi nén ZMK-127 cta Trung
Qudc, san phdm BenT-nuto3 cua LB Nga..Dé
xdy dung dwoc hé théng diéu khién tw dong
dién khi nén cho ctra gi6 can thiét phai xac dinh
dwogc cic théng s6 cida hé thong, tir d6 co thé
dwoec trién khai ap dung trong thuc té dé giam
nhén c6ng van hanh va han ché phai nhip thiét
bi cia nwére ngoai.

2. Trang bj diéu khién dién khi nén cho ctra gi6
2.1. Xdc dinh dp lwc khi nén

Ap lwc ctia khi nén chuyén héa thanh luc cta
xylanh khi nén tic dong 1én hé théng dé thuc
hién viéc ddng mo clra theo tin hiéu diéu khién.
Lwc ddy cia xylanh khi nén phu thudc vao gia
tri ap lwc gié theo vén toc gié dwoc xac dinh
theo cong thirc [3]:

A=0,613.kq.V2 (N/m2)

Trong dé: V - Van tdc gié co ban; Kq - hé s6
gi6 theo phwong ding Kq = 1,2;

Theo khao sat, trong khai thic m6 ham 16 &
Viét Nam toc do gid t6i da trong khoang Vimax=
(13+15) m/s, d€ tinh toan ap lwc cua gi6 trong
khai thac mo 14y gia tri téc d6 gié trung binh V-
maxtb=14m/s. Ap luc gié tdc dong 1én mdi clra
gio:

A=0,613.kq.V2=0,613.1,2.13.13=145 (N/m?)

Lwc tac dong 1én mot canh cra la:

Fg= AF=A.a.b=145x2,0x1,0=290N=0,29kN

Trong do6: F=a.b=2,0x1,0=2m2-1a dién tich
clia mot ctra gio; a- chiéu dai canh cira; b - chiéu
rong canh ctra.

D& quay dwoc canh cira, thi xylanh khi nén
phai c6 mot lwc ddy (Fu) can thiét dé€ tao ra
moémen quay dam bao diéu kién:

Md>kbs.Mc
M= Mg+Mmst+Mmsd

Trong dé:
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- Mg mémen dwoc tao béi lwe can do gié
gay ra (rng véi luc Fy), dwoc xac dinh:
Mg = Fg.b/2=290.1000/2=145.000 Nmm
- Minst, Mimsa — mOmen dwoc tao ra do mat

sat 6 truc trén (Mms) va 6 truc dw®i (Mmsd),

( /Gczt +F3d>.f.dt

dworc xac dinh:

M5t = 2 ,Nm
R.+ |GE+F2).f.d
c ct cd |/ %d

Mpysa = Re + ,Nm

2

Trong do6: Rc - 1a phan lwc cta 6 dwdi theo
phwong dirng, Re=G=2500N; F, Fcq - 1a luc cla
0 trén, 6 dwdi can lyc day cua gié theo phuwong
ngang; f - hé s6 ma sat trwot cta 6 truc va g,
f=0,1; d;, d4- 1a dwong kinh & truc trén, 6 truc
dwédi di=d¢=50mm. F, Fcq - luc clia 0 truc trén,
0 truc dudi can lyc diy cta gié theo phuwong
ngang; Ge, Gea - 12 lwc ctia 6 truc trén, 6 truc
dwéi can trong lece theo phwong ngang.

Lwc cta 6 truc trén, 6 truc dwdi can luc diy
cua gi6 theo phwong ngang, xac dinh theo cong
thirc: Fea=Fea=Fy/2=290/2=145 (N)

Lwc cta 6 truc trén, 6 truc dwdi can trong luc
theo phwong ngang xac dinh theo cong thirc:

1000
Ger = Gea = Gy = 2500.5 0 = 625,N

h - chiéu cao cta ctra, h=2000mm.

T d6, xac dinh dworc:

(VGZ+FZ).f.d,

mst — 2
< /6252 + 1452 >.0,1.50
- 2
= 1604N. mm
(Re +GZ+FZ,).f.dq
Mpysq = Re + 2
<2500 + /6252 + 1452 >.0,1.50
= 2500
+ 2
= 5354N.mm
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L

300

Fx

Hinh 2. Lwc ctia xylanh khi nén
Tong moémen can cla ctra gio:
M=145000+1604+5354=153000N.mm
Theo hinh 2, lwc ddy cta xylanh khi nén

dwoc xac dinh theo cong thirc:
153000

M,
Fy =>1,25—=1,25——— =1071N
= Ly 221

N

10

/

[

[ 4

e+ -

AN ST T
MAAl

Lx - 1a canh tay don cta lwc xylanh khi nén,
Lx=300.cos45=221mm
Ap suat khi nén can thiét dé thiét ké hé thong
déng mé ctia bang khi nén:
Fxl Fxl

P2 kar—5= = Kar o3

Trong do6: P (N/m2) - ap suit khi dwong khi
nén; S(mz2) - dién tich cta piston phi dwgc cip
khi, kat =1,2- hé s6 an toan.

D€ dong md cua tin ciy thi theo kinh nghiém
dé dam bao do bén co hoc, xilanh khi nén cé
dwong kinh c6 dwong kinh D=60+80mm. Lua
chon loai xylanh khi nén c6 D=80mm hanh
trinh xylanh 250mm dé @0 lwc mé hé théng can
mot ap suat khi nén.

P> kg™ = ky 2L =2,5 (bar)

S T.R?

Hién tai dwong khi nén ctia mo dwoc cip co
ap suat vao khoang 3+8 (bar) nén dam bao viéc
cung cip lwc dé dong mé cira. So @6 mach diéu
khién dién khi nén cip cho xy lanh dworc thiét
k& nhw hinh 3 [3].

Fxi

Nguobn cip khi

Loc tinh

Van 6n ap

Van mot chiéu

Van déo chiéu dién
Van ddo chiéu bing tay
Van tiét luu

Xy lanh diy

Van xa

ORIV (U [ [ WIN|-=

Hinh 3. So db mach diéu khién dién khi nén

2.2. Trang bi thiét bi ngoai vi cho diéu khién
dién khi nén

Nguyén ly hoat dong cua clra gi6 lic binh
thwong clra dong lai, khi c6 ngwoi hodc vat (tau
dién, xe goong...) di qua clra sé ty dong mo ra,
sau khi ngwdi hoac vat da di qua cira sé ty dong
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déng lai. P& ddm bao cac nguyén ly hoat dong
tuy vao mirc do ctia hé thong ma phai trang bi
céac thiét bi ngoai vi hinh 4 bao gom: Cam bién
hong ngoai dé xac dinh nguwdi va vat qua ciia,
cam bién hinh dnh dé giam sat hinh anh, sensor
dién tlr d&€ nhan biét trang thai cra hoat dong,..
loa, dén dé canh bao [1].
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Hinh 4. Trang bi thiét bi ngoai vi cho ctia gié tw dong

Hé théng diéu khién dién khi nén cua cira gio
dwoc thue hién qua mot ta diéu khién PLC, vdi
nguyén ly diéu khién nhw lwu d6 hinh 5.

Théng baotin
hiéu mé clra

Bu am
h ché

Théng bao tin
hiéu ddng

KET THUC

Hinh 5. Lwu do diéu khién ctra gio

Do déc thu khai thac mo6 hdm 10 1a méi trudng
khac nghiét, khong gian han ché, nguy co mit an
toan cao. Nguy co mit an toan trong van hanh
cda gié thuwong xay dén khi c6 tau dién, thiét bi cd
téc do 1on nhit trong cac dwong 10. D€ dam bao
an toan thi cac thiét bi ngoai vi phai tinh todn
dwogc viing 13p dit phu hop d€ ddm bao lwu thong
cla tiu dién. Van toc cua tiu dién phu thudc vao
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nhiéu yéu t6: téc do gid, diéu kién dwong 10; tinh
trang tau..qua khao sat thyc té c6 dwoc:

- Tau dién trong mé ham 16 thwong cé téc dod
twong dwong 1,7m/s.

- D€ tau phanh tir vin t6c 1,7m/s cho dén khi
dirng hin quang dudng t6i da 1a 20m;

- P& tAu ham & vin téc 1,0 (m/s) dén khi dirng
han 12 vao khoang 9m;

- Thoi gian chuén bi hdm theo qui dinh déi véi
tAu mé ham 1o 1a tir 1,5(s) +2,5(s).

Nhu vay, quang dwong chuin bi ham:

Sh=2,5.1,7=4,2m
Quing dwong dé bao an toan dé tau qua clra:
Sa=kat (20+4,2)=1,2.24,2=29m

Nhw vdy, dé dam bao an toan thi, trwdc ctra
khoang 29m dit mot bién bao lam canh giam toc
d6 ctia lai tau, trong khoang trude ctra tir 9m dén
10m dat cac cdm bién hong ngoai dé phat hién
vat qua ca.
3.Kétluian

Nhw vay, qua viéc tinh toan trang bi dwgc hé
théng dién khi nén nham muc dich thuc hién qua
trinh déng mé ctra gié tw ddng thay thé cira thuiy
lwc hoan toan cé tinh kha thi. Két qua nghién ctru
c6 thé dwogc trién khai ap dung trong thyc té dé
gidm nhan céng vin hanh, ni dia héa san phim.
Viéc lam cht dwoc cong nghé thiét ké ché tao clra
gi6 ty dong dong md bang khi nén trong khai
thac mo cé y nghialén trong viéc ndi dia hda thiét
bi nganh than han ché phai nhip khiu thiét bi
han ché that thoat ngoai té cling nhw 1é thudc
cong nghé.



ﬁ HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA

2021 (MEAE2021)

Loi cam on
Noi dung bai bdo dwoc tai tro bdi dé tai
nghién cru khoa cidp Bd Cong Thwong ma s6
150.2020.bT.BO/BCT-KHCN.
Tai liéu tham Khao
1. Tran Xuan Ha va nnk, Gido trinh théng gi6 mo,
Nha xuit ban Khao hoc va Ky thuat, Ha Néi -
2014.

122

2. [lo Hebl Y, Hryen Txu XoHr, UccnenoBaHue u
NpoeKTUpOoBaHHe 1Kada  ymnpaBJeHUs
aBTOMaTUYeCKOUN BeHTUJIALLMOHHOM IBEpH B
maxTte. Texnuueckre Hayku. SSN 2411-
76009.

3. American Society of Civil Engineers. Minimum
Design Loads for Buildings and Other
Structures. Reston, Virginia 2019.

4. Lé Van Tién Diing (2011), Piéu khién khi nén
va thay lyc, Trwong Pai hoc k§ thuat cong
nghé TP.HCM.



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

Tao hinh bién dang rotor cho cap rotor bom thuy
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Bién dang hinh hoc ctia rotor bom thily dwoc xdy dung bdng phwong
phdp t6 hop cdc dwong cong ho cycloid. Trén co’ sé mo hinh todn hoc
dwong cong ho cycloid cing sw ho trg cia phdn mém Matlab va
AutoCAD bién dang hinh hoc rotor bom cdnh khé kiéu 2 thuy, 3 thiy
va 4 thuy dwoc hinh thanh. Nghién ctru cé sw dung phwong phdp phdn
tich dong lwc hoc dong chdy CFD (Computational Fluid Dynamics) va
mé hinh lwéi ddng dé xdc dinh cdc thong sé ciia dong chdy qua bom
nhw cét dp, lwu lwong, téc dé dong chdy qua bom. Két qud tinh todn
cho thdy rotor kiéu 2 thity cho hiéu sudt thé tich Ién nhdt. Rotor kiéu 3
thuy va 4 thuy khéng lam tdng hiéu qud lam viéc nhwng c6 cung cdp
dong chdy c6 nhiéu wu diém. Két qud mé phdéng con cho thdy khi toc
do rotor tdng thi cét dp va téc do dong chdy tdng gdn tuyén tinh theo
toc do rotor. Khe hé giira hai rotor trong khodng 0,1 - 0,2 mm khéng

dnh hwdng nhiéu téi hiéu sudt cia bom.

1. Gi6i thiéu

Bom thuy hay con goi la Lobe pump la thudc
dong bom thé tich dwoc dung phd bién trong
van chuyén cac chit 16ng c6 dd nhét cao, chit
16ng pha ran, van chuyén bun, van chuyén khi
(mdy théi khi). N6 dwgc st dung kha phé bién
trong céng nghiép thwe phidm, cdng nghiép hoa
chat, cong nghiép khai thac khoang san... Bom
canh khé cung cip dong chdy 1én va én dinh
hon céac loai bom cung loai do hai rotor c6 thé
lam viéc véi téc dd cao va khong tiép xuc truc
tiép v&i nhau. Bién dang rotor bom déng vai
tro quan trong va quyét dinh nhiéu dac tinh
lam viéc cia bom. Nhiéu nghién cttu trong va
ngoai nwéc da tip trung thiét ké bién dang
hinh hoc rotor nham céi thién kha ning lam
viéc ctia bom. Nguyén Hong Thai [1] thiét ké
bién dang hinh hoc rotor dwa trén méi quan hé
gitra lwu lwong riéng véi thong s6 hinh hoc
rotor. P-Y Wang, Z-H Fong [2] dwa ra bién dang
rotor hinh thanh tir nam cung cong lién tuc
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nhdm mé rong dai ap suit lam viéc ctia bom.
Nguyén Thanh Tung, Bui Ngoc Tuyén [3] danh
gid anh hwdng cta bién dang rotor ki€u cung
tron téi hiéu suat thé tich ciia bom. Ngay nay,
phwong phap mo6 phdng dong hoc dong chay
CFD (Computational Fluid Dynamic) dwgc (rng
dung dé danh gia cac dic tinh lam viéc cta
dong chdy qua bom. Houzeaux [4] phat trién
thuat toan mé phéong dong chay qua bom banh
rang st dung phwong phap phan ti hitu han. Z.
F.Huangand Z. X. Liu [5] sit dung phwong phap
mo phdng s6 dé danh gia anh hwdng cia rotor
téi kha nang lam viéc cia bom thé tich. Cac
nghién ctru trén da dé cip tong thé vé phwong
phdp xay dung bién dang rotor va phwong
phdp moé phong s6 trong danh gid anh hwdng
cda n6 téi bom. Tuy vy mot s6 yéu té nhw khe
hé bién dang, s6 canh rotor, toc dé quay rotor
van chua dwogc thé hién rd trong cac nghién
ctru trén.

Trong nghién ctru nay, bién dang hinh hoc
rotor dwgc xay dwng tir ho dwdng cong cycloid.
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Téac gia stt dung phwong phap CFD dé lam rd va
cu thé anh hwéng cua rotor téi dic diém lam
viéc bom nhw cot ap, toc do, lwu lwgng dong
chay qua bom.

2.Xay dwng bién dang rotor

Cho dwong tron (0’,r) l1an khéng trwot trén
dudng tron (O,R), khi 4y mot diém M nam trén
doan thang O’'M = b s& hinh thanh dudng cong
ho Cycloid (Hinh 1) Phwong trinh ho dwdng
cong cycloid tiép xic ngoai [6]:
doan cycloid
tdng quat

Hinh 1. Dwong cycloid

X=(R-H’)COSg0—bCOSM(p
r
R+r (1)
y=(R+r)sinp—bsin——¢
r

Vé&i ¢ 1a tham s6 chuyén dong.

Khi hinh thanh bién dang rotor, dinh rotor
la dwong epicycloid (b = r, dwong cycloid tiép
xUc ngoai), phan 16m rotor cta rotor nay doi
tiép v&i phan dinh cha rotor kia. Chon hé truc
toa do 01X1Y1 va 0:XzY2 (Hinh 2) gin trén rotor
1 va rotor 2; chon hé truc toa d6 c6 dinh OX¢Y¢
c6 tam O trung 0.

Vi

Y1 Yo
X2

g 0, X¢
X

2r

o]

Hinh 2. Hé toa d6 xdy dwng bién dang rotor

DPiém M; nam trén dinh rotor 1 (Hinh 3)

dwoc x4c dinh qua véc to I, = O,M, :
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rp+r0
r

% 2
(r,+r)sin@—r sin r”r”e (2)

(r,+r)cos@—r, cos

it

Il
| ._\.<

Il

1

P M
30 1 T

Ol 3 Ozﬂu X

2r,

Hinh 3. Bién dang rotor kiéu 3 thity

Trong qua trinh lam viéc phan 16m cia
rotor 2 doi ti€p véi phan dinh cda rotor 1 nén
toa do diém M;(x2,y2) trén cung 16m S; dwoc
xac dinh théng qua ma tran chuyén doi Mz, ta
c6: My = M21.M; = Ma.Mp My (3)

Trong d6: Mg 1a ma tran chuyén doi tir hé
toa dd O1X1Y1sang hé toa do OeXrYs
Mgz¢1a ma tran chugen d0i tir hé toa do OXYe

sang hé toa do 0:X>Y>

Theo [6]:
CoS¢ sing ~ —2r,cos¢
M,, =| —sing  cos¢ 2r,sing
0 0 1
cos¢ sing O
M;, =|-sing cos¢
0 0 1
cos2¢  sin2¢  —2r,cosg
M, =M, .M, =| -sin2¢  cos2¢ 2r,sing
0 0 1
(4)
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Toa d6 diém M; trén cung 16m cia rotor 2

dwoc xac dinh theo phwong trinh:

L X
L=Y, =My ¥
1 1

i N6

ro+r
?—0—-2¢)-2r,cos¢p

(r, +r)cos(6 —2¢) +r cos( ,

rp+r

=| (r, +r)sin(6 —2¢) +rsin( 0—2¢)+2r,sing

r
1

Trong dé: ¢ la tham s6 chuyén dong cia hé
toa dd; 0 1a tham s6 hinh hoc ctia dwong cong.
Theo [7] tham s6 ¢ va 6 théa min phwong
trinh:

rp+r

f(0,¢) =r,sin(0 - ) +r,sin( , 0-9)
(6)

H rP H rp
+rsin—=@0 —(r +r)sin—6=0
r r

Phuwong trinh (5) va diéu kién (6) két hop
str dung chwong trinh Matlab cho ta bién dang
rotor kiéu dwong ho cycloid (Hinh 4).

3.Két qua va thao luan
3.1 Mé phéng CFD

CFD la phwong phap m6 phéng dwa trén ly
thuyét vé phan ti hiru han. Dong chay quabom
dwoc xay dung tir phwong trinh lién tuc va
phwong trinh dong lwong [8]:

Phwong trinh lién tuc: % + V.p\7 =0 (7)

Phwong trinh dong luwong:

oV)

p 7+(VV)\7 Vp+(VT)=p.(j+f (8)

Trong d6: p la ap suét tinh; T 1a rng suat

cang; p.g la trong luc; V 1a véc tor van toc; f
1a lwc cing bé mat.
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Rotor bom thuy ¢6 dwong sinh thang nén
két qua trén mo hinh 3D va 2D twong ty nhau.
Do viy, tac gia st dung mé hinh rotor 2D dé
phan tich dong chay qua bom thuy. Chia lwéi
phan ti 2D 1a lwéi tam giac c6 kich thwéc canh
0.4 mm (Hinh 5).

a. Kiéu 2 thuy  b. Kiéu 3 thuy

c. Kiéu 4 thuy

Hinh 5. M6 hinh lwdi.

Thong s6 hinh hoc co'ban cia bom trong mé
phong nhw sau: kich thuéc clva vao ¢25mm;
kich thuéc clirara ¢25mm ; ban kinh vong chia
rotor rp = 30 mm; khoang cach tam hai rotor 60
mm; khe h& bién dang hai rotor 0,1-0,2 mm;
Khe hé dinh rotor véi thanh trong cia vé bom
0,1 mm; kich thwéc vo bom trong cac trwong
hop déu twong tw nhau. Thong s6 cia dong van

c. Kiéu 4
thuy

a. Kiéu 2
thuy

b. Kiéu 3 thuy

Hinh 4. Hinh ddng rotor bom cdnh khé.

chuyén: chit 16ng Newton khong nén dwoc; do
nhét 0.001003kg/m-s; khéi lwong riéng 998.2
kg/m3. M6 phong st dung mo hinh dong chay
réi k-¢; thuat todn SIMPLE; biéu do6 sai s6 bac
nhit; téc dé rotor quay tr 900 + 1500
vong/phut; Ham UDF (User Defined Function)
dé diéu khién tdc d6 quay cua hai rotor va lwdi
doéng; Ma CODE dwgc viét trén ngon ngir lap
trinh C. Bwéc thoi gian trong mé phong t =
0.00001s.
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3.2 Phdn tich sw hinh thanh hiéu sudt thé
tich

Thé tich budng chira 1a phan khong gian bén
dwoc hinh thanh do ciu tao hinh hoc cua vo
bom va hai rotor. Hiéu suit thé tich dwoc thé
hién qua ti l& gitra thé tich buong chira thwc thé
véi thé tich do vo bom tao ra. Do dic diém ciu
tao cia bom canh khé nén né dwoc danh gia
thong qua ti 1& dién tich mat cat k gitra khong
gian budng chira véi dién tich vé bom tao ra
(hinh 6):

buéng chita

m

2rp

Hinh 6. Dién tich budng chira.

S,-S

Theo [3]: K = .100%

]
(9)
Trong doé So, S 1a dién tich vé bom va dién
tich 2 rotor.
Ti 1& dién tich mat cat k phu thudc vao ti 1&

r
ban kinh rotor va khoang cich tim e =%

2r,
K&t qua tinh toan ti 1& dién tich va ti 1é khoang
cach thé hién & bang 1.
Bdng 1 théng s6 bom

Khoang Tilé Tilé
caichtam | Kkhoang dién
cache tichk
2thuy | 60 mm 0,78 51%
3thuy | 60 mm 0,67 45%
4thuy | 60 mm 0,63 41%

Bang 1 cho thdy rotor kiéu 2 thuy cho ti 1&
khoang cach va ti 1é dién tich 1é6n nhit 1an lwot
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1a 0,78 va 51%, thip nhat la rotor kiéu 4 thuy
twong Gng véi 0,63 va 41%. Diéu nay cho thiy
khi s6 canh cang nho thi kha nang tao hiéu suat
thé tich cang 1é6m. Hiéu suat bom phu thudc vao
nhiéu yéu td nhw tén thit thay lwc, ton that co
khi,... Do vay, hiéu suit thé tich anh hwong
khong dang ké téi hiéu suit cia bom nhwng no
c6 y nghia trong viéc hinh thanh lwu lwong
dong chay qua bom.

3.3 Phan tich dong chdy qua bom

Cot ap bom, toc do6 va lwu lwong la cac
théng s6 quan trong dé danh gia dong chay qua
bom. V&i bom thé tich cic thong s6 dong chay
phu thudc nhiéu vao bién dang, khe hé hai
rotor va khe hé rotor véi vé bom. Hinh 7, 8 thé
hién suw bién ddi cot 4p va téc dé dong chay cia
bom cé rotor kiéu 2 thuy & téc do 1500
vong/phut véi khe héd 2 rotor 0,2 mm va khe
hé rotor v&i vé bom 0,1 mm. Trong giai doan
dAu (t < 0,02s) dong chay chwa 6n dinh nhwng
sau d6 6n dinh dén. Cot ap (hinh 7) bién déi c6
chu ky va bién d6 dao dong twong doi 6n dinh,
cot ap dong chay 1&'n nhit, nhé nhit dat khoang
41 Kpava 21 Kpa. So v&i cot ap thi toc do6 dong
chay (hinh 8) kém 6n dinh hon, téc d6 dat gia
tri 16n nhit khoang 7,8 m/s va nho6 nhit
khoang 6,1 m/s.

45000

40000 A
‘= 35000 -
S
% oo M
2
O 20000

15000
10000

0 0.02 0.04 0.06 0.08 0.1

Thoi gian (s)

Hinh 7 Sw bién do6i cot dp & 1500 vong/phiit

o]

~
'

Tée d (m/s)

[o)]

(8]

0 0.02 0.04 006 0.08 0.1
Thei gian (s)

Hinh 8 Sw bién doi téc dé & 1500 vong/phiit
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Bang 2. Gia tri thong s6 dong chay.

Khe h& Cot ap trung binh ctia bom (Pa)
hai rotor 900 1200 1500
vong/ph | vong/p | vong/phut
ut hut
0,1 mm 4336 7601 12034
0.15 mm 4320 7601 12013
0.2 mm 4316 7600 11919
:0 | =000 uimglphit ';’ | =i 500 vingphit
. N, —e— 1200 vémgiphit 6 N T 1200 véngphit
;;2'20 \— — 1500 vong'phit gi '\‘:S\_ 00 g philt
I \\\\ "E: [ X |
© A - By ]
5 1 —| 1
0 T T 0
2 thiay 3 thiy 4 thiny 2 thizy 3 thiry 4 thiry

a. Cot dp bom b. Téc dé dong chdy qua bom

Hinh 9: Anh hwéng clia téc d6 téi dong chdy

SO thuy va toc do rotor cling &nh hwdéng
dang ké t6i thong s6 dong chay co ban. O tat
cac treong hop, khi téc do rotor tang thi cot ap,
toc do dong chady déu ting (Hinh 9) véi dac
diém gan tuyén tinh.

35

—S—Kiéu 2 thiy

—t— K id0 tl/ihl.n/:

=8 Kicu 2 thiy

- o«

30 =% =Ki&qu Ty

——Kitu 4 thy

o

=]
LA

chay (m/s)

Cot ap (KPa)
o8
-
>

-] -
5 B, Y e |
i L s . ——
10 = L2 e—
S _ A =
e
I's
0 — 0 T
‘ ' 300 1200 1500
900 1200 1500 vong/phit  vong/phut  vong/phiy

vong/phit vong/phit vong /phi

Toc d6 rotor Tdc db rotor

a. Cét dp bom b. Véan téc déng chdy qua bom

Hinh 10. Anh hwéng ctia s6 thity t&i dong chdy

Hinh 10 thé hién anh hwdng cla s6 thuy tdi
dong chay qua bom. Khi s6 thuy ting, s6 buoéng
chira ting I&én din t&i tAn s6 bién d6i cac thong
s6 dong chay tiang theo ti1é s6 thuy. Cot ap, téc
d6é dong chdy qua bom déu gidm khi ting so
thuy. Piéu nay c6 nghia khi stt dung bom rotor
c6 nhiéu thuy thi c6t ap bom va téc d6 dong
chay nhd. biéu nay sé anh hwdng téi kha nang
tao cOt ap lon cda loai bom nay. Loai rotor 2
thuy cho c6t ap 1é6n nhwng khi lam viéc téi téc
do cao thwong dnh hwéng téi bé mit rotor dan
téi gidm d6 bén ciia bom. Do vay loai rotor 2
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thuy hién nay it st dung. Trong nghién cttu
nay, tac giad st dung bom rotor 3 thuy dé xét
anh hwédng cia khe hé rotor téi dong chay qua
bom.

Khi khe hé hai rotor tiang thi ton thit thay
lwc s& tang 1én, d6 12 nguyén nhan co ban dan
téi sw gidm cot ap bom. Bang 3 cho két qua méb
phdng cot ap bom véi khe hé hai rotor thay déi
tir 0,1 - 0,2 mm.

Gia tri cot ap c6 sw thay ddi theo chiéu
hwéng tang 1én khi khe hé gidm, nhung lwong
thay d6i khong dang ké va c6 thé coi nhw khéng
anh hwéng téi kha nang tao cot 4p bom. Khi
khe hé& cang nho thi viéc ché tao bom cang
phttc tap nén khe hé hai rotor bom & mirc
0,2mm la hop ly.

4.Két luan

Nghién ctru nay st dung phwong phap mo
phong dong luc hoc dong chdy CFD dé phin
tich anh hwdng cta bién dang hinh hoc rotor
bom t&i cac thong s6 cia dong chay nhw cot ap,
tdc d6 va lwu lwgng. Qua trinh mo phong thuc
hién trén 3 mo6 hinh rotor bién dang ho dwong
cycloid kiéu 2 thuy, 3 thuy va 4 thuy & 3 toc do
rotor khac nhau 900 vong/phut, 1200
vong/phit va 1500 vong/phit. Két qua mé
phong thé hién dwgc sy bién doi tudn hoan cé
chu ky cua cot ap, téc do va lwu lwong dong
chay qua bom. Bom canh khé rotor kiéu 2 thuy
cho cot ap, toc d6 dong chay lén nhat. Khi téc
do rotor tang thi cac thong sé co ban cia dong
chay tang gan tuyén tinh v&i téc dd rotor. S6
thuy rotor cang lén thi khd nang tao cot ap
giam, van toc dong chay giam. K&t qua nghién
ctru ciling cho thiy khe hé rotor trong khoang
0,1 - 0,2mm khéng anh hwéng nhiéu téi dong
chay qua bom canh khé.
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THONG TIN BAI BAO TOM TAT

Qud trinh: Hiéu qud lam viéc ctia by nghich lwu trong hé théng phdt dién pin mdt tro

Nhan bai 15/04/2021 hoa lwéi phu thudc vao nhiéu yéu té tir khdu tdng dp, khdu diéu ché dén

Chap nhin 16/8/2021 khdu loc ddu ra. Khdu tdng dp c6 vai tro ddm bdo bién dé dién dp ddu ra

bing online 19/12/2021 ndm trong pham vi nhdt dinh. Bai bdo nay trinh bay két qud nghién ciru,
thiét ké ché tao mach tang dp DC/DC, lya chon hé sé chu ky D (Duty cycle)

Twr khéa: c6 xét dén sw dnh huéng cia cwong do birc xa mdt troi. Két qud thuc

Hé thong PV hoa lwdi, Bo
bién d6i DC/DC, hé s6 chu ky
D, Theo d&i diém phat cong
suit cwc dai toan cuc GMPPT

nghiém thdy rdng véi cdu triic mach thiét ké va hé s6 chu ky D dé xudt da
cdi thién dworc hiéu sudt ctia mach tdng dp, ndng cao hiéu qud lam viéc cho
bé nghich lwu va t6 ré khd ndng trng dung trong thuec té.

© 2021 Trwong bai hoc M6 - bBia chat. Tat ca cac quyén dwoc bao dam.

1. Mé dau

B0 bién do6i DC-DC ting ap ché do chuyén
mach c6 nén tang bat ngudn tir viéc phat trién cac
bd bién ddi tang ap diéu ché do rong xung
(PWM). Céac ciu trac lién két DC-DC tang ap
chuyén do6i cdc mirc dién ap thip thanh cac mirc
cao hon bang cach tam thoi Ivu trit ning lwong
dau vao sau d6 gidi phong né & dau ra véi mot
mirc dién ap cao hon. Cac lwu trir nhw vay c6 thé
dwoc thye hién & cac bo phan lwu triv tir treong
(cudn cam) hodc cac b6 phan lwu trit dién treong
(tu dién) qua viéc sir dung cac yéu t6 chuyén
mach cht dong va thu dong (cong tac dién va di-
6t) (. Trong nhiéu (rng dung, chang han hé théng
PV hoa lwéi E. Figueres, G. Garcer3, J. Sandia, F.
Gonzalez-Espin, and ]. C. Rubio, 2009) va cac hé
théng phat dién dung ning lwgng tai tao, can
thiét phai st dung bd chuyén doi véi hé so ting
ap cao. Cac bd chuyén doi ting 4p DC/DC khac
nhau da dwoc trinh bay trong cac tai liéu (S.
Deshpande and N. R. Bhasme, 2018); (S. Chen, L.
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Zhou, Q. Luo, and B. Zhu, 2013). Tuy vao yéu ciu
dat ra sé st dung cu tric cach ly hoac khong
cach ly (M. Forouzesh, Y. P. Siwakoti, S. A. Gorji,
F. Blaabjerg, and B. Lehman, 2017). Cac bd
chuyén déi st dung bién ap c6 thé thu dwoc hé s6
tang ap cao bang cach diéu chinh ty s6 vong day
va st dung cac linh kién c6 gia tri dinh mrc thip
dé giam ton that dan. Tuy nhién, cac dién cAm ro
gdy ra gai dién ap cao trén cac linh kién cong suit
va thudng doi hoi mot mach dap xung (snubber).
C6 thé str dung mach dép xung kiéu dién tr¢ - tu
dién - diode (RCD) hodc mach kep dé giam ton
thit nang lwong (M. Sahoo and S. Kumar K,
2014); (P. Marabeas, D. Coutellier, J. Yang, S.
Choi, and V. G. Agelidis, 2011)

Hiéu suit ctia mach ting 4p DC/DC hay hiéu qua
lam viéc cho bd nghich lwu phu thudc vao nhiéu
yéu t6 khac nhau nhu: ciu hinh; thiét bi dién ti
cong suit; phwong phap diéu khién; ky thuit bam
theo diém cong suit cuc dai; diéu kién moi trueong;
cOng suit truyén tai qua bd bién déi;... Va cac yéu td
nay lién quan dén nhau, hgp thanh dé€ ning cao
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hiéu qua lam viéc ctia bo bién doi. Tuy nhién, mét
s van dé can xem xét thém, thir nhat dé thiét ké
mot bo chuyén doi nhé gon, phai ¢ cich dé gidam
thiéu hodc loai bd cac ton thit chuyén mach. Trong
trwong hop nay cac ky thuit chuyén mach mém va
cong hwong dwoc ap dung cho cac bd tang ap cao;
thir hai la trong khodng thoi gian cong suat diu ra
cta tAm pin mat troi (PV) rat thap thi hiéu suit cia
b6 bién ddi DC/DC van rat thip va chwa c6 dwoc
motbd s6 liéu du tin cdy trong mot pham vi dd rong
cta dai tin s6 diéu ché dé xac dinh méi quan hé
gilra tin s6 bam ap va do rong xung diéu ché dén
hiéu suit ctia bo bién d6i DC/DC; thit ba la viéc xac
dinh diém c6ng suit cwc dai (MPPT) truyén thong
rat kho dé theo doi khi c6 bong che mot phan do ¢
nhiéu diém MPPT dia phwong (A. Kumar, 2015);
(P. Kumar, G. Jain, and D. K. Palwalia, 2015). Trong
bai bio nay, chiing t6i sé trinh bay dé xuit ciu hinh
tang 4p DC/DC méi bang cach st dung mot ciu
hinh ting 4p st dung it khoa ban dan, it cudn khang
va hé s0 tang ap cao hon cac ciu hinh théng
thuwong. Tir d6 dan dén viéc diéu khién dé dang
hon, it ton thit trén linh kién, hiéu suit tang, giam
kich thwéc va trong lwong mach, chi phi thip. Bén
canh d6, chung tdi ciing tinh toan lwa chon hé s6
chu ky D (Duty cycle) hop ly c6 xét dén anh hudng
cta cwong do birc xa mit troi. Két qua thue nghiém
cho thay: mach dé xuit da cai thién dworc hiéu suit,
nang cao hiéu qua lam viéc bo nghich luwu.

2. Mach tang ap DC/DC dé xuat

2.1. Cau hinh mach tdng dp DC/DC dé xudt

ND:

43

‘ :03 Z\Ds
- ~C:
ND.

Hinh 1. Cdu hinh mach tdng dp DC/DC dé xudt
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Hinh 1 mé ta ciu hinh mach ting ap DC/DC dé
xudt, bao gdbm mot ngudn cung cip DC voi dién
ap ngudn Pin quang dién (Vi,), mot khéa ban dan
chuyén mach (S), ba diode (D1, D2, D3), mdt cuén
cam (L), ba tu dién (Cy, Cz, C3). Pau ra ra dwoc néi
v&i tai tro (Rioad). Gia tri dién ap dau ra Vo tiang
cao nho hoat dong ctia khoéa ban dan S va kha
nang tich trir nang lwong cta cudn day L va tu
dién Cs lam cho dién ap trén tu C; va Cz cao hon
dién ap ngudn cip. Phwong phap diéu khién dwa
trén phwong phap diéu ché do réng xung PWM.

2.2. Phan tich mach

C4u hinh tang ap nay hoat dong dua trén hai
trang thai d6ng mé khda ban dan S.

? I\D: L

T~C:

NDs

Hinh 2a. Trang thai 1

Trang thai 1 (hinh 2): trong khoang thoi gian t
= T-Ton, kh6a S mé, lic nay nang lwgng trén nguén
va nang lwong trén cudn khang L sé dwoc nap qua
cac tu C; va C3 théng qua cac diode D1 va Ds. Dién
ap trén tu dwoc xac dinh theo cong thirc (1):

! &
in T — TON

o day: Uct, Uz, Uz 1a dién ap trén tu Cy, Cz, C3; Uin
12 dién ap nguodn; T 1a chu ky chuyén mach; Ton 1a
thoi gian dong khoa ban dan S

U =Usz =0

Trang thai 2 (hinh 2b): trong thoi gian Ton, khoa
S déng. Luc d6 nang lwong tir nguén DC sé tich trir
vao cudn khang L. Trong trang thai nay khoa S va
D, déng nén dién ap tir tu C3 sé nap qua tu C,. Dién
ap trén tu C; c6 gia tri bang dién 4p trén tu Cs.
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~C ¢
- |
RLoadE:

~C;

—

Hinh 2b. Trang thdi 2
T

ol O

Thay (2) vao (1) c6 thé xac dinh dién ap trén tu
C1 va Cz nhuw phwong trinh (3):

! 3

Do dién 4p trén 2 tu C; va C; bang nhau va déi
xtrng, nén dién ap trén tai (Uieaa) O gia tri la:

Nhwvay: U, = Uz = U;

U =Ugmp =Upy

1
Uroada = Ue1 + Uy = 20U = 2——= Uy, (4)

1-D
Khi d6 hé s tang 4p ctia mach (k) la:
kg = 2 5
= O

T (5) gid tri chtahésé chukyDla:0<D <1

Nhuw vay, cdu hinh mach tang ap dé xuat chi st
dung mot khéa ban dan chuyén mach S. Bén canh
d6 ciu hinh cho hé s6 nhan 4p cao nhwng dién ap
trén cac tu Cs, C, Cs3 va dién ap phuc héi nguoc
trén cac diode D1, D2, D3 chi bang mot nira so véi
dién 4p diu ra. Do d6, c6 thé st dung diode
Schottky cé gia thanh thip va gidm thiéu cac ton
that lién quan dén viéc phuc héi ngwoc diode.

3.M6 phéng va thwc nghiém
3.1. Théng s6 ky thudt ddu vao

Lwa chon céc linh kién cho mach, gobm cac théng
sO v&i yéu cau Ky thuat ctia mach nhw sau: Dién ap
danh dinh: 1a dién 4p cta tAm pin tai diém c6 cong
suit cuc dai: Vy = 52V. Dién 4p 16m nhit: 14y bang
dién ap hé mach ctia tAm pin: Vimax = 65V. Dién ap
cuec tiéu: la dién ap toi thi€u dé Arduino diéu khién

déng ngit cho MOSFET  (Metal-Oxide-
Semiconductor Field Effect Transistor): Vimn =
15V. Pién ap dinh mirc dau ra: 1a dién ap dau ra tai
diém c6 cong suit cuc dai khi khéng cé bong che,
Von = 165V. D(‘)ng tai 1&n nhat: lomax = VON/RL =
165/154 = 1,1 A. D6 rong xung t6i da Dmax = 80%.
Tan s6 dong cat: f; = 40kHz. Cac loai mach tich hop:
gom cac cam bién, mach xtr 1y tin hiéu phuc vu diéu
khién MPPT.

Nguén cip DC [ "| Mach ting ap :a(;
(Pin quang dién) | V¥ o dc-de dé xudt I‘ga
Vv lov T
A4 A 4
GMPPT | PWM| Mach kich
(Arduino) Mosfet

Hinh 3. So' d6 mé hinh thuc nghiém

Mach thuc nghiém cdu hinh tang ap dé xuat
dworc diéu khién bdi board Arduino UNO Rs. Mach
tang ap dé xuit dwoc xay dung véi mét MOSFET
cong sudt két hop véi mach kich dé€ diéu khién, 3
diode xung, 3 tu dién phan cuc dwoc str dung dé luvu
nang lwong tam thoi trong mach va cuén cam, mo
hinh thwc nghiém dwoc cho & hinh 3. Phin mém
PSIM duoc str dung dé khéo sat cdu hinh tang ap dé
xudt véi giai thuat do di€ém MPPT bang GA va P&O
cho hé théng PV lam viéc trong diéu kién birc xa
dong nhit va c6 bong che mot phan. Trong bai bao
nay, ching toi khao sat hé théng PV cong suat 60W
(c6 36 cell) lam viéc trong 3 trwdng hop c6 cac mirc
birc xa khac nhau véi nhiét d6 méi truedng (250C)
va tai khong thay doi.

Bdng 1. Théng sé cdc linh kién stt dung trong mo
phdng va thwc nghiém

Théng so Gia tri
Cudn day L 0.4mH
Diode D1, D2, D3 MUR1660CT
A Cy, C2, C3 470uF/250V
Tu dién Cin 470uF/100V
Khéabandan | S IRFP250N
Tén s6 chuyén mach (fs) 40kHz
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Hinh 4. Cdu hinh mach tdng dp dé xudt tim MPPT
3.2 Két qud va thdo ludn
e C4u hinh mach tiang ap dé xuit véi nguén mot
chiéu c6 dinh
105.8
Vo_mplytuong

Vo_mpfonthat Vo_thucnghiem

105.6

015
Time (s)

Hinh 5. Dién dp ddu ra V, ctia cdu hinh tdng dp

Hinh 5 la dang séng dién ap dau ra cta ciu
hinh ting 4p dé xuit. V&i hé s6 chu ky D = 0.5,Vin
=30V, R = 80Q & diéu kién ly twdng khong xét
dén ton that ndng lwong trong bo chuyén doi, gia
dién 4p diu ra mé phong la V, = 120V thé hién
qua dwong mau dé. O diéu kién c6 xét dén ton
that nang lwong thi gia tri dién ap dau ra mé
phoéng la V, = 105.65V thé hién qua duwdng mau
xanh dwong. Gia tri dién 4p dau ra thuc nghiém
1a V, = 104.25V thé hién qua dwong mau hong.

« Khdo sat mach tang ap dé xuit véi nguoén DC
c6 dinh & nhiéu hé s chu ky va tin sé chuyén mach

Két qua so sanh hiéu suat mo phong va thuc
nghiém ctia ciu hinh dé xuat véi dién ap dau vao Vin
=50V, hé s6 D = 0.5 dworc trinh bay & Hinh 7. Hiéu
suat do dwoc & cdc mikc tai khac nhau dwdi tin sd
chuyén mach khac nhau. Hiéu suit thuc nghiém
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cao nhit cua bd chuyén dé6i 1a 91,5% & tan s6
chuyén mach f = 65kHz.

95 f=40kHz
;\3
=90
B3]
7
&.85
é’ MOd phong
Thuc nghiém
80
50 100 p (W) 140 170
95 f=50kHz
S
= 90
s
Z
3.85 Mb phong
s Thyc nghiém
80
50 100 p (yv) 140 170
f=65kHz
92
S 90
&
2 88
3 g6 M6 phong
an) Thuc nghiém
84
50 100 P (W) 140 170

Hinh 6. So sdnh hiéu sudt mé phdng va thuc nghiém
ctia cdu hinh theo f;

Vi tin sO chuyén mach f = 65kHz, dién ap dau
vao Vix = 30V, hiéu suit md phdong va thuc nghiém
do dwoc & cadc mike tai khac nhau dwéi cac hé s6 chu
ky (D) khac nhau dwgc thé hién & hinh 7. Hiéu suat
thuwc nghiém cao nhit do dwocla 91% & hésé D =
0.35. Nhin chung, két qua dién ap dau ra, hiéu suit
gitta m6 phong va thwe nghiém c6 sy chénh 1éch 1a
do ton that ndng lwong trén cac linh kién, dic biét
12 dién tré noi tiép tu dién ESR ma trén phin mém
mo phong khong thé mé ta chinh xac dwoc (khong
c6 thiét bi ho tro nén khong xac dinh dwoc chinh
xac dién tré noi tiép tu dién ESR).
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95 D=0.35
90 /
\(g 85 1 /
& "
= % —e— M5 phong | ! |
Thuc nghi¢ém . . . Y A . .
& Hinh 8. Ddc tuyén P-V ctia hé théng pin quang dién
0 0 P (W) 100 150 1000-800-600 W/m?
= P(W) )
% D=0.5 ) .
/o\ - W‘V__'_u—
% - H‘rr
= 86 -
2 , ol
5@. 84 / I S F N A 0 S
T 82 —@—M056 phong \a
Thuc nghiém |
80 nt;sl
0 0 4 w) 100 150 Hinh 9. Két qud m6 phéng do diém MPPT véi gidi
thudt P&0 va GA 1000-800-600 W/m?
% D=0.7 Trudong hop 2: Cac tAm pin c6 mirc birc xa lan
/—\‘M\‘ lwot 1a 800-400-200 W/m? (diém cuc dai toan cuc
85 / nam & gitta)
g8 "
5@-75 =®—M0o phong
s 70 Thuc nghiém
0 50 P (W) 100 150

Hinh 7. So sdnh hiéu sudt mé phdng va thwc nghiém
ctia cdu hinh dé xudt theo hé s6 D

e C4u hinh mach ting ap dé xuit véi ngubn pin
quang dién va do MPPT

Truong hop 1: Cac tAm pin ¢ mikc birc xa lan
lwotla 1000-800-600 W/m?2 (diém cuc dai toan cuc
nam bén phai)

Hinh 8 thé hién dic tuyén P-V cta hé thong pin
quang dién véi mirc biec xa lan lwot trén cac
module la 1000-800-600W/mz2, do d6 dac tuyén cé
3 dinh cdng suit cwc dai nhung dinh c6 céng suét
16m nhit 12 127,47W nam & phia bén phai. Hinh 9
thé hién diém cong suit ma giai thuit P&0O va GA
dé do MPPT dugrc chay trén ciu hinh ting ap dé
xuat. Nhan thiy rang giai thuat GA do ra dwoc diém
c6 cong suat cuc dai 1a 127,1W, trong khi d6 giai
thuit P&O bi roi vao diém cuc tri dia phwong &
gitrala 108,1W.
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Hinh 10. Bdc tuyén P-V ctia hé théng pin quang dién
800-400-200 W/m?

Hinh 10 mo ta dic tuyén P-V ctia hé PV véi mirc
birc xa lan lwot trén cac module 13 800-400-
200W/m2, do ddc tuyén c6 3 dinh cong suit cuc dai
nhung dinh c6 cong sudt1én nhatla 55,79W nam &
gitra. Hinh 11 thé hién diém céng suit ma giai thuit
P&O0 va GA do dworc chay trén ciu hinh ting ap dé
xuit. Qua hinh nhan thiy rang giai thuat GA do ra
dugc diém co6 cong sudt cyc dai la 55,82W, trong
khi d6 giai thuat P&O bi roi vao diém cuc tri dia
phwong & bén trai la 50,98W.



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

PW)

Hinh 11. Két qud mé phdng do diém MPPT vdi gidi
thudt P&0 va GA 800-400-200 W/m?

RV

Truong hop 3: Cac tAm pin ¢ mirc birc xa lan
lwotla 1000-200-300 W/m?2 (diém cuc dai toan cuc
nam bén trai

Hinh 12. Ddc tuyén P-V ctia hé thé;rulg pin quang dién
1000-200-300 W/mz

P(W)
.
. = 3 ——

P&O0, GA 1000-200-300 W/m?

Hinh 12 thé hién dic tuyén P-V cia hé thong véi
mikc birc xa lan lwgt trén cac module 12 1000-200-
300W/mz2 Pic tuyén c6 3 dinh cong suat cuc dai
nhuwng dinh c6 cong sudt1én nhatla 63,62W nam &
phia bén trai. Hinh 13 thé hién diém cong suit ma
giai thuit P&O va GA do dwoc chay trén cdu hinh
tang ap dé xuat. Qua hinh 13 nhéin thay: ca 2 giai
thuit déu do ra diém c6 cong suit cuc dai. Trong
tredong hop nay do diém birc xa nam phia bén tri,
bén canh d6 hé s D lic khéi dong nam gan diém
nay nén vo tinh giai thuat P&0 do ra dwoc. Nhung
trong thuc té€ da s6 cac dinh c6 cong suit cuc dai
thwdng nam bén phai hoic & gitra, nén str dung giai
thuit P&O dé do diém cong suit cuc dai trong hé

as
t(s)

thudt

134

théng PV lam viéc trong diéu kién c6 bong che tirng
phan khong hiéu qué bang giai thuat GA.

4. Kétluan

Bai bdo da dé xuat mot ciu hinh tang 4p DC/DC
gitp gidm s6 linh kién ban dan, hé s6 nhan 4p cao,
hiéu sudt cao so v&i cau hinh truyén théng da dwoc
nghién ctiru trwedre d6. Cu hinh c6 cu tric don gian
nén dé dang kiém tra hu héng va xac suit hw héng
trén cac linh kién thap. Ngoai ra, bai bao ciing trinh
bay phwong phap diéu ché do rong xung, két qua
phan tich mach va tinh toan, Iwa chon linh kién cho
ciu hinh ting 4p DC/DC dé xuit va ap dung giai
thuat do diém cong suit cuc dai trén cdu hinh dé
xudt. Trén co s& ly thuyét da dwoc trinh bay, mo
phong va thue nghiém da dwoc tién hanh dé chirng
minh kha nang hoat dong ciia mach. Ttr két qua mé
phong va thue nghiém da kiém chirmg dwoc mot sé
wu diém ctia mach ting ap DC/DC dé xuit

Pong gop cia cac tac gia
T4c gia Nguyén Dirc Minh phu trach 1én y twéng

va dé xuit cdu hinh mach DC-DC ting ap, lam thuc
nghiém.

Téc gia D6 Nhu Y phu trach xay dung kich ban
nghién ctru va phéi hop véi tic gid Nguyén Dirc
Minh dé 1am thuc nghiém.

Téc gid Trinh Trong Chwdéng phu trach xay dung
thuat toan, lap trinh va kiém tra tinh chinh xac cta
ndi dung va két qua bai bao.
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Phwong phép gia cong banh rang co6n rang thang bang ky thuat
CAD/CAM/CNC
Tran Ptrc Huan 1, Nguyén Thanh Tung!*, Lé Thanh TAm?2, Nguyén Vin Minh2, Nguyén Van Toai?
L Khoa Co — Pién, Truong Dai hoc M6 - Bja Chat, Viét Nam.
2 Trung tam ky thudt tiéu chudn do liong chat lwong 1 (Quatest 1)

THONG TIN BAI BAO TOM TAT

Qud trinh:

Nhan bai 15/04/2021
Chip nhin 16/8/2021
Pang online 19/12/2021
Tir khéa: Bdnh rdng
cong, CAD, CAM, CNC

Trén co s& cua céng nghé CAD/CAM va cdc bién déi phep todn hoc, Bai
bdo da trinh bay phwong phdp xay dwng mdé hinh todn hoc bé mdt bdnh
rdng con rang thang Tw co sé¢ do viéc thiét ldp dwo'ng chay dao, mo
phdng qud trinh gia cong bdnh rdng cén duwoc ho tro tir cdc phan mém
CAD/CAM/CNC Két quad thwc nghiém khi ‘gia céng bdnh rdng con trén
mdy CNC cho thdy dé chinh xdc dat duoc cdp 5 theo TCNV va sai léch bién
dang réng ciing nhw bwéc rdng ndm trong gié han cho phép.

1.Mé dau

D€ gia cong banh ring chung ta phai dau tw
may moc va thiét bi chuyén dung nén néu khong st
dung hét cong suit sé gay ra lang phi, dan tdi gia
thanh san phdm cao. Do d6 nguwoi ta chi dau tw
ching dé gia cong cac banh rang phd bién, tic la
banh rang c6 modul nho va trung binh. P6i véi cac
banh rang phi tiéu chuin, banh rang 16n, hodc banh
rang dung trong cac thiét bi dac biét thi viéc thiét
ké, ché tao gdp nhiéu kho khan do thiét vé trang bi
may méc chuyén dung trong khi thwe té la da phan
cac phan xwdéng déu dwgc trang bi may CNC
(Computer Numercial Control). V4n dé la lam thé
nao dé tin dung duwgc may CNC dé cé thé dap ing
dwoc yéu ciu ché tao banh riang. Mot s6 nghién ctru
da dwa ra dworc cac phwong phap khac nhau khi gia
cong banh rang con trén cac may CNC. Nhom tac
gia [1] da mo phdng gia cong banh rang con trén
may tinh, sau d6 tién hanh gia céng thuwc nghiém
trén may phay CNC 3 truc. Nhom tac gia Lé Cung,
Bui Minh Hién [2] d4d dwa ra phwong phap gia
phwong phap thiét14p dwong chay dao khi gia cong
banh rang trén may phay CNC. Nhém tac gia Lé
Cung, Lé Phuwéc Hoang [3] dwa ra két qua qua trinh

“ Email: nguyenthanhtung@humg.edu.vn
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tao phoi banh ring con bang phwong phéap dap thé
tich, ap dung trong gia cong banh rang con.

Trong nghién cru nay, nhom tac tap trung
thiét 1ap mo hinh todn hoc xay dé€ xiy dung bé mat
banh ring con rang thang, tir 6 tién hanh xay dung
dwong chay dao khi gia cong trén may phay CNC.
Pay la buéc quan trong trong viéc gia cong may
banh rang con trén may phay CNC.

2. Co’ s& phwong phap gia cong banh rang con
trén may CNC
2.1. Xay dung bé mdt banh rdng cén rdng thdng
bién dang thdn khai.

Theo [4] thi cho dwong thing A lin khong
trwot trén dwong tron Ry diém M trén sé tao ra

dwong than khai (Hinh 1)
M
K
2N\
eX -
- 0 M

Hinh 4: Hé toa d6 duong than khai
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Phwong trinh dwdng than khai trong hé toa do curc,
phwong trinh (1)

p— (1)

~ cosa,
0, =tga, —a, =inv(a,)

Néu cat banh riang bang mot tiét dién vudng
goc voi dwong rang thi giao tuyén thu dwoc la
dwong than khai. Banh ring con thing c6 tiét dién
thay déi giam dan ttr mdt mut16n dén mat muat nho,
do vy modul banh rang ciing thay ddi theo cac tiét
dién banh rang. Ta cit banh rang theo mit con phu
16m thi ta dwgec mot banh rang tru twong dwong.

2z
"=z

b€ xiy dwng phwong trinh bé mat than khai
cho banh rang con, thi ta xady dung phwong trinh
dwong than khai cho mét tiét dién j trong hé toa do
vuong gdc voi dwong rang, sau do st dung phép
quay toa do dé dwa phwong trinh dwa phwong trinh
vé hé toa d6 cia banh ring. Xét trong hé toa do
o’x'y'z’ (Hinh 2)

Hinh 5: Sor d6 thiét 1ap bé mat banh rang
Ly 1 diém M batky trén dwong than khai, toa
do diém M trong hé toa do o’x'y’z. N6 duwogc xac
dinh theo phwong trinh (2)

X' =R';)y .cos(6,) =R";, .cos(inva,) (2)

Y'u =R -sin(g,) = Ry, sin(inve, )
2y =L-L,

Trong d6: invox = tanayx - ox

vaRj<Rm< R voi o, <a, <a,,

min —

P |

Chuyén hé toa d6 o’x’y’'z’ sang hé toa do oxyz
bang cach quay hé toa d6 0’x’y’z’ quanh truc oy mot
gbc dung bang goc con @, sau dé tinh tién mot doan
00’ dé dwa goc O’ vé 0. Toa do diém M trong hé toa
do oxyzla:

X

Xim M

Yim |= Ry((o).T(0,0,00'). Y

Zim 2
cosp 0 sing ][1 0 0 || Xm
-0 1 0o o1 o0 |y, ®
—sing 0 cosep (|0 O OO Z'
Trong do:
OO'=—me'(Re_bsm¢).cos(p+ 4)

e

+ (Re—bsing)tan g +bcose

V&i Re 12 ban kinh vong dinh banh rang. D€ thiét1ap
phuong trinh cho bién dang rang bén tréi ta tién
hanh quanh hé toa d6 mdt géc véi Z 1a s6 rang banh
rang can thiét ké. Phwong trinh bé mat rang bén
trai ciia rang banh rang dwoc xac dinh nhw sau :

Xpu | [cosp 0O sing ][1 0 0 Jfcosug —sing 0] Xu
ym|= 0 1 0 {01 0 |sing cospg 0|y
Zi —sing 0 cosep [|0 O OO'||0 0 1 'y

)

2.2. Xay dwng dwong chay dao cho bdnh rang
con rdng thang bién dang than khai.

Khi gia cong banh rang than khai, ta st dung
dwong chay dao bam theo bé mat than khai, cho
dao chay theo bién dang cia dwong than khai (Hinh
3).
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Hinh 6: Pwdng chay dao

Banh rang con dwoc coi twrong dwong véi
banh rang tru cé banh kinh bang chiéu dai con L
[5]. Ta chi banh rang theo cic tiét dién vuéng goc
véi dwong rang thi ta s€ cé cac banh tru rang
thang twong dwong c6 ban kinh Ri = Li Chon
dung cu gia cong banh rang la dao phay dau ciu
(ball mill) c6 dwong kinh Ry dé gia cong banh
rang. Phwong trinh chay dao & tiét dién thi j
trong hé toa d6 o’x’y’z’ trong tiét dién j (Hinh 4)

X'y =Ry, .cos(inve, ) + Ry .sina,

Yy =R’ sin(inve, ) -R,..cosa, (6)
Z',=L-L,

M

Hinh 7: Sor @6 tinh dwong chay dao

Toa do diém I trong hé toa do oxyz,
cling la phwong trinh dwong chay dao.

Xj | [cosp 0O sing [[1 0 0 Xy
yol=l 0o 1 0 Jo1 o |y, |[(?
Z. —singp 0 <cosep ||0 O OOz

i i

Tham s6 00 tinh nhw phwong trinh (4)
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DE thiét 14p phwong trinh cho bién dang

rang bén trai ta tién hanh quanh hé toa d6 mot goc
27[ s \ N ’ n ~ ~

U= 52 véi Z 1a s6 rang banh rang can thiét ké.

Phwong trinh dwong chay dao trai dwoc xac dinh

nhw sau:
10 cosu —sinu
01 0 |
; 00

8

0
2.3 M6 phong qua trinh gia céng banh rdng con
rdng thdng.

Trong nghién ctru nay, phdn mén MASTERCAM [6]
dé mé phong qua trinh gia cong ctia banh rang con
rang thang véi thong s6 m = 10 s6 rang Z = 12. Qua
trinh mo6 phong dwoc thwc hién qua cac buérc:

X

Yii
Zl

0 0
0

1

X'
Y
7

cosp 0 sing
0o 1 o0
—sing 0 cosg

il

Budc 1: Thiét 14p phoi, dwong kinh phéi xac dinh
dwa trén dwong kinh ngoai 16m nhat ciia banh rang
con c6 tinh dén lwong dw gia cong,

Budc 2: Chon dung cu cat, Néu chung ta sir dung
phwong phap gia cong trén may CNC thi ta s dung
con dao phay dau cau ( Ball Mill) d€ gia cong banh
rang.

Budre 3: Thiét lap dwong chay dao cho gia cong thé
banh rang.
Budc 4: Chon ché dd cit dwa trén co sé tinh toan
ché do cat trén may cit CNC.
Buéc 5 : Chon cac thong s6 khac : nhw mat phang
10i dao, m3t phang cat, ché dd boi trom,..
3. Két qua va thao ludn

Qua trinh mo6 phoéng gia cong dwoc thuc

hién tirng buéc nhw muc 2.3 va thu duoc két qua
nhw hinh 5, 6
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Hinh 9 M6 phong gia
cdng

Hinh 8 Puwong chay
dao

Két thic qua trinh mé phdng, tip NC
gia cong sé dwoc hinh thanh va nhap vao may
CNC thdéng qua bd doc dw liéu. Ché do cong
[7]

nghé gia cong da thiét 1ap trong tip NC

var,

Hinh 10 Qué trinh gia céng

Viéc do kiém bién dang rang dwogc tién
hanh do kiém bang phwong phap CMM.

Hinh 11: Po kiém trén may do toa d6 CMM

Dit liéu diém sau tir may do toa do, va duoc
ki€m tra bang thuat toan nhw hinh 9
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Nhap toa o diém do

vong lap for j=1,n

Tinh Yy

Tinh AYM

Tinh AYqg

Hinh 12 Thuét to4n kiém tra

1 2 3 4 5 [ 7 3

9 10 1 12
Thir tirrang

0

Hinh 13 Két qua sai l1éch buwéc rang
|

HI|||I|I|
i*l‘l‘l”

Vi tri diém do trén mét ring

Sai 1éch bién dar

Hinh 14 Sai léch bién dang rang

Phéan tich s6 liéu do dugc trén may CNC, thi
banh rang gia cong trén may phay CNC dat cip
chinh xac 5 theo TCVN. Sai léch bwéc rang nhé hon
0.2% (Hinh 10) va sai léch bién dang rang nh6 hon
0.1 % (Hinh 11). Két qua nay cho thiy viéc gia cong
banh rang cén trén may phay CNC dap trng dworc
yéu ciu cua thyec té€ str dung.
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4. Két ludn

Trén co s& rng dung CAD/CAM/CNC,
nghién ctru nay da xay dung dwoc mo hinh
to4an hoc bé mitbanh ring con ring thang bién
dang than khai dwa trén co s& ctia phuwong
trinh hinh hoc va cac phép bién d6i hinh hoc
phang va khong gian. Tlr d6 dwong chay dao
dé gia cong banh rang c6n ring thing trén co
s& md hinh toan hoc da dworc thiét 1ap. Baibao
dwa ra cac bwé'c mo phéng gia cong banh rang
thwc hién trén phidn mén CAM va da thw
nghiém gia céng trén may CNC van nang. Két
qua kiém tra bién dang ring bang phwong
phép do toa d9 CMM cho thay banh ring gia
cong dat cip chinh xac 5 va dap &ng dugc yéu
cau ky thuit vé do chinh xac ché tao rang banh
rang.

Tai liéu tham Khao
[1] P.V.P. Lvu Phwéc Binh, "M6 phong gia cong

banh rang con trén may tinh,"” Tap chi Khoa hoc va
céng nghé, Pai hoc Bach khoa Panang, vol. 1, 2008.
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[2] B. M. H. Lé Cung, "Phwong phap thiét lap
dwong chay dao gia cdng cho may phay CNC ba
truc," Tap chi Khoa hoc va cong nghé, Pai hoc Bach
khoa Pa néng, vol. 2, 2009.

[3] L.P.H.Lé Cung, "Nghién cttu anh hwdng cta
mot s6 théng s6 dén luc dap va kha nang dién day
khuén khi dap phéi banh rang nén,"” Tap chi Khoa
hoc va céng nghé, Pai hoc Bach khoa Pa néng, vol.
5,2000.

[4] T.K. L.DPinh Gia Twong, "Nguyén ly may," Nha
Xuit ban Khoa hoc ki thut.

[5] N.T. Hiép, "Chi tiét may," Nha Xuit Ban Gido
Duc, 1999.

[6] www.mastercam.com.

[7] T. V. Pich, "Cong nghé gia cong CNC," Nha
Xuit ban Khoa hoc Ky thuét, 2003.
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Nghién ctru xay dung phwong trinh xac dinh dwong kinh va
van téc quay cta dia chia liéu may nghién ly tdm va dip truc
dirng
Nguyén Khic Linh %, Nguyén Van X6 1, Nguyén Dang T4n !, Lé Thi Hong Thing !

1 Khoa Co Dién, Trwong Pai hoc M6 - Pia chdt, Ha NJi, Viét Nam

THONG TIN BAI BAO TOM TAT

Qud trinh: Hién nay cdt tw nhién dang ddn tré nén khan hiém va ngay cang bi siét chdt,
Nhan bai 15/04/2021 viéc tim ra ngudn cung cdt (cdt nghién nhdn tao) tai ché tir dd thdi ctia cdc
C}jﬁp nhén 16/8/2021 ma than dé ddp trng nhu cdu xdy dung dang gia tdng cé y nghia quan trong
bang online 19/12/2021 doi véi sw phdt trién ctia Viét Nam. Tuy nhién dé sdn xudt thanh céng cdt
Tir khéa: nhdn tao cdn cé thiét bi phu hop. Qua qud trinh dp dung thir nghiém cho thdy
Hat vatliéu, dia chia liéu, mdy nghién ly tdm va ddp truc ditng c6 thé ddp trng dwoc yéu cdu trén voi
toc do quay sdn phdm (dd nghién) c6 ham lwong hat vun thdp (dén 10%), hat tron v.v. O

trong nwéc chwa cé don vi ndao ché tao thanh céng thiét bi nay. Do dé mdy
nghién ly tdm va ddp truc ditng dang dworc str dung chii yéu dwoc nhdp khdu
tir Trung Qudc, My... vdi gid thanh va chi phi cao. Mgt phdn nguyén nhdn la
do cdc nha ché tao trong nwéc con thiéu hiéu biét, thiéu cdc tai liéu hudéng
dan tinh todn vé loai thiét bi nay. Trong bai bdo nay nhém tdc gid thuc hién
cdc nghién ctru, phdn tich co ché ctia qud trinh gia téc cho hat vdt liéu va ddp
v& dé xdy dung 1én phwong trinh mé td sw chuyén ddng cta hat trong dia
chia liéu (roto), tir dé thiét Idp 1én méi quan hé gitva bdn kinh ctia dia chia
liéu va vdn vong quay cta dia. Pdy la co sé ddu tién dé thwc hién cdc bwdc
tinh todn cho cdc bd phdn tiép theo ctia thiét bi.

© 2021 Trwong Pai hoc M6 - Dia chat. Tt ca cac quyén dwoc bao dam.

1. Mé dau co trwot 1& bai thai trong diéu kién thoi tiét bat
thwong nhu thoi gian hién nay 1a pht hop véi nhu
cAu phat trién ctia dat nwéc.

Theo nhiéu nghén cru cho thiy néu ap
dung may nghién con trong san xuit cat nhan
tao thwong chi cho ra t6i da 15% ty 1€ (0 - 5Smm)
trong qua trinh nghién d4, con may nghién truc
ding ly tdm va dap cho ra t&éi 60 - 85% cat
(Wermter K., 1988). (A6xynxanoBa M.IO,,
2011). Gan day cac thiét bi nay dang c6 mat tai
cac cong trinh thi cong thiy dién nhw Son La,
bong Nai 3 va 4, Song Tranh, bé tong Hung
PP Vwong, dap thiy loi Tan My 16n nhat Viét Nam,
"Tdc gia lién hé thiy dién Lai Chau, toa nha Landmark H9 Chi
E - mail: nguyenkhaclinh@humg.edu.vn

DOI:

Vi diéu kién tai nguyén cat tw nhién han
ché va ngay cang siét chat thi viéc tim ra nguén
cung cat tai chd dap trng dwoc nhu ciu xay dung
dang gia ting c6 y nghia quan trong doi véi sw
phat trién cia qudc gia. San xuit thanh cong cat
nghién nhan tao tir da cat két tai bai thai mo da mé
ra hwéng di méi, bén virng cho nganh cong nghiép
vt liéu xay dung, dong thoi giam tai ap lwc dat da
d6 thai & cdc mo than viing Quang Ninh, giam nguy
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https://labcare.com.vn/thu-hoi-cat-min-tu-nuoc-rua-cat
https://labcare.com.vn/thu-hoi-cat-min-tu-nuoc-rua-cat
https://labcare.com.vn/thu-hoi-cat-min-tu-nuoc-rua-cat
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Minh..... Cat nhan tao c6 rat nhiéu wu diém vwot
troi so véi cat ty nhién (labcare.com.vn). St
dung cat nhan tao, theo tinh toan cda cac nha
khoa hoc, gidm dwoc téi 10% xi mang trong
cung 1 mac bétong va 35% nhwa dwong. Voi day

iy

St

Sang rung so
cap

May nghién
ham so cap

chuyén c6 st dung may nghién truc dirng da di
vao san xuit tai Péng Nai, chit lwong da dam va
catnhan tao tot, ty 1€ hat det trong da dam 1a 4%
(nghién thong thwong ty 1€ 1a 35%) trong cat la
7%.

May cp liéu rung

May nghién
cat chuyén
dung VSI

Sang rung thir

cap

Cat

Hinh 1 - Sor do diy chuyén sdn xuét cit nhan tao

Nguyén tic hoat dong clia may nghién
truc dirng dwa trén sy tang toc cia cdc manh vat
liéu trong may nghién (vat liéu dwoc gia toc
dwéi tac dung cta lwc ly tim va chay vao buéng
nghién v&i toc do cao), vwot qua dang ké toc do
pha huy véat liéu sau khi va cham. Péng thoi
trong budng nghién tao thanh mot 16p 16t. Lop
16t nay c6 nhirng phin giéng nhw cac héc giap
gitt lai mot 16p nguyén liéu & d6 dé do nhirng
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nguyén liéu tiép theo bay téi. Khi va dap "da vao
da" hay "va dap tw do", cac manh da bi pha hiy
thanh cac manh nho hon dwa trén cic mat
phiang phan cit cua khoang vat va cac vét nit
bén trong khoang vat dwoc hinh thanh trudc do.
Cac hat tao thanh cé hinh dang gin vé&i hinh
dang cua tinh thé, thyc té€ khéng cé vét nit bén
trong, nghia la, d6 bén nén cta ching tang 1én so
v&i dd bén cia cac manh ban dau.
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Vit liéu dwoc bang tai dwa tir phia trén
vao 16 nap 1 (Hinh 2), tir d6 no roi vao banh
cong tac ( dia chia liéu) 2. CAc manh vat liéu roi
xuong hinh nén cta dia chia liéu sau dé thay doi
hwéng di chuyén tir phwong thang dirng thanh
chuyén dong ngang. Dia chia liéu dwgc dan dong
béi dong co 8 va tao ra mot lwc ly tam tac dong
lén cac manh vat liéu, cic manh vat liéu sé di
chuyén doc theo canh dan cta dia chia liéu va di
ra ngoai vao buong nghién.

Hinh 2 - Sor db nguyén Iy mdy nghién truc dirng
1- Pwong dng cap liéu cho mdy, 2- Binh cong
tdc phan chia vt liéu, 3 - Tdm Iot, 4 - Vit liéu

nghién, 5 - Citva thdo vit liéu, 6 - Cdc tim dém
16t chéng mon, 7- Dao chia liéu, 8 - Pdng co
dién.

O’ phia ngoai ctia budng nghién, cac tui vat
liéu 3 dwoc hinh thanh béi cac hat vatliéu chiing
tao ra mot 1&p tw 16t, trong d6 cac manh vat liéu
nghién 4, dwgc day ra tir dia chia liéu, va va vao
nhau. Sau d6 vat liéu nghién roi xuéng qua ctra
thao 5 dudi tac dung cua trong lwc va dwgc dua
ra ngoai. P& dam bao tudi tho ciia may, trén dia
chia liéu 2, cac ranh cua dia chia liéu dwoc bao
vé bang cac phan tir chéng mai mon, c6 thé thay
thé khi chiing bi mon hong: tim dém 16t chéng
mon 6 (trén va dwéi), dao chia liéu 7.

Tt nhitng phan tich trén ta thiy ning
lwong nghién dwoc hinh thanh khi van téc cda
vién da bay ra khoi dia chia liéu da 16n. Van t6c
cua hat vat liéu phu thudc vao dwdong kinh va
van toc quay cta dai chia liéu. Vi viy viéc xay
duwng moi quan hé cda hai dai lwong nay hét strc
can thiét. 1a budc dau trong tinh toan thié ké
may nghién ly tim va dap truc ding.
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2.Xac dinh van téc goc va ban kinh dia chia liéu

2.1 Ly thuyét so’ sé vit Iy ctia qud trinh nghién
vé thé ran

Xuat phat tir cic cong trinh nghién ctiu
cia cac Vién si A.Ph.lophphe, P.A.Rebinder va
I.A.Phrenkel, xdc nhan: diac diém ciu tric cha
bat ky vat thé radn nao ciing déu ton tai cac
Khuyét tat nho. Cac khuyét tit nay c6 phan bd
thong ké theo chiéu day cua vt thé. Pong thoi
chung thé hién cuc bd ra bé mat ngoai. Chinh vi
c6 ddc diém nhw viy ma d6 bén (kha niang chong
lai s pha v&) bi gidm tir 100-1000 I4n so véi do
bén ctia vat ran thwc. Do d6 c6 hai khai niém do
bén cling ton tai: dd bén phan hiy va dé bén ky
thuat. Qua trinh bién dang cta vat ran duoc xay
ra véi sw gia ting cac phan tk hién cé va s6
lwgng cac khuyét tat. Khi quy mé cac khuyét tat
dwoc gia tang vwot qua gidi han, cung véi doé la
suw phat trién nhanh theo chiéu dai vét nit lam
vat thé bi pha v&. RS rang 1a c6 hai dang nang
lwong déng vai tro trong qua trinh pha hay vat
thé ran: nang lwong tich tu cta cac bién dang
dan héi va nang lwgng tw do.

Khi c6 tai trong tuin hoan véi moéi chu ky
tiép theo thi s6 lwgng cac vét nirt trong vt thé
gia ting va do bén cua vat thé gidm xuéng. Suw
xult hién cac vét nirt té vi trong ciu tric vat thé
sé lam gidm lwc lién két phan t&, lam giam do
bén mdt cach dot ngot. Hién twong nay da dwoc
Vién si P.A.Rebider phat hién va dat tén la "hiéu
wng Rebider”, hiéu rng nay dwoc s dung rong
rai trong kj thuat.

Khai niém chung vé pha hiy co hoc
nguyén liéu hat dwgc goi la co sé qua trinh dong
lwc hoc nghién. Co ché pha vé hat c6 dang co ché
pha hlly bing nén ép va qua trinh dién ra theo
so d6 pha hidy gion, nghia 1a khéng cé qua trinh
bién dang déo rd rét. Cing v&i quy ludt phan bo
cac phan tir san phdm nghién theo cac kich
thwéc cta ching thi ly thuyét nghién con nghién
ctu sy phu thudc ham sé gitra chi phi ning
lwgng dén qué trinh nghién v& vat liéu va mic
do nghién.

Nang lwong cin dé nghién vé da phu
thudc vao nhiéu yéu té: kich thwérc, hinh dang
hat, sw phan 16p cta hat, d6 bén, do gion, sw
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dong nhit cua da, do 4m hinh dang va trang thai
bé matlam viéc cia may nghién v.v... Do vay viéc
xac 14p quan hé gitra ning lwgng dé nghién va
cac tich chit co ly cua vat nghién rat khé khan.
Hién nay t6n tai cic gia thuyét nghién dwoc
trinh bay tiép sau (dwoc coi la cac dinh lut
nghién).
2.1.1 Thuyét bé mat

Thuyét nay do gido sw P.Ritinger nguwoi
DPirc néu ra nim 1867 dwoc phat trién nhw sau:
“céng tiéu hao dé nghién vat liéu ty 1& véi dién
tich bé mat mai tao ra trong qua trinh nghién”

As=f(AS)=K. a. AS, J, 1)

Trong d6: As - cong chi phi dé nghién v&
vat thé, tao thanh bé mit mai [J]; K - Hé so ¢6
tinh dén nang lwgng strc cang bé mat cua vat thé
clrng; AS - dién tich bé mat méi dwoc tao thanh
(sw gia tang dién tich riéng bé mit).
2.1.2 Thuyét thé'tich.

Thuyét thé tich dwoc nha co hoc nguoi
Nga V.LKirpitrev dé xudt nam 1874 va dwoc
gido sw nguoi Pirc Ph.Kik ki€ém chirng bang thuc
nghiém trén mday nghién kiéu bua vao nam
1885. Noi dung co ban cta thuyét thé tich :
"cong can thiét d€ nghién vat liéu ty 1é thudn voi
mirc do bién thién thé tich cta vatliéu".

A,:f(AV):%:KZ-AV:J, (2

Trong dé: A, - cébng giy bién dang;

ZL_ Hé s6 ty 1&; AV - phan thé tich vat
-E
thé bi bién dang; c - &ng sut lic bién dang; E -
modun dan hoi.
2.1.3 Thuyét dung hoa

O thuyét bé mit, khé xac dinh dwoc hé s6
K nén y nghia thuc té ctia cong thirc bi giam. ¢
thuyét thé tich, do thiéu hé sé ty 1&é cho cac
trwong hop cu thé nén cdng thirc trén khong
dwoc st dung rong rai.

Thuyét dung hoa nay dwoc Ph.c. Bon dé
xudt dé dung hoa hai thuyét trén vao nam 1952.
No6i dung ctia thuyét dung hoa: "cdng nghién ty
1é v&i trung binh nhan gitra thé tich (V) va bé
mat (S) cua vat liéu dem nghién”.

'%h:K"N'SZK' /KV.D3. ,KS-D2=K~D2*5 .Y, (3)

Sau khi bién ddi:

K,
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Ay =Kgy (%_%j

Trong d6: Aan - CoOng dung dé nghién; Kdh
- Hé s6 ty 1&; d - Pwong kinh ctia san phdm; D -
Pwong kinh cta vat liéu nghién.

2.1.4 Thuyét tong hop

Do c4 hai thuy&t bé mit va thé tich vin con
thi€u sét. Vi thé khi dwa vao thé tich, cac tinh
chat co ly cta vt liéu nghién trong bién dang,
vién s ngwoi Nga P.A.Rebinder lan dau tién vao
nam 1928 da dwa ra thuyét nghién téng hop con
goi la thuyét nghién co ban véi ndi dung: "céng
nghién vit liéu bao gom cong tiéu hao dé tao ra
bé mat méi va cong dé lam bién dang vat liéu"
va dwoc thé hién trong cong thirc:

A, =f(AV)+ f(AS)zA,+&’ ]
=K, AV +K-AS

Trong do6: Awm - Cong dé€ nghién vat liéu; A,
- Céng chi phi cho sw bién dang cua vt liéu; As -
Cong chi phi cho sw tao thanh cac bé mat méi; K
- Hé s6 c6 tinh dén ning lwgng sirc cang bé mat
cda vat thé cirng.

Qué trinh nghién la qua trinh phic tap
bao gobm nhiéu bién doi co ly cta vat liéu khi
nghién. Hai dinh luat bé mat va thé tich chi mai
quan tdm don thudn dén tirng giai doan riéng ré
cta qud trinh phic tap d6. Pinh luat thé tich chi
xac dinh nang lwong cho qua trinh bién dang
dan héi cua vat liéu ma khong ké téi s6 bé mat
mé&i dwoc tao thanh do miét vé gdy ra. Pinh luét
bé mat khong tinh dén ning lwong bién dang ma
chi ké dén ning lwong cin tao ra cac bé mit maéi
do miét v&. Nhiéu nghién ctru chirng t6 rang: khi
nghién v&i mirc do nghién nho (nghién bot),
dinh ludt bé mat cho két qua gan sat voi thue té
con & mirc d6 nghién nho (nghién hat) thi dinh
luit thé tich dang hon.

Céc thuyét nghién néu trén chila gan dung
dé nghién ctru va sé dwoc hiéu chinh vé mat thuc
nghiém trong tirng trweong hop cu thé.

(4)

2.2 Xdc dinh vdn téc goc cua dia chia liéu

Van tdc ly tAm tai ddu canh dan huéng cta
dia chia liéu dwoc xac dinh bang cong thirc:
T-w-r

= , m/s,
30

()
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Trong do

® - tan s cda dia chia liéu, vong/phut;

r - Ban kinh cta dia chi liéu, m.

Trong qua trinh hoat dong cia may
nghién ly tdm, cAic manh vit liéu nghién dwai tac
dung cta lwc ly tAm chuyén dong theo hwéng
cua cac canh dan hwéng véi tdc dd vkhi ra khoi
dia chia liéu va va vao cac hat hoac vach ngan.

Theo dinh ly Carnot (f16n0HCckuM AA.,
Huxkudoposa B.M,, 2002), dong nang ma cac vat
bi mat di trong mot va cham khong dan hoi bang
dong nang cla cac vat twong ng véi van téc bi
mét cda chdng.

Xét tic dong ctia vat bi nghién trong qua
trinh va cham, ta c6 thé viét phwong trinh dong
nang nhuw sau:

0 (6)
2 2

Trong d6 T, - T = A - nang lwong nghién,
J; To - la dong nang cha vat liéu trwéce kKhi va
cham, J; T - 1a déng ndng cda cac hat vat chat bi
pha hiy sau va cham, J; m - la khéi lwgng cia vat
liéu, kg; vi - tdc do trung binh ctia cAc manh hat
sau khi va cham.

Mot cach gan dung, téc d6 cia cac phan ti
vat chit sau va cham va pha hiy nhé hon 100
lan so v&i toc do cia vat liéu bi nghién trwéc khi
va cham, do dd, ching ta c6 thé cho rang dong
nang clia vat liéu T sau va cham bang 1-2% ctia
T.

Nhw viy nang lwong nghién can thiét
dwoc xac dinh nhu sau:

A=(0.98=0.99)-

2
m-v ) @)

Do d6, cong A sé phu thudc vao khdi lwong
cta cdc manh vit liéu bi nghién nat, trong khi,
néu mot manh vt liéu cé khéi lwong nhé thi
coéng A c6 thé khong du dé€ pha huy vat liéu. Can
lwu y rang cac hat min dwoc tim thdy trong
nguyén liéu ban dau cé thé da cé kich thwée
twong tw vdi kich thwéce cha thanh phdm ma
khéng can nghién.

Két hop véi phwong trinh (4) va phwong
trinh (7) ta tinh dwoc van toc can thiét trudc
va cham:
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(8)

[2:(K,-AV + K - AS)
“\ (0.98+0.99)-m

Thay vao céng thirc (5) ta c6 van toc goc
cua dia dwoc xac dinh nhw sau:

o= 30 ) 2(K2AV+KAS), rad/s, (9)
T-r (0.98+0.99)-m

2.3 Xdc dinh badn kinh dia chia liéu

Phwong trinh can bang lwc cta hat vatliéu
> o - - -
m-a=Fir+Far+Fe+Fc, kN, (10)
m-a - lwc quan tinh,
[d ’r
ma=m-| ——
Fir - 1a Iwc ma sat cia hat trén dia réto
Fo=1f-m-g, N;

Trong dé
il
dt? dt

Far - 1a lwc ma sat cda hat doc theo lwdi
dao, hodc doc theo tAm tw 16t
F,=2-m-f,-0V,,N;
Fe - lwcli tm
F=mao*r,N;
F¢-1a luc Coriolis
F.=2m-oV,,N;

Vi chiéu cao cda roto nho so véi dwong
kinh, ching ta gia sir rang chuyén dong xay ra
trong mot mat phang va c6 thé dwoc biéu dién
trong hé toa do cuwc Ore (hinh 3).

Nhuw vdy, phwong trinh cida chuyén déng
chiéu 1én truc rsé cé dang

2 2
dr r(‘ij—f} fl-g-cos(z—,b’)

a? 2
-2-f, 0V, -cos[%—ﬁj+a)2-r+2~a)-vd -cos 3

dt? (11)

Véi w - 1a téc dd goc cha dia chia liéu,
rad/s; £i va £ - hé s6 ma sat twong ing doi véi vat
liéu ctia dia va ludi dao chia liéu; Vg4 - 1a van toc
twong déi cua hat doc theo ludi dao, m/s; B - goc
gitra phwong chuyén dong ctia hat va phwong
vudng goéc vai luc li tam, do .
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Hinh 3 - Sor d6 chuyén ddng cua hat trén dia
chia liéu

Chuyén van téc goc va van toc twong doi
dwéi dang vi phan, chiing ta thu dwoc

, dr
2 -
N R
dt dt
dt dt

Cac canh cda dia chia liéu dwoc ché tao
theo dang xon &c logarit, dwgc xac dinh badi
phwong trinh r = a@ trong hé toa do cuc. Tir day
chung ta c6 thé nhan dwoc

p=1log,r,
oy (13)
“r-na’
Thay (13), va phwong trinh (12) ta ¢
0 O
r’ r
r———=—f -g-
r-(Ina)’ ' 0\

Ina (14)

(-

0
0
-2-f, T+ T2 ——
Ina
bay la mét phwong trinh vi phan phi
tuyén bac hai va dwoc gidi bang sd st dung cac
phan mém hd tro nhu MathCad, MATLAB v.v.
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Thdo ludn

Qua trinh di chuyén va va cham cda cac
hat trong khoang nghién ciia may nghién li tim
va dap truc dirng 1a qua trinh rit phirc tap. Nang
lrong nghién dugc sinh ra bang cach cac hat vat
liéu di chuyén véi van téc pht hop trwede khi hat
ra khoi dia chia liéu va va cham vao nhau. Nang
lrong nghién cling chinh 1a nang lwong cua cac
vu va cham gitra cac hat.

Két hgp phwong trinh (9) va phwong
trinh (14) ta dwoc hé phwong trinh (15). Hé
phwong trinh ndy dwoc gidi bang s6 st dung cac
phan mém hd tro nhu MathCad, MATLAB v.v.

30 [2:(K,-AV +K-AS)
o= .
T-r (0.98+0.99)-m
[2 ]
r r
r—= | 7=—1-9 > (1)
r-(Ina) 2 .
YRiE
Ina
0
. r
2-f, 01+’ r+2-0-—
Ina

3. Két luan va kién nghi

Tt nhitng nghién ctru phan tich & trén ta
c6 thé két luan rang:

- Nguyén ly pha v& dat da cia may nghién
li tAm truc dirng rat déc dao, gidp ting tudi tho
cda thiét bi nghién dong thoi ning cao chat
lwgng cia sdn phdm diu ra.

- Dwong kinh va vén téc dia chia liéu 1a hai
thong s6 rat quan trong trong tinh toan thiét ké
may nghién ly tdm truc ding. N6 dnh hwdng
truc tép dén kha nang dap vo vat liéu va hiéu
qua lam viéc cua thiét bi.

- Thiét 1ap dwoc phwong trinh tinh todn
thé hién moi quan hé giita ban kinh cta dia chia
liéu va van vong quay cua dia. iy la co s¢ dau
tién dé tinh todn cac thong s6 khac cta thiét bi.

- Can tiép tuc m& rong nghén ctiru dé xay
dung phwong phap tinh toan thiét ké dia chia
liéu hoan chinh.
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ABSTRACT

Establish the equations to determine the diameter and rotational speed
rotor of vertical shaft impact crusher

Nguyen Khac Linh?, Nguyen Van Xo!, Nguyen Pang Tan?, Le Thi Hong Thang!
1 Department of industrial machinery and equipment
Faculty of Electro-Mechanics
1 Hanoi University of Mining and Geology

Nowadays, natural sand is running out by the huge demand. The natural sand resources
formed by hundreds of thousands of years in many countries and regions are almost exhausted. As a
result, natural sand costs are getting higher and higher and cannot meet the increasing market
demand. In this case, the artificial sand came into being. Artificial sand, also called crushed sand or
mechanical sand (m sand), refers to rocks, mine tailings or industrial waste granules with a particle
size of less than 4.75 mm. It is processed by mechanical crushing and sieving. In Vietnam, no company
has successfully manufactured a Vertical Shaft Impact Crusher (VSI Crusher). VSI Crushers are
mainly imported from China, the US, so the purchase price is high. The main reason is the lack of
research papers on VSI Crusher. In this paper, the process of accelerating and breaking of material
particles are studied and analyzed to establish mathematical equations describing the movement of
material particles by rotor centrifugal crusher. Thereby, the relationship between the radius and
rotational speed of rotor is established. Based on this study, other parts of VSI Crusher are calculated
and designed.

Keywords: VSI Crusher, artificial sand, crushed sand, rotor centrifugal crusher
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Ban vé co ché bao mat trong mang IoT

Cung Quang Khang?,

1) Khoa Co dién, Trwong Pai hoc M6 Pia chdt, Viét Nam, email: cungquangkhang@humg.edu.vn

THONG TIN BAI BAO TOM TAT

Qud trinh: o . .

Nhan bai 15/04/2021 Trong trao Iwu chuyén dobi so, cdc thiét bi trong doi séng ndi chung va
Chap nhan 16/8/2021 thiét bi cdng nghiép ndi riéng déu cé xu hwdng tré thanh thiét bi loT
bang online 19/12/2021 (Intrenet of Things). Mang lién két cdc thiét bi IoT dwa trén nén tdng
Ttr khéa: Internet, do vdy nhu cdu bdo mdt théng tin cdn dworc ddc biét quan tam.

Bao mat, [oT (Internet of
Things), API (Application
Programming Interface),
MUD (Manufacturer
Usage Description)

cho hé thong IoT.

Trong bai bdo cdo nay sé chi ra nhwng nguy co xdm pham théng tin,
chiém quyén diéu khién va tdn cong hé th6ng mang dong thoi ciing goi y
mot s6 co ché bdo mdt théng tin. Ttr d6, cdc nha thiét ké thiét bi va hoach
dinh mang sé tim ra cdc gidi phdp bdo mdt thong tin va ddm bdo an toan

© 2021 Trwong Pai hoc M6 - Dia chat. Tt ca cic quyén dwoc bao dam.

1.M¢ dau

Sw ra doi va phat trién ctia cong nghé Internet
van vat (IoT - Internet of Things) cung véi cac
mang dich vu két néi téc dd cao nhw 5G, cong nghé
dién toan dam may (Cloud Computer) cling nhw
mo hinh xtt ly dit liéu 16n (Big Data) mé ra ky
nguyén chuyén d6i s6 dang mang lai nhirng loi ich
16m cho cac doanh nghiép va ngwoi dung. Theo dw
bao cta IDC (International Data Corporation - Tap
doan Dirliéu Qudc té), dén nam 2025 sé cd hon 40
ty thiét bi IoT dwoc trién khai trén toan thé gidi
voi mot lwong dir liéu cwe 16m, c6 thé dat téi 79
zetabytes (ZB) [1].

Cung véi viéc trién khai cong nghé 5G, cac thiét
bi [oT sé c6 mat & moi liic, moi noi clia doi séng xa
hoi. Thiét bi IoT ngay cang da dang, tir nhirng thiét
bi phuc vu cudc sdng thwong nhit (camera gidm
sat, cac thiét bi diéu khién nha théng minh) cho
dén cac thiét bi irng dung trong cac hoat dong xa
hoi thiét yéu (diéu hanh giao thong, an ninh, an
toan, gidm sat 6 nhiém moi trudng, va cac phwong
tién cong cong, xtr ly rac thai, cung cip nwéc, dién,
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khi dét). Trong cong nghiép, IoT dwoc stt dung
rong rai trong kiém soat, diéu hanh nha may va cac
day chuyén san xuit. Twong lai gin, [oT la mot
thanh phan thiét yéu ctia hé sinh thai cong nghiép
4.0 cling véi tri tué nhan tao (Al) mang lai loi ich
to lon.

Tuy nhién, cung v&i nhirng lgi ich ma thiét bi
IoT dem lai, nhitng &rng dung IoT ciling chira dung
nhiéu nguy co vé bao méit thong tin, dit liéu cling
nhw chiém quyén diéu khién. Pon gian cé thé chi
1a 16 thong tin ctia ngwoi dung thong qua camera
giam sat. Nguy co 16n hon nhiéu c6 thé la mat
kiém soat mot diy chuyén céng nghiép, mit an
toan, an ninh dan dén nhirng hau qua nghiém
trong. Vi dy, néu mot hé théng diéu hanh giao
thong hay cung cip nang lwgng bi tin tic tAn cong
c6 thé lam té liét ca mot d6 thilon. Do d6, cin phai
c6 co ché dé dam bao do tin ciy cho cac img dung
[oT, bdo mat thong tin trong mang loT. Bao cao
nay c6 muc dich dé cap dén cac nguy co tin cong
vao mang IoT va xiy dung co ché bao mit thong
tin cho mang loT.
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2.Mang IoT va cac nguy co’ bi tin cong
2.1 Mang IoT

Cac thiét bi IoT dwoc gin két véi nhau tao
thanh mang IoT hay 1a mot hé sinh thai, tty thudc
vao tirng muc tiéu cu thé ctia nguwoi dung. Cac
thanh phan ctia hé c6 thé mo ta trén hinh sau.

Sense Data Store & Event

N\
) Data aggregation ) Datatransmission

/ Data acquisition
ToT
| pevice ) Sensors Status & Info
| D':,L g { senveriCioud Embedded/Mobile/
L 4 5 Desktop
(G d . =]
Devices Core Network Applications
(sensor / actuator)
Act Order » "/ DamgBent
Data loading Ginotion Order transmission preparation Detect & React y

Hinh 1. Nhitng thanh phdn chinh ctia mét mang loT

Xét mang IoT nhu trén hinh 1, ta thy cic thiét
biloT (IoT Device) nhuw camera giam sat, cac tram
do, cic co cau diéu khién trién khai trén thuc dia
goi chung la cic thiét bi trwong, thdng qua cam
bién (sensor/actuator) ddm nhan thu thap dir liéu
(Sense Data acquisition) va truyén t&i cong mang
(gateway) dong vai tro tong hop dir liéu (Data
Aggregation) hodc truyén truyc tiép théng qua
mang truyén thong (3G/4G/5G) dén mang truyén
(Data Transmission) dan 15i (core network). Tt
day, cac thong tin nay sé dworc téi bd phan xi ly va
lwu trit dir liéu (Data Store & Event Processing) tai
cac may cha (Servers/Cloud) trén moéi trwong
dién toan ddm may. Nhitng dir liéu nay sé€ dwoc
khai thac béi cac trng dung (application) trén cac
hé théng nhung, thiét bi di déng hay cac may tinh
(Embedded/Mobile/Destop): mbi (rng dung cung
cap mdt hay nhiéu dich vu gia tri gia ting. Nhirng
dich vu nay c6 thé la tinh héa don (dién, nwéc, ga),
giam sat va diéu khién (giao thong, 6 nhiém moi
treong), can thiép tai chd (camera gidm sat).
Nhitng Gng dung ciing dung mang truyén thong
dé glri cac ménh lénh diéu khién xudng cac thiét bi
[oT. Quan hé trong mang IoT la kha phirc tap va cé
thé la:

a) Cac quan hé gitra cac thiét bi nhing va cic cam
bién, may thu thip dir liéu va co ciu chap hanh cé
lién quan.
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b) Cac quan hé gitra cic &ng dung di ddng va phan
meém diéu khién 1énh.

c) Cac quan hé gilta cac API (Application
Programming Interface) ddm may va cac dich vu
mang lién quan. Cac nha phat trién c6 thé sir dung
API d4m may dé ma héa va moi API cé mot dich vu
cta nha cung cip ddm may.

d) Cac giao thirc truyén thong mang cé lién quan
dang dwoc str dung, ching han nhu Ethernet, giao
thirc mang khong day 802.11 va giao thikc truyén
thong lién thanh phan (Zigbee, Z-Wave va
Bluetooth).

2.2 Cdac nguy co’ tdn cong vao mang IoT

Vi cau tric néu trén, mang IoT c6 thé bi tin
cong tir nhiéu huéng khac nhau. C6 thé liét ké cac
con dwong ma tin tic c6 thé tAn cong vao hé, dé la:

a) Tin tic c6 thé chiém quyén diéu khién cac thiét
bi [oT trién khai trén thyc dia: tin cong truy nhap
truc tiép vao cac thiét bi IoT.

b) Tin tic cling ¢ thé tip trung tin cong vao cac
may chd trén moi treong dién toan dam may.

c¢) Thong qua hé sinh thai IoT da bi tin tac chiém
valoi dung dé tAn cong cac hé thong théng tin khac
(vi du nhw tin céng tlr chéi truy cap théng qua hé
thong den giao thong).

Nhitng nguy co mit an toan thong tin nay la
dang lo ngai vi bao mat thwong it dwoc chu trong
trong quda trinh phat trién cic &ng dung IoT.
Théng ké ctia cic cong ty chuyén nganh cho thay,
phén 16m céc thiét bi loT c6 nhitng 16 hdng bado mat
phin mém nghiém trong nhu:

e Cau hinh khéng an toan (khéng thay ddi mat
kh4u ngam dinh khi cai dit, khong dong giao dién
khi soat 16i (debug));

e Yéu kém vé quan tri thiét bi cho phép tin tic truy
cp va chiém diéu khién tir xa;

e Str dung cAc giai thuat ma hda yéu dan téi cac
thong tin quan trong c6 thé dé dang truy nhap va
stra déi;

e Mat kiém soat trong qua trinh cip nhit phan
mém: mot thiét bi IoT cin thiét dwoc cip nhat
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thuong xuyén (firmware update) dé cai thién
chirc niang va stra 16i. Tin tic c6 thé trién khai ma
ddc trén tat ca cac thiét bi tai bwdc nay néu khai
thac dwoc 16 héng.

Trong cac diém yéu trén, viéc quan tri, Kiém
soat va giam sat thiét bi c6 thé dwoc xem la yéu té
then chét va cé tinh quyét dinh dén an toan thong
tin cta to chirc. S& di viéc ki€ém soat va gidm sat
thiét bi 1a quan trong béi s6 lwong cac cudc tin
cong tir chdi dich vu kiéu phin tian DDoS
(Distributed Denial of Service) ngay cang nhiéu,
ma nguyén nhin xuit phat tir viéc khong kiém
soat va gidm sat chat ché thiét bi, khién cac thiét bi
nay vo tinh tré thanh mang lwéi botnet cho cac
cudc tin cong tir chdi dich vy, nham vao cac muc
tiéu 13 hé thong thong tin quan trong quéc gia.
Theo thong ké cia APNIC (Asia Pacific Network
Information Centre), ti 1& cic cudc tin cong lién
quan dén DDoS la rat cao, chiém 87%. Do d6 vin
dé datrala phai giam sat dworc cac thiét bi [oT nay,
trong dé ba yéu té can quan tim do la: ai da truy
cAp thiét bi; sau khi truy cap, déi twong da thao tac
gi trén thiét bi; va cac tic vu da thuc hién trén thiét
bi d&nh hwdéng nhw thé nao déi véi hoat déng cla
hé théng mang.

T nhitng nguy co trén, can xay dung co ché,
giadi phap bao an toan thong tin trong mang loT.

3. Cac cor ché nham bao mat théng tin, nang cao
do tin cdy cho mang IoT

Tl nhitng moi quan hé trong mang IoT, ching
ta c6 thé xay dwng co ché dam bao bao mat cho hé.
bola,

3.1 bam bdo cdc thiét bi IoT dwa vao hé cé khad
nang bdo mat

Khi trién khai cic hé thdng mang IoT, cac thiét
bi IoT phai dwoc kiém dinh ddm bao an toan bao
mét. Do d6, can xay dung va trién khai nhirng
phwong phap kiém dinh an toan théng tin doc 1ap
1a gidi phap lau dai d€ nang cao do tin ciy cac ing
dung IoT. Cach ti€ép cin nay dwa trén nhitng
nguyén tic co ban sau:

- Nha san xudt cung cip sdn phAm mau va thong
tin can thiét cho co quan kiém dinh;
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- Co quan kiém dinh phai c6 dd nang lwc ki thuét
va chit lwong (cu thé 1a dat chuin ISO/IEC
17025);

- Quy trinh kiém dinh phai hoan toan doc 14p: nha
san xuit khong thé tac déng dén két qua kiém
dinh;

- San pham chi dwgc lwu hanh khi két qua kiém
dinh théa man cac chi tiéu an toan.

3.2 Kiém sodt thworng xuyén tinh trang an ninh
mang han ché téi da quyén truy nhdp, két néi
cdc thiét bi IoT

Khi trién khai [oT, viéc cai dit cac ch6t chin rai
ro 12 cin thiét nhung khéng di dé bao méat dix liéu.
Cac rii ro mang luén ludn bién d6i va gia ting, cin
thuwdng xuyén theo doi va cap nhat cac chinh sach
bdo méit. Do d6, cac thiét bi IoT luén dwoc cip
nhap firmware méi, cic ban va 16 héng bao mat.

Cac thanh phan két noi trong mang IoT can
thwdong xuyén tuan thu cac tiéu chuin an ninh
mang. Ttr d6, cin thuc hién thay déi thwong xuyén
mét khiu truy nhip trén cac thiét bi IoT.

Thém nita, mot trong cac giai phap bao mat la
khong c6 thiét bi ndo c6 toan quyén két noi véi
mdi treong loT clia doanh nghiép. Méi thiét bi can
dwoc ngdn chin khoi tin tic bang cach sir dung dia
chi IP bdo méit khong thé nhin dién tir mang
Internet cong cong. Trong trromg hop mot thiét bi
bi tAn cong, gidi phap nay dam bao tin tic khong
thé xAm nhap toan bd hé thong thong qua thiét bi
do.

3.3 Str dung mad héa bdao mat

Cac thiét bi trong moi trweong loT thwong cé
han ché vé nang lwvgng, kha nang xtr ly va cé bd
nhé thap (thwong tir vai KB RAM dén hang chuc
KB EEPROM). M6t gidi phap la cung cip cho thiét
bi [oT mét ma dinh danh duy nhit va khong thé
sao chép, bang cach 14y ma nay tir sw khac biét vat
ly cwe nhé gitra cac chip silic dworc tao ra béi sy da
dang ctia quy trinh san xuat trén tAm wafer. Mot
ma dinh danh nhw vAy c6 thé thay thé cho cac khoa
ma héa cin lwu trix, nén sé tiét kiém bo nhé.

C4c thiét bi IoT véi dinh danh duy nhit ¢ thé
giao ti€p an toan véi cac may chd dwa trén dam
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may thwc hién phan tich dit liéu va ra quyét dinh
trong hé sinh thai [oT. Tuy nhién, diéu quan trong
12 c4c thiét bi va may chu c6 thé xac thuc rang
chiing dang giao ti€p v&i cac thanh vién hop 1é
trong hé sinh thai cia ching. Piéu nay thuong
dwoc xt ly bang cach str dung chit ky s6 va co s¢
ha ting khoa cong khai.

Do d6, giao thirc trao déi khéa cin str dung cac
co ché hang nhe bao gdm: kh6a mit ma déi xing
va so d6 dan xuat khoa dwa trén ham bam (Hash
key derivation function - HKDF).

Trong ciu hinh bdo mit [oT dé xudt giao thirc
trao d6i khoa hang nhe, gom 2 khoa chia sé gitra
thiét bi IoT va Gateway, trong dé st dung mot
khéa chu déi xirng dai han, ky hiéu 1a Km, va mot
khoa chia sé ngan han (khéa phién) ky hiéu 1a Ks.
Khoa phién khéi tao dworc ky hiéu 1a Kiks. Ca khoa
cha va khoa phién khéi tao dwgc nhap thu cong
moét1an vao trong bd nhé EEPROM cuia thiét bi loT
va Gateway (cong két n6i mang). Moi Gateway xac
thuec thiét bi [oT théng qua cac Message (ban tin)
trao doi gitra hai bén, cic Message dwgc ma hoa
b&i khéa chi Km va dwgc bam nho khéda Kiks. Giao
thirc nay ddm bao ca hai bén déu c6 khoa chia sé
Ks, duwgce dung d€ ma hoa va tinh gia tri bam cho
Message phién. Vin dé nay c6 thé di sdu trong mot
bao cdo khac vé giao thirc trao d6i khda bao mat
cac thiét bj IoT.

3.4 Lwa chon nha cung cdp dich vu dién todn
ddam mady an toan

Khi cac thiét bi [oT lién két thang mang va hé
sinh thai IoT, lwu trir ddm may 1a mot trong nhirng
thanh phin quan trong. Viéc lwa chon nha cung
cap dich vu nay anh hwdng rat 1én dén bao mit
thong tin hé [oT.

Mang IoT thwdng st dung cac dich vu mang
khac nhau dé diéu khién tir xa, thu thap di liéu va
quan ly san phdm. Néi chung, cac dich vu mang va
API(Application Programming Interface) dam
mady la nhitng phan yéu nhit cta hé sinh thai IoT.
Cacnha phat trién cé thé stir dung cac AP1 ddm may
dé ma hoa va mdi API c6 mot dich vu cia nha cung
cip ddm may. Trong khi d6, cac API dam may c6
thé mang lai rti ro bdo mat cho cac rng dung dam
may, vi cac tic nhan de doa c6 thé dé dang tAn cong
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cac API khién dir liéu dich vu nhay cam gép rui ro.
biéu nay cé nghia la cc nha cung cip va trng dung
IoT phai xac dinh mirc d6 wu tién bao mat clia cac
API dam may. Khi d6, viéc lwa chon dich vy dién
toan ddm may an toan la co ché ddm bdo bao mit
théng tin ctia hé sinh thai [oT.

3.5 Gidai phap MUD trong bdo mdt théng tin
mang IoT

MUD la viét tit cia Manufacturer Usage
Descriptions, 1a gidi phap dwoc str dung dé giup
quan tri hé thong mang phan loai cac thiét bi IoT,
tr d6 xac dinh cac chinh sach hay quyén (policies)
vé quan ly truy cap thiét bi. Nguyén ly hoat dong
co ban cua gidi phap dwgc mo ta nhw hinh sau:

\'
Ty
M

Hinh 2. So’ do ludng dir liéu trong MUD

Dau tién thiét bi IoT sé glri dinh vi tai nguyén
thong nhat MUD-URL (MUD-Uniform Resource
Locator) dén thiét bi mang. MUD-URL la dwong
dan dwoc nha san xuit 1ap trinh d& nhung vao
thiét bi, duwoc xem nhw chudi dinh danh thiét bi. Ba
phwong thirc duwgc st dung dé giri MUD-URL tir
thiét bi [oT dén thiét bi mang la LLDP (Link Layer
Discovery Protocol), DHCP (Dynamic Host
Configuration Protocol) va giao tiép chuin 802.1x.

Cac thiét bi mang sau khi nhan dwgc MUD-URL
sé chuyén tiép théng tin nay dén MUD Controller
(dwoc xem 1abo xit Iy trung tam). Sau dd, dwa trén
MUD URL, MUD controller sé& két n6i dén MUD file
server clia nha san xudt thiét bi [oT qua giao thirc
https. Sau khi xac thwc thanh cong, mét file MUD
twong trng sé dworc tai vé tir MUD File Server (dam
may lwu tri¥). Thiét bi mang sau khi nhan dworc file
MUD dwoc chuyén tiép tir MUD Controller dén sé
thuc thi cac chinh sach quan ly danh sach truy cap
(access-list) twong (rng doi véi thiét bi IoT dang
két néi trén no.
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Dwa trén so d6 dwong di cia ludng dir liéu, co
thé thdy duogc rang MUD controller c6 vai tro quan
trong nhat, lam nhiém vu chuyén doi tap tin (file)
MUD nhin dwoc tir File Server thanh quyén
(policy) twong trng. Khi d6, dwa trén cac quyén
nay, hé théng chi m& mot s6 cong dich vu nhat
dinh va chi cho phép mot s6 dia chi IP dwoc phép
truy cap thiét bi. Trong truedng hop tin tic mudn
tin cong, chiém quyén diéu khién thiét bi IoT la
khong thé, bdi dia chi IP cta tin tic da bi chan béi
tip cac quyén quan ly truy cip tao béi MUD. biéu
nay phan nao gi¢i han lai rui ro va kiém soat dwoc
ludng dir liéu truy cip vao thiét bi.

Hang cung cap giai phap mang Cisco la don vi
tién phong trong nghién ctru va dé xudt giai phap
MUD, nham gia tdng do an toan cho thiét bi IoT.
Tuy nhién giai phap MUD khéng mang tinh doc
quyén trén dong san phadm ctia hing ma dwoc st
dung nhw mét tiéu chuin mé vé an toan thong tin
trén thiét bi IoT. D&i véi cac cong ty chuyén vé san
xuat thiét bi [oT, viéc can lam 1 13p trinh d€ nhing
MUD-URL vao phin mém firmware (diéu khién)
trén thiét bi, déng thoi thiét 1ap mot may cha
mang (ddm may) dong vai tro MUD File Server
trén mang Internet. Diéu nay phan nao sé giup gia
tang tinh canh tranh vé thiét bi IoT cta chinh
doanh nghiép, do tinh an toan dwoc chi trong. Doi
v6i cac doanh nghiép khi mua sdm thiét bi IoT
cling can chu y dén kha nang ho tro MUD trén thiét
bi. Viéc st dung cac thiét bi IoT c6 hd tro MUD gitip
doanh nghiép han ché dwoc cic nguy co tin tic
(hacker) chiém quyén diéu khién thiét bi va st
dung thiét bi IoT cta chinh doanh nghiép cho
mang lwdi botnet tin cong DDoS.
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4.Kétluian

Cung vG&i chuyén d6i s6 trong thoi dai cong
nghiép 4.0, sy phat trién manh mé va da dang cda
cac ng dung IoT la xu hwéng cong nghé tat yéu.
(' Viét Nam néu qua trinh nay khong dwoc quan
tdm dung mirc sé dé dang roi vao bay clia gidi tin
tac quoc té. Cac thiét bi [oT la loai thiét bi c6 kha
nhiéu diém yéu va rat dé bi théa hiép béi tin tic.
Do d6 dé nang cao tinh an toan cho hé théng,
ngudi dung, cac té chirc doanh nghiép cin c6 hiéu
biét va xay dung chinh sdch bdo mit thong tin trén
loai thiét bi nay.

Thuc hién cac co ché bdo mét trinh bay trén
day sé dam bao hé sinh thai mang IoT dwoc an
toan, mang lai hiéu qua dich thuc cua trién khai
cac ng dung IoT cho doanh nghiép va nguoi
dung. Vi bao cdo nay hy vong cac nha phat trién
tng dung IoT, cac doanh nghiép va ngwoi dung
quan tam ding muc téi vai tro bao mat cia mang
IoT nham tranh cac rui ro cho hoat déng ctia hé
thong.
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Motor Control is nowadays the core technology in electric vehicles. For electric
drivetrain system, control structure and control strategy play an important role
because they directly affect to the performance and efficiency of the vehicles. The
control structure has to ensure the robustness and reliability even the motor runs
at high speed, while the control strategy is responsible to improve motor efficiency.
These are complex tasks due to the variations of the motor parameters. This paper
focuses on assessing control structure and control strategy for permanent magnet
synchronous motors that are widely used to provide the vehicle traction force.

structure Based on these assessments, a robust structure and an optimal strategy are
suggested to control the motor in both base-speed and field weakening areas. This
suggestion is verified by simulation to show how well the controller works.
© 2020 University of Mining and Geology. All rights reserved
Nomenclature
Ug, Ug | direct and quadrature stator voltages Ry stator resistance
Iy, Iq direct and quadrature stator currents, Lg, Lq direct and quadrature stator inductances
W, We Mechanical and electrical frequencies Youm permanent magnet flux linkage
Umax | Voltage limit, Uy, = Upc/V3 Zp number of pole pairs
T, electromagnetic torque ¥q, ¥4 | directand quadrature stator flux linkage

1. Introduction

Nowadays, environmental concerns,
environmental regulations on CO2 and exhaust
emissions are factors driving development of
electric vehicles (EVs). In this application,
permanent magnet synchronous motors
(PMSMs) are widely used for traction drive
because of their advantages, such as such as high
efficiency, high power factor and high power
density (Windisch, Hofmann, 2011). To control
the PMSMs as well as three-phases motors, up to
now field oriented control (FOC) is the most
common method (Quang, Dittrich, 2015). Fig. 1
shows the block diagram of the FOC method. As
can be seen, in the speed mode (dash line) the

torque demand is provided by the speed
controller, while in the torque mode it is an
independent control quantity. Here a question
arises as to how the current references for current
controllers are generated. To answer this
question, some control strategies related to
optimization algorithms were presented in
literature as summarized by (Nguyen, 2017).
They can be classified into three categories:

(1) Model-based control (MBC),

(2) Search control (SC),

(3) Hybrid control (HC).

SC and HC strategies base on the iterative loop
to seek the optimum point, so they take a long
time to achieve the stable state and can cause the
disturbance in the electromagnetic torque during
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the search process. Thus, both SC and HC
strategies are not suitable for applications with
frequent changes in the operating point such as in
electric vehicles, where the steady state period is
short. In contrast, MBC strategies can quickly
achieve the optimal state point and, therefore,
they may be suitable for the automotive
application (Nguyen, 2017). However, MBC
strategies require motor parameters, which are
difficult to determine exactly and can be changed
due to effect of saturation and temperature.
Because of this disadvantage, MBC strategies are
needed to be further developed in the direction of
considering the variation of motor parameters.

. 2
I3

Current Uda

Reference @

Generator 9

w* e
v peed | o
Q= I control |
w

|
|
|
| W,
|
|
|

Fig 1. Field oriented control principle

One of EVs features is that the motor can run at
very high speed (called field weakening area),
where limitation of current and voltage have to be
taken into account for determining the current
references. For this feature, the motor controller
needs be able to operate in both base speed and
field weakening areas as well as the control
structure needs to designed to provides a smooth
transition between both (Peters et al, 2012;
Schroder, 2009). Some control structure were
suggested in these references, but there is no
assessment being done as to which one is suitable
for the control system of the EV traction drive.

This paper focuses on assessing control
structure and control strategy for the traction
control system of EVs. From the assessment, a
control structure based on Lookup Tables (LUTSs)
considering nonlinear saturation effect and iron
losses is proposed. The LUTs are calculated
utilizing the Maximum-Torque-Per-Ampere
strategy with the variation of motor parameters
obtained from Finite-Element-Method (FEM)
simulation results. Appropriate state points
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(id, iq) are selected with respect to the motor
speed and the actual DC voltage, which can vary
considerably with the battery state of charge
(SOC) in EVs. Finally, the suggested structure is
verified by simulation based on the system
parameters in Table 1.

Table 1. Electric system parameters

Parameter Value
Nominal torque 150 Nm
Nominal speed 7000 rpm
Number of pole pairs 4

Nominal DC-link voltage 400 VDC
Direct stator inductance 110 uH
Quadrature stator inductance 290 uH
Permanent magnet flux linkage | 0.0532 Wb
Stator resistance 6 mOhm

2. Motor Control
2.1. Motor Model and Loss Model

The mathematical model of the PMSM is
described in the dg-coordinate system as follows
(Schroder, 2009):

Uq = Rgig + ar we‘I’q (2)
Yy,
Uq = Rsiq + d—tq + we¥y4 3)
¥q=Y¥pm + Laiqg €©))
¥, = Lyiq (5)
3
T, = Ezp(qfdiq — Wyig) (6)

It should be noted that the relationship
between flux linkages and stator current
components becomes nonlinear due to the
saturation and temperature effects, especially at
high load or high speed (Windisch, Hofmann,
2011). Fig. 2 illustrates the flux linkages obtained
from FEM simulation for the example motor.

The drive consists of the components inverter
and machine, with both causing power
dissipation. In the motor, electrical losses ( Pjyss)
are divided into copper losses, iron losses and
stray losses (Junggi Lee et al., 2008):
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PCu = 15Rs(l§ + lé) (7) PSW = f(iph' E! fsw' UDC) (11)

Pre = Crew? (Y3 + ¥2) (8) Depending on (1) + (5) we can design the

P — 20:2 1 2 9 current controllers by utilizing the FOC method,
ser = Cser? (i + lQ) putitis not our objective. In this paper, we focus

where Cg,, ¥ and C;, are loss coefficients that can
be varied by motor operating point.

Psi d [mwb]

Psi PM [mWb]

Fig 2. Flux linkages from FEM

In inverter, losses are composed of switching
losses and conduction losses of the transistors
and diodes: (Windisch, Hofmann, 2011):

Pcona = f(iphrfr (P) (10)

Table 5. Model-based control strategy for PMSM

on generating the current references for the
current controller based on (6) + (10). This is
presented in next subsections 3.2 and 3.3.

2.2. Control Strategy
Operation in constant torque region

As already mentioned, the MBC strategy
should be used for the EV traction motor. In the
constant torque region, appropriate operation
points are chosen by utilizing the optimization
control strategy:

rﬂif} Ploss(id: iq) s.t. Te(id: iq) = Teref (12)

iq)iq

Depending on which losses are considered in
the loss function Pj,qs some MBC strategies were
reported in literature (see Error! Reference
source not found.). Note that for the MTPA
strategy only basic motor parameters such as Rq,
Lg, Lq and Wpy are required (see (2)-+(7)) while
other strategies need more experimental
parameters (see (8)=+(11)) that are difficult to
determine. In the other words, finding a solution
to minimize total power losses is a challenge
because it requires too much effort to determine
system parameters. It is the reason why using
MTPA strategy is suggested in this paper:

@Pm(id,iq) s.t. Te(ia iq) = Terer (13)
ld,lq

Strategy

Considered Losses

Reference

Maximum  Torque Per

Ampere (MTPA) Pioss = Pcu

(Meyer, Bocker, 2006)
(Schroder, 2009)

Minimum motor losses

Ploss = Pcu + Pre + Pstr

(Junggi Lee et al,, 2008)
(Peters etal.,, 2012),

Minimum total losses

Ploss = Pcy + Pre + Pstr
+PCond+PSW

(Pohlenz, Bocker, 2010)
(Windisch, Hofmann, 2011)
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To overcome the problem of motor parameter
variations, the MTPA control characteristic is
calculated by using the FEM simulation results (see
Fig. 2). Thus, both nonlinear saturation and iron
loss effects are taken into account. Fig. 3 shows
comparison of two MTPA characteristics obtained
by using nominal motor parameters (nominal
trajectory - red) and by using FEM simulation
results (FEM-based trajectory - blue). Both
characteristics are calculated from (13) by using
Matlab-Optimization-Toolbox. It can be seen that
for high torque or high speed the operating point
differs significantly from the nominal trajectory.
The reason is the variations of the motor
inductances at high current due to the magnetic
saturation. Due to lack an explicit formula for the
MTPA strategy, LUT is used for the FEM-based
MTPA strategy.

Operation in field weakening region

MTPA control strategy will be maintain as long
as the point (iq,iq) is still located within
limitations of the current and voltage (Meyer,
Bocker, 2006; Schroder, 2009):

i§+ 02 < I2ax (14)
uf +ud < Udax (15)

As MTPA point (ig, iq) is outside the limitations
(14) and (15), it has to be re-calculated so that the
copper losses reach minimum while the torque is
maintained equal to its reference or reached as
maximum as possible. So the loss minimization
problem (13) can be rewritten as:

min Po(ia )

id)iq
Te(ig, iq) = max < Teyer (16)
s.t. Ri§+id < I

uf +ud < Udax
The problem (16) can be solved by numerical
method such as using Matlab-Optimization-
ToolBox. Fig. 4 shows the results including control
characteristics with constant speed for the

Fig 5. Current reference generator diagrams

simulation motor. Here the parameters Lq, L4 and
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Yoy are obtained from FEM simulation
considering the saturation and iron loss effects. As
can be seen, when the speed increases, the control
characteristics are moved to the direction of
decreasing the direct stator current. The torque is
maintained equal to its reference or it is controlled
to reach the maximum value if input power is
limited. Thus, this strategy is called Maximum-
Torque-Per-Watt (MTPW). Note that at low speed
where the voltage limitation can be neglected, the
MTPW characteristic is coincided with FEM-based
MTPA one in Fig. 4

MTPA
600

500

@
<3 S
S S

Quadrature Current [A]

N
<3
S

0 -350 50 -100 -50

Oiroct Gurrent A1
Fig. 3. MTPA characteristic:

Control Characteristics - MTPW.

Speed
increasing

Quadrature Current [A]

Fig 4. Control characteristics
2.3. Control Structure

Fig. 5 summarizes some block diagrams of
current reference generator reported in literature
(Lee et al., 2008; Schroder, 2009; Pohlenz, Bocker,
2010; Windisch, Hofmann, 2011; Peters et al,
2012). In Fig. 5a and Fig. 5b the current references
are calculated offline based on MTPA strategy (13)
and used as LUT. To avoid using LUTSs, structures
in Fig. 5¢c and Fig. 5d use the outputs of the PI-
controllers as q - axis current reference while d -
axis current reference is calculated based on an
explicit formula, which is the solution of (13) when
neglecting the variation of the motor parameters.
The structures in Fig. 5a + Fig. 5d can be applied
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only for motor operation in constant torque
region, not appropriate for EV traction.

To control the motor operating in both constant
torque and field weakening regions, the structures
in Fig. 5e and Fig. 5f supplement I-controllers with
voltage feedback. In the constant torque region, the
I-controllers are inactive by using saturation
blocks and the current reference are generated by
the MTPA strategy. In the field-weakening region,
the I-controller are active and the d-axis current
reference is moved so that the state point (id, iq)
lies on the voltage limit curve. In this way, the d-
axis flux linkage is reduced and the motor can
operate in the field-weakening region. The main
disadvantage of these structures is that they need
convergence time to achieve a new steady state.
Thus, they are not suitable for the EV traction,
where the operating point is changed frequently.
To overcome the problem of convergence time, in
this paper the LUT-based open-loop control
structure is proposed in Fig. 5g. By utilizing motor
parameters from FEM simulation, the current
references are calculated offline founded on the
MTPW strategy (16). When neglecting the stator
resistance, at steady-state the voltage components
in (2) and (3) can be rewritten as ug = —w.¥,
and ug = we¥q4. Thus, torque limit Tj;, can be
calculated under conditions (14) and (15) as
follows:

i+ 02 < Ihax

Unax\®> (17)
™
All offline results are then used as LUTs. In this
way, we can avoid the problem of convergence
time and the motor can runs in both constant
torque and field weakening regions with the
smooth transition between both. The simulation
results shown in Fig. 6 demonstrates this remark.

max Te(ig, iq):
id,iq

W§+W(fs(

3. Conclusion

In this paper, the realization of a Lookup-Table-
based open-loop control structure for a permanent
magnet synchronous motor based on the
Maximum-Torque-Per-Watt strategy is presented.
Because the proposed control strategy utilizes the
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Finite-Element-Method simulation results to
calculate the stator current references for the

Speed [RPM]

[2] Meyer M, Bocker ]. (2006). Optimum
Control for Interior Permanent Magnet

d-Currents [A]

Measured
Reference

| 200f
1 -300F

-400

Measured | |
Reference

-

Field Weakening

15 2 25 3
Torque [Nm]

1

|

I

1

IL‘ 2 25 3 35 4
, 9-Currents [A]

Measured
Reference |

15 2 25 3
Time [s]

35 4

Measured | |
Reference

2 25 3 3.5 4
Time [s]

0 0.5 1 1

Fig 6. Simulation results: motor runs in speed mode, at 10000 rpm and 100 Nm.

controller, variations of motor

parameters due to saturation and effect of iron
losses on the motor model are considered.
Simulations using a subcompact electric vehicle
model demonstrate that the presented structure is
capable for the constant torque region as well as
for the flux-weakening region and provides a
smooth transition between both.

It should be noted that for strategies based on
the Finite-Element-Method, the knowledge of the
machine such as geometries and materials is
required. In addition, the machine models are
time-consuming to create and verify, and
sometimes they need to be refined repeatedly to
ensure that the results are accurate.

The proposed approach can be applied for
other motor types such as induction motors and
synchronous reluctance motors. This is a target of
further research.
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degrees of freedom (DOFs) and also the computational costs will be
evaluated in comparison with computations carried out with a complete
finite element (FE) model. The CB method is one of the most popular
substructuring methods and is based on a formalization which will be
presented in this paper. In this method, the internal DOFs are separated
model from the boundary DOFs, and decomposed onto a basis of static modes,
and a basis of fixed interface modes [Craig et Bampton, 1968]. The use of
a reduced basis for the fixed interface modes makes it possible to reduce
the size of the system to be solved, and therefore to save the computational
time compared to a classical finite element computation involving the
complete system. We will apply the Craig-Bampton method to an
academic structure composed of three plates connected by springs and we
will be interested in the frequency response functions of the deformation
energies of the different plates. To evaluate the influence of the number of
modes selected on the results, we will consider two bases of fixed interface
modes of different sizes.
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1. Introduction necessary to reduce the size of the models to
solve. One of the efficient model reduction
strategies is the well-established Craig-Bampton
method that is a substructuring technique. This
method reduces the number of DOF of
substructures by approximations, using a limited

The FE method is a traditional method used to
perform the dynamic analysis of complex
industrial structures. However, it usually involves
models characterized by large numbers of DOFs
and leads to large computational costs. It may be
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number of fixed interface modes. It is useful for
study the dynamic response of the structure with
respect to the excitation frequency with many
DOFs [Craig et Bampton, 1968; J. Wijker, 2008;
Dennis Klerk et al, 2008].

The aim of this paper is to apply the Craig -
Bampton method in order to reduce the
computational costs in the analysis of the dynamic
behavior of a vibrating structure with many DOFs.
Section 2 presents the Craig - Bampton method. In
Sections 3, this method is used to analyze the
dynamic response of a system composed of three
plates connected two by two by springs. The
obtained results will be compared with the
reference solution that is constituted by the full FE
model.

2. The Craig - Bampton method

Using the Craig-Bampton method [Craig et
Bampton, 1968] helps to reduce the size of the FE
models involving large numbers of DOFs. In the
framework of finite element modeling, the
degrees of freedom (DOFs) of an undamped
structure, contained in the vector q, the equation
of motion of a structure is:

[M]{G} + [K]{q} = {F}, (1)

where [M] and [K] denote respectively the

mass and stiffness matrices of the structure, {q}

the vector of displacements and {F} the vector of
external forces.

To apply the Craig-Bampton method, it will

be necessary to partition the vector of DDLs {q}

into the boundary DOFs, qg, and the internal

DDLs, q;:
o= (2} 8

Considering harmonic forces, the above
equation may be rewritten as:

2 [MBB MBI] {CIB}

My My I?I X
BB gr| (4B
+ [KIB Ku] {ql} ®)

(i}
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In the classical FE method, the unknown
DOFs are obtained by inverting the above
system, if the number of DOFs involved is
important the computational time can be
cumbersome. The Craig-Bampton
transformation consists of expressing the
physical amplitudes {qz q,}" from generalized
coordinates {gqg a}” as follows:

e _ [ 1 01yas
{g)= [Xst xolla) )
where X;; is the matrix of static modes,
which are computed as — Kj;* K;p, X, is the
matrix of fixed interface modes, i.e. the matrix of

the eigenvectors of (K;;, M;;), and «a is the vector
of the modal amplitudes.

Reducing the size of the problem by
retaining only a limited number of fixed
interface modes of amplitudes &. The internal
DOFs are therefore approximated by:

(G} = [(Xsel{ap} + Xer{@} (5)

where X,; is a matrix of reduced size.

Inserting Egs. (Error! Reference source not
found.) and (Error! Reference source not
found.) into Eq. (Error! Reference source not
found.) leads to a system of reduced size easier
to invert.

3. Numerical results: case of three plates
connected by springs

3.1. Presentation of the model

In this section, we will illustrate the results
obtained by applying the Craig-Bampton
method presented previously to a system
composed of three plates connected two by two
by springs, visible in Figure 1.

The model used to illustrate the results is a
set of three plates of constant 5 mm thickness.
Plates 1 and 3, of dimensions 1m X 1m, are
identical and made of steel, density p =
7850 kg/m3, Young's modulus E = 2 X
1011 Pa and Poisson's ratio v = 0.3. Plate 2,
with dimensions 0.2m X 1m, represents a
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flexible rubber junction, with the following
properties: p = 950kg/m3,E = 15 x
107 N/m? and v = 0.48. To take into account
a structural damping of the plates, a loss factor
n = 0,005 is taken into account for each of the
three plates.

In the framework of finite element
modeling, the three plates are meshed using
square plate elements of length 0.025m having

Plaque 1
=\

Plaquc l2
<7

three DOFs per node, namely displacement u,
and two rotations 6, and 6,. The meshes of
plates 1 and 3 therefore each comprise 1600
elements and 5043 DOFs, while 320 elements
and 1107 DOFs are used for plate 2. The total
number of DOFs of the system is therefore
11193.
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Figure 1. Model of 3 plates connected by springs.

The springs that couple the plates are
located at the interfaces between plates 1 and 2
on the one hand, and plates 2 and 3 on the other
hand, as shown in Figure 1. To each node of the
mesh are connected three springs, two torsion
springs of identical stiffness k; = 20 Nm/rad
around the axes x and y, and a linear spring in
the direction z, of stiffness k, = 150 N/m.

The whole structure is clamped at both
extremities (i.e. left edge of plate 1 and right
edge of plate 3). The system is excited by a point
harmonic force of amplitude 40N in the z-
direction, located at the node of coordinates
(0.25m, 0.25 m) if the origin is chosen as the
lower left corner of plate 1, as shown in Figure
1. We study the frequency response function of
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the system in the interval [0,50] Hz using a
frequency step of 1073 Hz.

3.2. Reference solution

The reference solution is constituted by
direct computation finite elements. The matrix
to be inverted here is of size 11193 x 11193,
and the inversion is repeated for each of the
50001 frequencies in the interval [0, 50] Hz. The
simulations were carried out using Matlab
software on a computer comprising two Intel
(R) Xeon (R) CPU E5-2623 v3 @ 3.00 GHz and
32 GB of ram processors. The total simulation
time for this case is 5h and 24min.
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Figure 32. Deformation energies of plates 1, 2
and 3 as a function of frequency.

The results are shown for each plate i in
terms of deformation energy:

1

Egqeri = EQiTKiqi (6)

Figure 2 represents the frequency
evolutions of the amplitudes of the three
deformation energies thus obtained. All three
curves look similar with multiple peaks at the
resonant frequencies of the plates, and an
overall higher energy level for plate 1 which is
being excited. In the following, we will focus on
four particular peaks (peaks 2, 5, 7 and 9
highlighted in Figure 2) in order to estimate the
impact of model reduction on the precision of
the results.

3.4. Model reduction by the Craig-Bampton
method

A reduced model resulting from a Craig-
Bampton decomposition in which a limited
number of fixed interface modes is retained;
two CB models will be proposed to study. For
the first model, which will be denoted CB50130
in the following, 50 fixed interface modes are
used for plates 1 and 3 (out 0f 4563 modes) and
130 modes for plate 2 (out of 819). For the
second model, smaller, 30 modes are then
retained for the plates, the plates 1 and 3 and 80
for the plate 2. This second model will thus be
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denoted CB3080 in the following. The
corresponding calculation times are now 1h
48min for the model CB50130 and 1h 27min for
the model CB3080, that is to say, reductions in
calculation cost of 66.86% and 73.10%
respectively.

Each of figures 3 (a), (b) and (c) represents
the deformation energies of a given plate
obtained by the three methods (complete finite
element model and the two reduced models).
The three curves are not dissociable in these
figures, thus validating the results obtained by
the Craig-Bampton method.

Slight deviations are nevertheless visible
by enlarging the views, in particular around the
resonance peaks. The four peaks 2, 5, 7 and 9 of
the deformation energy of plate 1 can thus be
observed in more detail in figure 4. It thus
clearly appears that the differences increase
with the natural frequency of the peak: peak 2 is
thus faithfully reproduced with the two reduced
models compared to the reference solution,
while slight amplitude deviations are visible for
peak 5 with the smaller model CB3080. For
peaks 7 and 9, differences are visible in terms of
amplitude and frequency of the peak, the
smaller model CB3080 logically giving larger
deviations than the model CB50130.
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Figure 34. (a) Peak 2, (b) peak 5, (c) peak 7 and (d) peak 9 of the deformation energy Edefl1 of plate
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Table 6. Mean and maximum of the relative errors on the amplitude and frequency of the
deformation energies of the three plates obtained by a reduced model compared to the reference

solution
Eger1 Egerr Egers

Amplitude | Frequency | Amplitude | Frequency | Amplitude | Frequency
Method Mean of relative errors (%)
CB3080 | 7.49x1072| 5.08 x 1073 8.96 x 1072| 5.16 x 1073| 1.06 x 10~*| 4.79 x 1073
CB50130 | 2.90x 1072| 1.40 x 1073| 2.33 x 1072| 2.24 x 1073| 2.40 x 1072| 1.79 x 1073

Maximum of relative errors (%)

CB3080 |2.27x107% 1.02x 1072| 4.45x 107| 1.28 x 1072| 4.79 x 1071| 1.18 x 1072
CB50130 | 1.10 X 1071| 4.89 x 1073| 8.47 x 1072 5.77 x 1073/ 9.43 x 1072| 7.33 x 1073

165



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

To further analyze the accuracy of the
results, the relative errors are calculated for each
peak of each of the three plates between the
deformation energy obtained by a reduced
model and the reference solution involving the
complete finite element model, in terms of
amplitude:

|Eder jrer @ic) — Eger jca(pic))

, (7)
|Edef j,ref(plci)l
And of frequency:
|faes jrer(Pic) = faer jca(@ic)) ®)

|faef jrer (Picy)|

Where Edef jrer0ici), Eger jc(picy)
denote the amplitudes of the ith peaks of the
deformation energies of the plate j( =
1, 2 or 3) obtained respectively by the reference
solution and a reduced model CB; fc j rer (Pic;)
and fyer jcg(pic;) are the natural frequencies of
these peaks.

The mean and maximum of these relative
errors, calculated over the first fourteen peaks,
are given for each plate in Table 1. With a
maximum relative error of less than 0.1%, the
accuracy of the results obtained with the model
CB50130 is excellent; it remains perfectly
satisfactory using the smallest CB3080 model,
the maximum error this time being less than
0.5%.

4. Conclusion

This article was presented the model
reduction method of Craig-Bampton, based on a
projection of the internal DOFs of a structure on
a basis of static modes and modes of fixed
interface. The method was applied to analyze the
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dynamic response of a structure having a large
number of DOFs in the FE framework. Two
reduced models comprising a variable number of
fixed interface modes have been proposed and
validated by comparison with the reference
solution involving the complete finite element
model of the system. It has been shown that the
Craig-Bampton method allows a substantial
reduction in the computational cost while
guaranteeing a negligible loss of precision.
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Nghién ciru, tinh toan dong chay thiy luc qua van phan phdi
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Ttr khéa:

tén that 4p suit, luvu
lwgng, dong chay, mo
phong, van diéu khién
hwéng thiy luc

Van phéan phéi thiy lwc dworc st dung réng rdi cho cdc thiét bi chéng giir thiy
lwc trong khai thdc than hdm [0. Trong tinh todn thiét ké van phdn phéi thuy
Iwc cdn xdc dinh dwoc dwong ddc tinh quan hé gitra tén thdt dp sudt va lvu
Iwong ctia van. Hién nay, cé nhiéu nghién cteu va céng thirc thwe nghiém gitip
xdy dung duomg ddc tinh ndy. Tuy nhién, trong tinh todn chi dé cdp dén ton
thdt khi di qua cdc tiét dién khdc nhau véi hé s6 lwu lwong cho trwdc ma
khéng xdc dinh dworc ton thdt cuc bé khi chdt Iong di qua van. Trong thuc té,
dwo'ng dc tinh nay thu'o'ng duworc xdc dinh bdng thi nghiém. Nhdm xdc dinh
ton thdt, van toc, ap sudt ctia chdt 16ng di qua van, nghlen ctru xdc dinh cdc
diéu kién ddu vao ctia van dé tién hanh tinh todn mé phéng dong chdy qua
van. Dwo'ng ddc tinh ton thdt dp sudt - lvu Iwong cho phép nguroi thiét ké xdc
dinh gid tri tén thdt d - dp sudt khi thiét ké van cé ndm trong pham vi cho phép

hay khéng va dé xudt phirong dn thay ddi cho phit hop.

© 2021 Trwong Dai hoc M6 - Dia chit. T4t ca cac quyén dwoc bao dam.

1. batvan dé

Trong bat ky hé théng van hanh bang thiy luc
déu c6 sw xuit hién cua van diéu khién thay luwc.
Chung dwoc 1ap & nhiéu vi tri va thuc hién nhitng
nhiém vu khic nhau. Trong hé thong thiy lwc,
ngoai bom thudy luc, motor, hay xylanh thi cac van
thuy lwc gitr vai tro rat quan trong lam nhiém vu
diéu chinh va diéu khién cac thong s6 dau vao va
dau ra cta hé théng (Nguyén Ditrc Swong, 2019).
Trong d6, van diéu khién dwoc lip dit trong mdi
mach ctia mét co cu chap hanh, ching c6 nhiém
vu chinh nhw sau (Nguyén Tai, 1996):

- Phén phéi dong chat1éng c6 ap lwc cao cho cac
co cdu chap hanh (xylanh, motor thiy luc)

- Pao chiéu chuyén dong cta co ciu chip hanh
khi dung bom mét chiéu hodc dong ning lwong
mot chiéu

- biéu chinh cic thong s dau ra cia co cdu chap
hanh (luc va téc d6 tinh tién cta piston trong
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xylanh thiy Iwc, m6 men va téc d6 quay ctia motor
thay lwc).

Thuc té nhitng ndm gan day san lwong khai thac
than ctia Tap doan Céng nghiép Than - Khoang san
Viét Nam d3 ting trudng véi téc do kha cao, tir 27,5
triéu tAn ndm 2004 1én dén 47,5 triéu tidn nam
2010. Theo ké hoach phat trién ctia Tap doan san
lwong khai thac s€ tang nhanh, trung binh 6,4%
nam giai doan 2011-2015 va 4,6% nam giai doan
2016-2025 dat tong san lwgng khai thac khoang
60,3 triéu tin vao nam 2015, trong d6 san lwgng
khai thadc hdm 10 chiém hon 60%. D& dat dwoc
nhitng muc tiéu trén thi cic mé than ham 16 phai
tién hanh d6i méi cong nghé khai thac, ddy manh
ap dung thiét bi khai thac tién tién, cong suatlén va
ap dung diy chuyén khai thac hién dai tic 1a phai
co gi¢i hoa khai thac 10 cho dé nang cao nang suit
va hiéu qu3, san lwong khai thac (Cong ty than Khe
Cham, 2013).

Hién nay, tai cdc m6 ham 1o ving Quang Ninh
gdom 06 ¢6 10 cho p dung cong nghé khai thac co
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giéi héa ddéng bd. Cot chong va kich dwoc diéu
khién bang c4c van tay doc 1ap (Hinh 1). Dung dich
dwoc cip dén cda P, con trwot cia van diéu khién
dwoc kéo sang trai, dung dich qua van diéu khién
dén khéa thuy luc, khilwc ddy do dung dich 1ém hon
lwc nén 10 xo 1én bi chan, van mét chiéu cia khéa
thuy Iwc mé, dung dich dwoc cip vao khoang sau
can pison va ddy piston cta cdt chong di ra. Van
mot chiéu cua khéa thiy luc c6 vai tro chéng tut
piston khi c6 sw c6 trén duwdong cip dung dich ciing
nhw do ri dung dich qua van diéu khién. Néu ap
suit trén dwong Ong sau van mot chiéu téi cot
chdng lé6m hon 4p suit cho phép, van an toan mé.
Dé ha cot chong, con trwot ctia van diéu khién dwoc
day sang phai, dung dich tir cia P cip vao duong
ong véi phia can piston cta cot chéng. Van mot
chiéu trén dwong 6ng cip dé nang cot chong khéa
lam dung dich khong thé hoi qua van vé dwong hoi.
D€ m& van mét chiéu, duwdrng dung dich diéu khién
dwoc noi véi van mot chiéu (chirc nang cua van
mot chiéu va dudng dung dich diéu khién dworc goi
la khoa thuay lwc) dé mé van mét chiéu. Khi do,
dwong dung dich khoang dwéi can piston bi day
qua van mot chiéu vé dwong hoi.

D& dam bdao an toan cho thiét bi chong giir 10
cho, cic loai xy lanh thuy lwc cling nhw cic phan ti
trong hé thong thuy lwc phai dwoc kiém dinh
nghiém ngat theo quy chuin qudc gia vé an toan vi
chdng thiy lwce str dung trong mo than ham 16 theo
QCVN 03:2017/BCT (B6 cong thuwong, 2017).
Ngoai cac yéu ciu vé mo6 men thao tac, d6 kin, dé
bén, do an toan thi dac tinh lwu lwong 4p suét la
thong s6 rat quan trong. Dac tinh lwu lwong - ap
sudt phai théa man cac diéu kién sau:

- Lwu lwgng dinh mirc ctia van déi huwdng nho
hon hodc bang 125 lit/phut, tdn thit 4p suit cip
hoi dich phai nhé hon 5 MPa.

- Luu lwong dinh mirc ctia van déi huéng 16n
hon 125 lit/phut va nhé hon hodc bang 250
lit/phut ton thit ap sudt cip hoi dich phai nhé hon
6 Mpa

- Luu lwong dinh mirc ctia van déi huéng 16n
hon 250 lit/phut, ton that ap suit cip hoi dich phai
nhé hon 7 MPa.

DE thiét ké, ché tao van phan phdi thiy lwc can
phai xac dinh dwong dic tinh quan hé ap suit lvu
lwgng qua van. Thong thwong, dwong dac tinh nay
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dwoc xay dung bang phwong phap thuc nghiém
(Joseph E. Schigley, 1996). Nham gidm bt chi phi
cho viéc stra doi, thir nghiém khi ché tao van phan
phoi thiy lwe cho cic cot chdng, gian chdng st dung
trong mo6 ham 10. P6i véi van phin phéi thay luc,
tiét dién 16i van khong chi c6 mot vi tri thay d6i ma
con c6 nhiéu vi tri khac nhau. D€ xac dinh ton that
qua cac vi tri nay cin phai tach va tinh riéng ré cac
ton that. D€ c6 cai nhin truc quan cling nhw chinh
xac hon, phwong an moé phong dong chay dwoc ap
dung. Bai bao nghién ctru xay dung dwong dac tinh
quan hé 4p suit cot 4p bang phwong phép tinh toan
cling nhw phwong phap mé phdng dong chay.

Hinh 1 Ciu tao van thily luc diéu khién tay 4/3
2. Xac dinh ton thit bang cong thirc toan hoc
2.1. Co’ sé ly thuyét

Chit16ng di chuyén tir qua ctra tir P dén A hoic
B va tir A hodc B vé T sé chiu ton thit. Phwong trinh
Bernoulli ¢6 gia tri d6i véi dong chay on dinh, theo
dinh lut bdo toan lwu lwgng, toc dé dong chay vao
va ra 1a nhw nhau, nghia 1a Q,3, = Q,, (Nguyén
DPirc Swong, 2018). Luu lwong dung dich qua tiét
dién batky l1a phan thé tich dung dich chay qua tiét
dién d6 trong mot don vi thoi gian dwoc xac dinh
theo céng thirc sau (George E. Totten, Victor ]. De
Negri, 2012).
Q=3 =5v
Trong do:
S(m?) tiét dién ma dung dich di qua
v(m/s) van téc chuyén dong cia dung

€y

dich
Khéo sat chuyén dong ctia dung dich qua mot
ong cd tiét dién khac nhau (xem Hinh 2).
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that16n nhat. DE tinh toan ton that ap suit theo luu
— L lwong cin xac dinh cac thong s6 sau:
h e Dién tich tiét dién nhé nhit dong chay di
: qua
A S5 _ wd? _ 3,14 * 0,0082 . 0.00005024 m?

v AP 2 - 4 - 4 - % m

Hinh 2 Luu Iwong chat Iong qua cdc tiét dién e  Khéilwong riéng dung dich nhii tirong p =
khdc nhau 1000 kg/m3

Tai vi tri 1 c6 tiét dién S, va van t6c v, tai vi tri
2 cé tiét dién S, va van tbc v,.

D& dam bao lwu lwgng yéu ciu van toc dung dich
qua van dwoc xac dinh:

_m
171—51: 5 (2)

N&i mach chung ctia cc strc can dong chay dé
diéu khién tinh cac chuyén dong co cdu chap chip
hanh hodc cac phan t6 diéu khién trong ca hé théng,
chiing phai chiu &nh hwdng cong suat 16n (George
E. Totten, Victor ]. De Negri, 2017). Cac strc can nay
dé diéu khién ap sudt va diéu khién lwu lwong dwoc
rng dung trude hét la & cac van. Lwu lwong chay
qua tiét lwu n6i chung duwoc tinh todn phu thudcvao
do6 chénh &p suit Ap ctia dong chay theo cong thirc
sau (Nguyén Dirc Swéng, 2018):

Q =Sa /3 Ap 3)

Trong d6:  S- dién tich chit1éng di qua

a- hé so6 lvu lwong phu thudc vao
cu truc va vi tri tiét lwu c6 gia tri trong khoang 0,6
dén 1.

Tir d6 xac dinh dworc ton thit ap suit nhw sau:
Q* p
S2a? * 2 ©)

Mot dwong cong dac tinh tiéu biéu ctia van diéu
khién dong chay la do thi ton that ap suat Ap va luu
lwgng thiy luc Q qua mdi dwdng dong chay. Khi
chit 16ng chuyén dong qua tiét dién thu hep lam
cho ton that ap suit ting 1én. Ton that dong chay ¢
thé khac nhau khi chit 16ng di chuyén theo ctra P-
A, P-Bva A-T, B-T (HerbertWittel va nnk, 2017).

Ap =

2.2. Xdy dwng dworng ddc tinh quan hé dp sudt -
Iwu lvong

Dé xac dinh dwoc dién tich chat16ng di qua van,
van diéu khién thay luc cho gian chéng dwoc xay
dung bang mo hinh 3D. Pwong kinh 16 dan dung
dich nhé nhat biang 8 mm, do d6 tai vi tri ndy tén

e Hésoluwulwongchona = 0,8

Thay d6i pham vi lwu lwong tir 10 1/ph dén 80
1/ph dé danh gia ton thit ap suat, ap suat dung dich
dAu ra yéu cau tir 28 MPa. Tai ctra A hodc B, duwong
kinh 16 d_2=18 mm nén c6 thé tinh van t6c dong
chay tai ctra A hodc B. Két qua tinh toan ton thit ap
sudt theo lwu lvgng van dugc thé hién trén Bang 1.
Do kich thwéc cia van diéu khién tir ctiva P dén A (P
dén B) nhw nhau, do dé t6n that ap suit khi cuing
lru lwong qua 1a nhw nhau. Pudng dac tinh nay
dworc thé hién trén Hinh 3.

Bdng 1 Tén that dp sudt theo lwu Iwong qua
van theo tinh todn ly thuyét

Q (I/ph) | vy (m/s) Ap (MPa)
10 0,655291 0,017195637
20 1,310582 0,068782547
30 1,965872 0,154760731
40 2,621163 0,275130189
50 3,276454 0,42989092
60 3,931745 0,619042925
70 4,587036 0,842586204
80 5,242327 1,100520756
go,e

0 10 20 30 aQowplic)J 60 70 80 90

Hinh 3 Ddc tinh tén thit dp sudt theo luu luong
ctia van diéu khién tir P-A, P-B theo tinh todn Iy
thuyét
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3.M6 phéng dong chay
3.1. Piéu kién bién cho mé phéng

Sau khi xdy dung mé hinh van phéin phoi thay
luc, dé tién hanh m6 phéng dong chay qua van cin
khai bo cac diéu kién bién. Trwong hop dau tién
14y lwu lwong vao van 10 lit/phat twong dwong
0,655 m/s (xem Bang 1).

1

)

Hinh 4 Khai bdo van téc diu vao
Do yéu ciu dung dich cap cho cot chéng c6 ap
sudt tir 28 MPa nén diéu kién bién cho ap suat dau
ra dwoc 14y bang 28 MPa. Cac khai b4o van t6c va
ap suit dwoc chi trén Hinh 4, Hinh 5.

Name: | OutletPressure!

Surfaces: | Surface(1230)

Magnitude: |28 MPa

OutletPre 4
FF28 M

Hinh 5 Khai bdo dp sudt diu ra
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Hinh 6 Phin b6 dp sudt, van toc & diu vao va
diu ra khi lvu lrong Q = 10 lit/phiit

3.2. Két qud mé phong

Két qua mo phong xac dinh phan b6 van toc, ap
sudt khi di qua van dwoc chi trén Hinh 6. Do ton
that cuc bo va ton that doc dwdng nén ap suat giam
dan khi di tir ddu vao dén dau ra cta van. Véi luvu
lwong 10 lit/phut, tén thit qua van dwoc xac dinh
Ap=29,9912-28,0486=0,0574 MPa. Vin toc dung
dich thay d6i khi di qua cac tiét dién khac nhau tir
diu vao dén dau ra. Vi van téc cia vao 0,655 m/s,
tai cac vi tri tiét dién thu hep, chat 16ng chuyén
dong v&ivan téclon nhatbang 8,76 m/s. Bang cach
thay doi thong s6 lwu lwgng vao ctia van dé xac dinh
ton that 4p suit qua van bang phwong phap mo
phong. Két qua mo phong dwoc trinh bay trén Bang
2,Hinh 7.

Bdng 2 Ton that dp sudt theo luu lrong qua
van theo phwong phap mé phong

l Ap(MPa
9N |mans | OO
10 0,655291 0,0574
20 1,310582 0,204
30 1,965872 0,48
40 2,621163 0,88
50 3,276454 1,48
60 3,931745 2,1
70 4,587036 2,45
80 5,242327 3,05
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0 10 20 30 40 50

Q (Vph)
Hinh 7 Pic tinh tén that dp sudt theo lwu luong
ctia van diéu khién tir P-A, P-B theo phuong phap
mo phong

60 70 80 90

Sw sai khac ton thit giira tinh to4n ton that ap
suit theo ly thuyét va mé phong xac dinh ton thit
dworc chi trén Hinh 8. Sw sai léch tang din theo lvu

lwgng qua van.
3.5

/

10 20 30 40 50 60 70 80 90
Q (Uph)

1]

Hinh 8 So sdnh dc tinh toén that 4p sudt bang
tinh todn Iy thuyét va mé phdng dong chdy
4. Két ludn

Nho& vao co s& ly thuyét tinh toan tén thit ap
sudt khi di qua tiét dién thu hep gidip cho xac dinh
duwong dic tinh ton that 4p sut - lwu lwong cla
dung dich khi di qua van. Pong thoi st dung mo
phdéng dong chay cho phép xay dung dwong dac
tinh nay. Két qua nghién ctvu thu dwoc nhw sau:

e Dixiy dung dugc duong dic tinh tén that
clia van bang phuong phap ly thuyét, tai
clra vao P va ctra ra A c6 tiét dién thay doi
nén ton that cuc bd qua van bang téng ton
thit cuc bo tai hai vi tri ndy. Gia tri ton thit
ap suét tinh theo phwong phap ly thuyét
tang dan tir 0,017 MPa dén 1,1 MPa

—e—Ly thuyét

M6 phong
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Gia tri ton thit 4p suit tinh toan bing
phwong phap moé phéng 1o6n hon gia tri
tinh todn bang phwong phép ly thuyét. Do
trong tinh toan ly thuyét khong tinh toan
tén that doc dwong va tén that cuc bé cla
dong chay khi tiét dién thay déi tai vi tri
chuyén tiép duong 6ng vao, ra va than con
trwot. Gia tri ton thit ap suat theo phwong
phap mo6 phong thu dwoc tir 0,0574 MPa
dén 3,05 MPa khi Iwu lwgng thay déi tir 10
lit/phut dén 80 lit/phut.

Theo quy chudn qudc gia vé an toan vi
chdng thuy lyc st dung trong mé than ham
10 theo QCVN 03:2017/BCT, gia tri ton thit
ap suat bang moé phong dat gia tri 3,05 MPa
vanhd hon gia tri cho phép 5 MPa nén dam
bao yéu cau.

Nho nghién ctru, tinh toan dong chay qua van
khéng nhirng cho phép xac dinh ton that qua van
phan phan phéi 4/3 diéu khién bang tay ma con
cho phép xac dinh tdn thit 4p suit qua cac loai van
phén phoi thiy lwc khac nhau.

Pong gop cua cac tac gia

Téc gia Lé Thi Hong Thiang, Nguyén Vin X6 phu
trach phan tinh hinh st dung van phan phéi thiy
lwc trong mé ham 10, tac gid Nguyén Khic Linh
nghién ctru phin ly thuyét tén that dong chay qua
ong thu hep.
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ABSTRACT

Research and calculation the pressure drop versus the flow rate through flow
path of manual directional control valve used in underground coal mines

Manual directional control valves are widely used for coal mine roof support. To calculate and design
directional control valves, it is necessary to determine the characteristic curves of the relationship
between the pressure drop versus the flow rate. Currently, there are many studies and empirical formulas
to support to build these characteristic curves. However, they only refer to the pressure drop of the flow
through an orifice. Velocity, orifice area and outlet pressure of the flow rate through flow path are initial
constraint to calculate the pressure drop and simulate the flow. The pressure drop versus flow rate allows
the designer to evaluate whether the values of pressure drop when designing the directional control valve.

Keywords: pressure drop, flow rate, typical characteristic curve, hydraulic directional control valve
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Bai bdo trinh bay ttng dung thudt todn loc Kalman dé xi¥ ly tin hiéu thu thdp
dworc tir cdm bién do dé dm ddt Soil Moisture Sensor. Tin hiéu do thu dworc tir
cdm bién, théng qua mét mé dun chuyén doi truée khi dwa tdi vi diéu khién
Arduino UNO R3. Thudt todn loc Kalman dwoc nhiing vao chwong trinh thu
thdp dir liéu, sau do dworc xtr ly loc nhiéu trwdc khi gidm sdt trén giao dién
PC. Ttr cdc két qud bwéc ddu khi chay thir trén mé hinh sé dwoc lam cdn ci
dung ky thudt loc Kalman cho cdc hé théng do dé6 dm ciing nhw cho cdc déi
twong do cdc dai lwong khdc. Viéc nghién ciru tng dung thanh cong thudt
todn Kalman cho phép ta cé thém mdt céng cu hiru hiéu dé loc bé nhieu loan
cho cdc hé théng do va gép phdn ndng cao do chinh xdc, dé tin cdy cho phép

do.

© 2021 Trwong Dai hoc M6 - Pia chit. T4t ca cac quyén dwoc bao dam.

1. Mé& dau

Trong cac hé thong tw dong hoa cac qua trinh
nhiét ... thi cic thiét bi do, cdm bién nhiét la mét
trong nhitng phan t& quan trong quyét dinh t&i
chit lwong va sw lam viéc dn dinh cta ca hé thong
diéu khién. Thuc té qua trinh do mét dai lwong vat
ly bat ky thi bao gio cling gdp phai cac tic dong cla
nhiéu do lwdng véi nhiéu ngudn tac dong do anh
hwéng clta dién tir trrdng, séng hai bac cao va
nhitng ngudn nhiéu khac trong cong nghiép. Trong
ky thuét da c6 nhiéu giai phap dwoc cac nha khoa
hoc @& xuit: c6 thé str dung cic mach loc dién tir
hay str dung cac vat liéu truyén dan khang nhiéu
hodc cac thuit toan loc tdi wu ...Tuy nhién moi giai
phap vé ki thuit va cong nghé ciing rat kho co thé
triét tiéu dwoc hoan toan nhiéu. Vi ngudn nhiéu la
ngAu nhién va khong biét tredc dwgc ban chit dé
c6 thé dwa ra dwoc mét giai phap loc mét cach phu
hop.

Trong nwéc da cdé nhiéu cac nha khoa hoc
nghién ctru va dé xuit nhirng thuit toan x ly va
loc nhiéu cho nhitng &ng dung trong do luwdng
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diéu khién. Trong mdt nghién ctru cia mét nhém
cac tac gia Pao Van Phuwong & nnk(2020) da &ng
dung thuit toan loc Kalman vao xt 1y tin hiéu can
dong, nhom tac gid da thwc nghiém trén chip
stm32F746 v&i 1000 mau st dung ADC 12bit
duoc két néi véi giao dién cia Matlab. Két qua
nghién cru da dwgc ng dung cho mot hé théng
thuwc cho thiy dwoc hiéu qua cta thuit toan trong
viéc loc nhiéu hé théng. Tuy nhién phwong phap
nay yéu ciu phai dung Card Matlab ciing nhw
phidn mém Matlab cé ban quyén véi gid thanh
kha dat.

Trong mot nghién ctru khac cta tac gia Pinh
Xuén Vinh(2018) da &ng dung bo loc Kalman dé
nang cao do chinh xac do GPS dong, sir dung may
thu GPS loai TRIMBLE 4000 SSi va phdn mém
Compas dé xtr ly dir liéu. Loc Kalman dwoc trién
khai theo cach st dung tich phan Euler va
phuwong phap binh phwong cuc tiéu. Cac phwong
trinh Riccati dwgc ap dung dé giai quyét van dé
phi tuyén, ning cao hiéu suit cia bd loc va téi wu
hoéa sau moi budc loc. Tuy nhién cach thirc xtr Iy
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dir liéu van bi gian doan va chwa dap tng duoc
yéu ciu vé xtr ly tw déng, thuit toan loc chua
nhing dwoc vao phin mém xi ly dir liéu hién tai
trong may do.

Vé cac giai phap gidm nhiéu, tic gia Duwong
Ngoc Phap(2017) c6 trinh bay mot s6 phwong
phap dé&loc nhiéu cho mé hinh Robot hai banh tw
cAn bang nhu st dung bd loc thong thip, bo loc
Kalman, st dung cic phép bién do6i wavelet va
thuat todn t6i wu hoda. Cac thuit toan trén da
dworc tac gia da thye nghiém trén mo hinh, nhing
code vao trong Vi diéu khién Arduino Nano
Atmega328P két hop véi giai thuat PID dé diéu
khién dong co. Qué trinh thuwc nghiém cho thay
rang cac thuat toan déu cho két qua cai thién
dang ké so véi tin hiéu tho thu dwoc va khi déi
sanh thi bd loc Kalman cho két qua gidm nhiéu
tot hon nhiéu so véi 3 ki thuét con lai. Tuy nhién
bd loc Kalman cé thuit toan va ciu tric kha phirc
tap, thoi gian xir ly tinh to4n sé bi tré nhiéu hon
so v&i cac giai phap khac. Van dé nay ciing can
phai lwu y va tinh toan khi 4p dung cho cac daéi
twong c6 yéu ciu xt ly dir liéu dap ing vé thoi
gian thue.

Trén Thé gidi, x& ly tin hiéu nhiét tir cac
Sensor dd dwoc nhiéu nha khoa hoc quan tim
nghién ctru va da 4p dung rat réng rai trong moi
linh vyc cda doi song. Trong nghién ctru cla cac
tacgia Panwar, A, Trivedi, ].]., & Nejadi, S. (2015)
da trinh bay mét phwong phap wéc tinh nhiét do
str dung bd loc Kalman mé rong kép (DEKF) dwa
trén cing mot mo hinh nhiét dé do tré khang, cé
kha ndng wéc tinh hé s6 doi lwu tai bé mét té bao
khi chwa biét hé s6 ddi lwu. Két qua nghién ctru
cho thdy cé thé thay thé twong dwong khi st
dung cam bién nhiét thong thwong.

Nhoém tac gia Chiang, C. ., Yang, J. L., & Cheng,
W. C. (2013) trong mot nghién ctru cia minh da
rng dung bé loc Kalman mé rong (EKF) dé wéc
tinh nhiét dé va trang thai sac cho mét siéu tu.
CAc tac gia da phat trién mot mé hinh phi tuyén
bao gobm mé hinh mach twong dwong phu thudc
vao nhiét d6 l4n diu tién dwoc phat trién ng
dung thuit toan EKF. K&t qua nghién ctru ciing
cho thiy dwoc hiéu qua va chitlweng tin hiéu thu
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dwoc khi mo hinh thr nghiém nhiét d6 dwdi diém
dong bang.

Trong mot nghién cru khac ciia nhém tac gia
Eleffendi, M. A., & Johnson, C. M. (2015) da &ng
dung bd loc Kalman dé wéc tinh nhiét d6 méi ndi
trong cac mo-dun cong suit IGBT. Phép do nhiét
d6 dwgc thong qua cac phép do truc tuyén sau do
ching sé dugc x ly bang thuat todn loc Kalman.
Cac két qua du doan tlr mé hinh loc c6 thé dwoc
st dung dé phat hién nhirng thay daéi trong cac
théng s6 cia md hinh nhiét. Thuit toan da dwoc
kiém chirng béi Camera hong ngoai va da chirng
minh dwogc hiéu qua ré rét khi dung bd loc
Kalman dé du bao.

Nhw vdy véi cac cong trinh da dwoc nghién
clru trong va ngoai nwéc co lién quan dén viéc
rng dung thuit toan Kalman cho thiy b loc nay
12 mot cong cu rat hitu hiéu trong viéc khir nhiéu
va wéc lwong mé hinh. Thyec té viéc lwa chon sé
phu thudc vao tirng déi twong cu thé véi nhitng
yéu ciu vé do chinh xac, toc dd héi tu, tinh 6n
dinh va dap rng thoi gian thue.

2. Nghién ciru co’ s& ly thuyét cua thuat toan
Kalman

2.1. Gidi thiéu vé Kalman

Kalman Ia tén ctia ngwoi da dé xuét ra bd loc
nay vao nam 1960, R.E Kalman da céng bé mot
bai bao Kalman, R.E (1960) vé mdt gidi phap quy
ho6i dé giai quyét bai toan loc thong tin roi rac
tuyén tinh. Ttr d6 dén nay bo loc Kalman da dwoc
nhiéu nha khoa hoc trén thé gi¢i nghién ctru, trng
dung trong nhiéu nganh ky thuit va cong nghé
khac nhau nhw cac hé théng tw dong hoa diéu
khién, robot may tinh, cac hé thdng dinh vi vé
tinh, tau ngam, xe tw hanh, 6 t6 tw lai...Kalman la
thuit toan wéc lwong gbm mot tip cadc phwong
trinh toan hoc mo ta mét phwong trinh toan quy
hoi, cho phép wéc lwgng cac trang thai cia mot
qua trinh sao cho phwong sai giira gia tri thuc va
gia tri wéc lwgng la nho nhat. B loc ddc biét hiéu
qua trong viéc wéc lwong cac trang thai trong qua
khit, hién tai va twong lai.

Khi str dung cam bién gia tri nhin duoc sé
luén thay ddi quanh vi tri cAn bang (mac du cé
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thé1a nhé) nguyén nhan 1a do nhiéu tir hé théng.
Chtrc ndng cua bd loc la can phai loai bo dwoc
nhitng nhiéu d6 va lam min gi4 tri do. So do

Hiép phwong sai wéc lwgng dw doan
Pry1k = FkPk/kaT + Q0 (4)

nguyén 1y nhw hinh 1. Trong d6: Qkx la ma tran nhiéu roi rac
Ky hiéu wéc lwgng dy doan ctia trang thai xi.

13 Xe11)/k

Cac nguSn nhidu
Tin higu

Tin higu .
Tin do dugc cim PR ‘A ) AR PR
mew | senor | kaman | v | matertace AQuz.iltrlr.lh.}}leu .ch}nh do am 1a qua jcﬂrmh thlf
Cdé" SOl Moigie Filter onPC thap gia tri hién tai va dwa vao gia tri hién tai dé
0

hiéu chinh gia tri wéc lwong dé thu dworc két qua
du doan chinh xac. Két qua nay chinh la gia tri

?

Sai s0 Sensor

Hinh 1. Sor d6 nguyén ly ctia b6 loc Kalman
2.2. Co’ s6 ly thuyét thudt todn Kalman

Bo loc Kalman st dung trong hé thong nhw
hinh 1, Ia wéc lwgng cac trang thai cia moét qua
trinh dwoc roi rac theo thoi gian bang mot
phwong trinh ngiu nhién tuyén tinh, phwong
trinh chuyén trang thai. Welch,G.(1995);
Kalman, R.E(1960).

Xke1 = FiX + Gy + Wi

Zk = Hka + Vi
Trong dé:

x 1a trang thai doc dworc tir cdm bién

ui 1a vector diéu khién dau vao

wi 12 nhiéu dao ddong ngiu nhién (nhiéu hé
thong)

Gr 1a ma tran diéu khién (véi hé théng trén 1a
hé s6 1:1)

Fx 1a ma tran chuyén trang thai (hé s6 chuyén
trang thai 1a 1 do hé thong tinh todn gia tri truc
tiép)

Zr1a thong tin quan sat hay do lwong thuc hién
tai toi diém k

Hila ma tran cia md hinh quan sat

vk 1a nhiéu cong trong qua trinh do luwdng

Giai thudt bao gom 2 qua trinh: Qua trinh wéc
lwong gia tri @6 4m (qué trinh dw doan) va qua
trinh diéu chinh gia tri d6 4m

Qué trinh dw doan gid tri d6 am: Bo loc
Kalman dwa vao trang thai wéc lwgng gia tri do
dm dé diéu chinh X / 13 wéc lwong cta xx doc vao
tr cdm bién trudc d6 dé woc lwong trang thai
X (k+1)/k 12 woc lwgng dw doan cta xk.; cho phép
do zz+1

Trang thai dw doan:

Xk+1y/k = FiXee + Grug (3)

(1)
(2)

wéc lwong dau ra cua bd loc Kalman. Qua trinh
hiéu chinh wéc lwong dwoc thuc hién nhw sau:
K1 = Pk+1/kHI€+1(Hk+1Pk+1/ng+1 +
Rie)™ (5) ‘
Trang thai wéc lwgng diéu chinh
Xer1/kr1 = Xra1k + Kiw1(@Zar —
Hiy1 X1 (6)
Hiép phwong sai wéc lwong diéu chinh
Preyijier = (I = Kiy1Hip 1) Presa i
Trong dé:
Ki.11a d6 loi cia mach loc Kalman

(7)

Ilama tran don vi dung dé diéu chinh s6 chiéu
vector
X+1/k+1 1a trang thai wéc lwong diéu chinh &
thoi diém thi k+1. DAy chinh la gia tri dau ra cta
b6 loc Kalman.
Lwu d6 giai thuat Kalman cho qua trinh xt ly
tin hiéu d6 4m dwoc cho nhw hinh 2.

Trong d6: Rx 1a ma tran hiép bién

Du doan
Ban dau
Zpraie = FiXigr + Grt Xl
Picajk = FiPipFi+ Q, Pk

Diéu chinh

T
- PrsypcHicsy
k+1 = T
HisaPrayeHpaq + Risy

Rper1/ksr = Xiertjk T Kiean (Zre1 — His1Xuesx)

Pritpesr = (I = KpsaHio1) Priaj

Hinh 2. Lwu do gidi thudt Kalman xi¢ ly nhiéu
tin hiéu do dé dm
Nhuw vay loc Kalman bao gobm 2 bwéc sau:

175



&

2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

1. Dw doan: buéc nay yéu cau biét gia tri cla
budc trude do Xy sk, Py k- Dwa trén gia tri nay xac
dinh duorc J?(k+1)/k va Prs1/k-

2. biéu chinh: £(x41)/x Va Pryq/x duoc hiéu
chinh dwa trén thong tin quan sat zx. Cu thé Ky
dwoc tinh theo (5), dwa vao d6 xac dinh dwoc
J?(k+1)/k+1 va Pri1/k+1-
3.Xay dung mo hinh xir ly di¥ liéu do véi sensor
dd Am soil moisture
3.1. Thiét ké module do va thu thdp dir liéu

Vé so d6 nguyén ly dwoc cho nhw hinh 1 va
phwong thirc truyén nhin dir liéu dwoc mo ta
nhw hinh 3.

Vi diéu khidn
Arduino UNO R3

Interface on
PC

Sensor
soil_moisture

Y

Hinh 3. Sor d6 nguyén ly hoat dong ctia hé théng
Mo hinh gom c6:
- Sensor do do d@m soil_moisture, hinh 4

Hinh 4. Sensor do dj dm soil_moisture
Théng s6 ky thudt:
- Input-voltage Vcc = 3.3v ~ 5v
- Pin mass: GND
- Digital Output: DO
- Analog Output: AO

- Vi diéu khién Arduino UNO R3, hinh 4

Hinh 5. Vi diéu khién Arduino UNO R3
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Théng s6 ky thudt:

- Nguon Vee = 5V

- 14 pins In/Out Digital: 2 chan Serial: 0 (RX)
va 1l (TX); Chan PWM (~):3,5,6,9,10,va 11: cho
phép xuidt ra xung PWM véi d6 phan giai
8bit; Chan giao tiép SPI: 10 (SS), 11 (MOSI), 12
(MIS0), 13 (SCK).

- 6 chan Analog (A0 — A5) cung cap do phan
giai tin hiéu 10bit

- 2 chan A4 (SDA) va A5 (SCL) ho tro giao tiép
[2C/TWI véi thiét bi ngoai vi

3.2. Két qud nghién ctru thir nghiém va thdo ludn

M6 hinh dé€ thr nghiém thuit todn Kalman
dworc tich hop tir cac thiét bi nhw trén, hinh anh
mo hinh dwgc mo ta nhw hinh 6.

Trong mo6 hinh soil_moisture sensor dat gan
v&i thiét bi thu va xt ly dit liéu Arduino, vi vay
ngudn nhiéu dwoc coi 1a khong dang ké. Thong
thwong nhiéu do lwong dao déng trong khoadng
+15% gia tri thwc té. Tuy nhién dé€ nhin biét ro
dwoc kha nang lam viéc cua bd loc Kalman thi
trong code ctia vi diéu khién da dwa vao gia lap
bién dd nhiéu ngiu nhién 1a +100%. Sau d6 tron
gia tri do véi nhiéu va dung thuit todn Kalmnan
dé loc bé di nhitng nhiéu nay.

L

| g\
1
L, S i ..Lu‘,‘

Hinh 6. M6 hinh hé théng thir nghiém

Két qua chay thir nghiém thuit toan trén mo
hinh dwoc minh hoa trén cac hinh 7,8,9,10, trong
do6 nhiéu ngiu nhién 1a mau xanh da troi (blue),
gia tri do thyc la dwong c6 mau xanh 14 cay
(green) va duwdong mau do (red) la gia tri wéc
lwong. Qua trinh test thuat toan Kalman, tac gia
thwc hién sy thay do6i hé s6 loc
SimpleKalmanFilter véi cac gia tri khac nhau:



&

2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

Hinh 7,8 1a két qua khi hé s6 bang 0.02 va 0.01
cho thay gia tri wéc lwong va gia tri thwc c6 mot
sai léch twong do6i 16n, gia tri wéc lwong c6 dap
rng nhanh va bam sat t6t véi tri do thuec.

Hinh 9,10 12 két qua khi hé s6 bing 0.002 va
0.001 cho thay gia tri wéc lwgng va gia tri thwe cd
sai léch nho hon dang k€, gia tri wéc lwong it
nhip nhd va min hon, dic biét hinh 10 cho thay
két qua 2 dwong nay bam rat sat véi nhau va c
sai léch khéng dang ké. Tuy nhién viéc giam hé s6
loc sé lam cho dap rng sé cham di thiy ré nhw
trén hinh 9.

Nhuw vay sé tuy thudc vao tirng doi twong do,
yéu ciu vé do chinh xac va thoi gian dap &ng cla
hé théng trong thuec té, ta cin phai khao sat cu thé
trén mo hinh dé chon hé sé SimpleKalmanFilter

sao cho hop ly.

o he
S6 ludng méu do

aaaaa

uuuuu

Hinh 7. Test khi hé s6 SimpleKalmanFilter
bo_loc(2, 2, 0.02)

Trevee

Hinh 8. Test khi hé s6 SimpleKalmanFilter
bo_loc(2, 2, 0.01)

N W e

= T
S6 mau do

Hinh 9. Test khi hé s6 SimpleKalmanFilter
bo_loc(2, 2, 0.002)

177

D6 4m(%)

T

i

i

o koe endeg +

S6 mau do

Hinh 10. Test khi hé s6 SimpleKalmanFilter
bo_loc(2, 2, 0.001)
4. Két luan

Tac gid da nghién ctru va rng dung thanh cong
thuat toan Kalman vao x® ly dit liéu do nhiét do
st dung cdm bién soil_moisture va vi diéu khién
Arduino Uno R3. M6 hinh thyc nghiém dwoc xay
dwng nhu hinh 6 va d kiém chirng vé tinh hiéu
qua cta thuit toan, dwoc thé hién trén cac hinh
7,8,9,10.

Thuat toan dwoc danh gi4 1a dé dang 4p dung
va thwc hién, nhat 1a viéc 1ap trinh code trén
Arduino béi cé sw hé tro tir thw vién ngudén mé
st dung vGi cadc ham tinh toan Kalman va c6 thé
chay test truc tiép tlr cong cu Tool\Serial Plotter
trén ctra s6 phan mém.

Két qua thuc nghiém hoan toan c6 thé dwoc
rng dung vao thuyc té trong san xuat nong nghiép,
cho cac hé théng twdi tiéu tw dong, cong nghé
trong ciy nha kinh, hé théng du bao 1 dit ...

Thuc té hoat dong cac hé thong do, ngudn
nhiéu da dang kho lwdng, xuit hién ngiu nhién
v&i nhiéu thanh phan séng hai dwgc tron 1an vao
tin hiéu do. Tac gia dé xuit tiép tuc nghién ctru
cai tién ghép da ting thuit toan Kalman, cac ting
sé dworc thay d6i hé s6 loc mét cach linh hoat dé
c6 thé nang cao dd chinh xac, chat lwong ctia bd
loc va hiéu qua lam viéc cua thuat toan.

Tai liéu tham khao
DPao Vin Phuwong, Nguyén Anh Tuln, Vii Trung

Hiéu: U'ng dung bd loc Kalman xtr Iy tin hiéu can

dong. Tap chi khoa hoc va cong nghé - Pai hoc

ba Nang, Vol. 18, No. 11.1, 2020, ISSN 1859-

1531.

Pinh Xuan Vinh: Ap dung bo loc Kalman dé nang
cao do chinh xac do GPS dong. Tap chi Khoa hoc
PHQGHN: Cac Khoa hoc Trai dit va Moi truwong,
Tap 34,56 2 (2018) 74-85



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

Welch, G., Bishop, G.: “An introduction to the
Kalman filter”, Technical Report TR 95-041,
University of North Carolina, Department of
Computer Science, 1995.

Kalman, R.E.: “A New Approach to Linear Filtering
and Prediction Problems”, Trans. of the ASME
- Journal of Basic Engineering, 1960, 2, (12), pp.
35-45.

Panwar, A, Trivedi, ]J. J., & Nejadi, S. (2015).
Importance of distributed temperature sensor
data for steam assisted gravity drainage
reservoir  characterization and history
matching within ensemble Kalman filter
framework. Journal of Energy Resources
Technology, 137(4).

Chiang, C. ], Yang, J. L., & Cheng, W. C. (2013).
Temperature and state-of-charge estimation in
ultracapacitors based on extended Kalman
filter. Journal of Power Sources, 234, 234-243.

178

Eleffendi, M. A, & Johnson, C. M. (2015).
Application of Kalman filter to estimate junction
temperature in IGBT power modules. [EEE
Transactions on Power Electronics, 31(2), 1576-
1587.

Dwong Ngoc Phap: C4c giai phap gidm nhiéu cho
cam bién do lwong quan tinh &ng dung trén
robot hai banh tw cin bang. Ky yé&u hoi thdo
khoa hoc quéc gia CITA 2017” Cong nghé thong
tin va &ng dung trong cac linh vuc”, 2017, pp.
225-229.

bdng Van Chi, (2017). K§ thuat do lwong dién va
cac thuat toan do phi dién, NXB Xay dung, 298
trang.

Ping Van Chi & nnk (2021). Po luong diéu
khién bang may tinh - ing dung cng nghé loT-
Lora Gatway dé giam sat va diéu khién xa trén
web server, NXB Khoa hoc — ky thuat, 285
trang.



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

Thiét ké b0 diéu khién PID tw chinh m¢ dé on dinh mirc nwéc
bao hoi - Cong ty cd phan nhiét dién Quang Ninh

Ding Vian Chi 1" Nguyén An Dong?, Nguyén Dinh Théng3, Uong Quang Tuyén*

1Khoa Co Dién, Trwong Pai hoc M6 Dia Chdt, Viét Nam, dangvanchi@humg.edu.vn
2Céng ty cd phdn nhiét dién Qudng Ninh, Viét Nam, dong1672@gmail.com
3Vién Khoa hoc Cong nghé M6 - VINACOMIN; Viét Nam, T95959@gmail.com
“Khoa Co Dién, Trwong Pai hoc M6 Dia Chdt, Viét Nam, uongquangtuyen @humg.edu.vn

THONG TIN BAI BAO

TOM TAT

Qud trinh:

Nhan bai 17/06/2021
Chip nhan 17/7/2021
bang online 19/12/2021

Tir khéa:

mo tw chinh, mirc nwéc
bao hoi, 10 hoi nhiét dién,
PID controller, self-tuning
fuzzy PID

H¢ théng diéu khién mitc nuéc bao hoi la mgt trong nhitng khdu quan trong
trong cdc nha mdy nhiét dién. Cong tdc diéu chinh giir 6n dinh mirc nwéc bao
hoi ¢6 y nghia trong viéc duy tri sw lam viéc 6n dinh, an toan va kinh té cho
hé théng lam viéc cua lo hoi va tua bin. Bai bdo dé xudt xdy dung mot bg diéu
khién mo tw chinh dé tw dong chinh dinh cdc tham sé ctia bd diéu khién PID
khi mé hinh déi twong lién tuc thay doi. Thudt todn fuzzy logic sé dw bdo va
tinh todn dé xdc dinh cdc tham sé PID sao cho phtt hop véi sw thay doi mo
hinh déi twong. Két qud nghién civu trén Simulink Matlab cho phép tich hop
bo diéu khién PID tw chinh mo ndy vao hé théng diéu khién hién nay. NG sé
gop phdn cdi tién, ndng cao chdt lwong diéu khién, sw lam viéc 6n dinh va duy
tri hidu sudt lam viéc ctia hé théng bao hoi, tua bin mdy phdt ctia Cong ty c6

phdn nhiét dién Qudng Ninh.

© 2020 Truwong Pai hoc M6 - Dia chat. Tt ca cac quyén dwoc bao dam.

1. M¢ dau

Trong nha may nhiét dién thi 10 hoi 1a trai tim,
la khu vuc quan trong nhat cda nha may. Vi vay
mirc nwéc bao hoi 1 mét trong nhirng thong sd
quan trong nhit can dwgc kiém soat nghiém ngat.
Theo yéu cau lwgng qua diéu chinh chi cho phép
mtrc nwére bao hoi dao dong xung quanh +10% so
vGi gia tri dat. Tuy nhién doi twong nghién ctru 1a
mot hé thong cé tinh phi tuyén manh véi nhiéu
tham s6 bat dinh, m6i trwong lam viéc cong nghiép
ton tai nhiéu nhiéu ngau nhién tc dong...Bén canh
d6 thi hé thong cling hoat ddng song song véi nhiéu
vong diéu khién khac nhw 4p suit, nhiét do, luu
lwong...Sy diéu chinh cic dai lwong nay sé anh
hwdng dén cac dai lwong khac. P4 1a nhirng nguyén
nhén chinh cé thé lam cho m6 hinh ddi twong khao
sat bi thay d6i, khi d6 hé thong diéu khién ciing cin
phai diéu chinh lai cic tham s6 cho bo diéu khién
PID sao cho phu hop. Pé xuit sir dung bd diéu
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khién m¢ tw chinh (self-tuning fuzzy PID) dé tuw
dong hiéu chinh cac tham s6 PID s& khic phuc dwoc
nhirng bat cip trén va gép phan ci tién nang cao
chit lwong diéu khién hé théng bao hoi, duy tri sw
lam viéc 6n dinh, an toan cia Cong ty.

Trong nwéc cling da c6 mot s6 cac nha khoa
hoc hay mot s6 cac cong trinh nghién ctru dé cap
dén viéc rng dung cac thuat toan diéu khién tién
tién va hién dai cho hé théng diéu khién mic
nwéc bao hoi & cac nha may nhiét dién. Trong
ludn van thac si cda tac gia Lé Thi Huyén Linh
(2009), da nghién ctru tng dung bo diéu khién
duw bao MPC (Model Predictive Control Toolbox)
trén Matlab d€ mo phong hé théng. Trong do cé
tac gid da huan luyén thanh céng moét mang
noron nhan tao dé lam céng cu du bao mirc bao
hoi dwa trén do lwong cac dai lwong bao gom ca
nhiéu. Két qua chay mé phdng trén Simulink clia
Matlab cho thdy chit lwgng diéu khién dwoc
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nang cao khi khao sat véi cac nhiéu ngau nhién.
Tuy nhién khé khan khi 4p dung thanh cong
thult toan nay vao thuc té la tic gid cin phai ¢
mot tip div liéu da 16n, phu kin dwoc cac diéu
kién lam viéc va ché d6 van hanh cta hé théng.

Trong mot ludn van Thac si khac cua tac gia
Pham Xudn Son (2015) da trinh bay nghién ctru
rng dung bd diéu khién PID dé diéu chinh 6n
dinh mi&c nwéc bao hoi. Tir d6 tac gia tiép tuc dé
xudt y twong ng dung thuit toan mo lai dé cai
thién chat lwong ctia hé thong diéu khién PID
hién c6. Véi viéc st dung thém bd diéu khién mo
lai, tac gid da tin dung dwoc toi da wu diém cda
ca hai hé théng diéu khién trén va két qua nghién
ctru thong qua mod phdng trén phin mém cho
danh gia chit lwgng cia hé thong dwoc cai thién
tét hon khi chi st dung b6 PID thuan tuy.

Ciling trong mot dé tai nghién ctiu cta tac gia
Ubng Quang Tuyén (2008), da trinh bay nghién
ctu kha chi tiét vé phwong phap diéu khién mirc
nwéc bao hoi 2 phan tk. Bao gom tir khdo sat cac
dac tinh qua do suw thay d6i mirc nwéc trong bao
hoi, khao sat va xay dung dwoc ddc tinh qua do
cda van diéu khién. Qua d6 da xay dung dwoc cac
ham truyén ctia do6i twong va thiét ké dwoc bd
diéu khién PID phu hgp. Mét diém kha méi dugc
tac gia dwa vao la st dung bo diéu khién cé thém
khau bu nhiéu, y twéng nay di dwoc kiém chirng
thong qua mé phdng trén Simulink_Matlab. Két
qua dwoc danh gia 1a da gép phan ning cao dwoc
chat lwong diéu khién ctia hé théng va kha nang
khang nhiéu cta bo diéu khién.

Trén Thé gi¢i viéc nghién ctiru rng dung thuit
toan self-tuning fuzzy PID di dwoc nhiéu nha
khoa hoc quan tdm nghién cru va da cé nhiéu
rng dung trong thuc té cho nhiéu doi twong
trong cong nghiép. Nhom tac gia Tian, H.Lu,
J.&Yang,Q. (2013) trong mot cong trinh nghién
clru da rng dung bo diéu khién self-tuning fuzzy
logic controller d€ diéu khién van tiét lwu dién
v&i muc tiéu 6n dinh nhiét d6 hoi qua nhiét trong
hé thong lam mat Chiller. C4c tic gia da tién hanh
thi nghiém trén hé théng lam mat Chiller cho két
qua bo diéu khién self-tuning dat chit lwong tot
hon so vé&i bd diéu khién PID théng thuong.
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Trong mot bai bao khac cia nhém tac gia Alj,
M. M., Khan &nnk(2014) di dé xuit thuit toan
self-tuning fuzzy PI controller dé diéu khién ap
sult khi cung cip cho hé théng diéu hoa va théng
gi6 trung tAm clia mét toa nha. Két qua chay thuit
toan thong qua md phong cling chirng minh viéc
ap dung bd diéu khién self-tuning fuzzy PID
mang lai hiéu qua ro rét trong diéu kién binh
thwong cling nhw trong diéu kién khac nghiét caa
moi truong.

Nhu vay c6 thé thiy, viéc diéu khién 6n dinh
mirc nwdc bao hoi cb lién quan téi rat nhiéu
théng s6 xung quanh va cac bién cia qua trinh.
Viéc nghién ctru rng dung cac thuit todn diéu
khién mdi, tién tién va hién dai két hop véi thuit
todn PID kinh dién dang la dé tai mang tinh thoi
s, c6 nhiéu y nghia khoa hoc va thuc tién.

2. Co’ s& ly thuyét b diéu khién PID tw chinh mo
2.1. Bé diéu khién PID

Trong linh vuwc diéu khién, bé PID dwoc xem
nhw mét giai phap da nang cho cac rng dung diéu
khién analog ciing nhw digital. So0 d6 nguyén ly
ctia bo diéu khién PID kinh dién dwgc mo ta nhw

hinh 1.

} Biénra
Gia tr qué trinh

dat

+ : : .
Poi trong diéu khién

Sensor do lwong

Hinh 1. So' d6 nguyén ly bé PID kinh dién

M6 hinh toan hoc b6 PID dwoc mo ta:

u(t) = Kp.e(t) +K; [ e(x)dx + KD.dZ(tt) €8]
Hay dang ham truyén:
G(PID)(s) = K,, + K? +Kp.s (2)

Thuwc hién bd diéu kién PID dwa trén sai léch
gilra gia tri dat va gia tri thwc dé sao cho tim dwoc
cac gia tri phu hop cho ba tham s6: Ky, K;, Kp.

Nguyén tic chung dé x4c dinh cac tham sd ciia
bd diéu khién PID 1a thwong theo Zeigler -
Nichols
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Cac tham s6 nay dwoc tinh toan dé lam viéc &
mét ché do c6 dinh. V&i hé thdng diéu khién mic
nuéc bao hoi trong cdc nha may nhiét dién thi
déi twong nghién ciu lam viéc trong mot moi
trwdng co tinh chit dic thu rat khic nghiét. Nhiét
do, do Am va ap suit hoi thay doi lién tuc, do
nhiéu 16n, nhiéu tham s6 bat dinh cé tinh phi
tuyén manh. Vi vy ma cac tham s6 bd diéu khién
PID cin thiét phai dwoc hiéu chinh thwong xuyén
dé thich nghi v&i nhirng thay do6i dé. Viéc nghién
cru rng dung thuit toan mo ty chinh sé giai
quyét dwoc bit cip nay, gidp cho hé thong lam
viéc 6n dinh hon va ciing dé€ gop phan cai thién,
nang cao chat lwong cac hé thong diéu khién mirc
nuwéc bao hoi hién tai.

2.2. B6 diéu khién mo tw chinh tham sé PID

Hé théng diéu khién mirc nwéc bao hoi trong
Cong ty CP nhiét dién Quang Ninh dang st dung
la bd diéu khién PID kinh dién, théng thuong
ching dwgc tinh toan cho mot ché dé lam viéc c6
dinh. Tuy thudc vao cac diéu kién van hanh thuc
té€ ma cac hé so Ky, Ki, Kp ndy sé dwoc diéu chinh
théng qua giao dién diéu khién tir can bo ky
thuat. Ban than déi twong nghién ctru c6 tinh phi
tuyén manh va nhiéu tham sé bat dinh. Mai
treong 1am viéc cia hé thong ludn ludn bi tac
dong do nhirng ngudn nhiéu ndi va nhiéu ngoai
phtrc tap. P6 1a nhitng nguyén nhan lam cho mé
hinh déi twgng cé thé bi bién doi, khi d6 cac tham
s6 cua bo diéu khién PID ciing phai thich &ng va
thay d6i sao cho phu hop.Vi vdy can thiét phai
nghién ctru mot hé thong cé thé tw dong diéu
chinh cac tham s6 nay. So d6 nguyén ly ciu tric
ctia mot bo PID ty chinh (self-tuning fuzzy PID)
dwoc mo ta nhw hinh 2; Pang Van Chi (2009).

Fuzzy Tuner
Fuzzy Reference

Déi trong Output
dieu khien

Set point +

Sensor do
ledmg

Hinh 2. So d6 bo diéu khién PID tw chinh mo
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Vé ciu tric cta bo diéu khién mo (Fuzzy
Tunner) c6 hai d4u vao cho bd suy ludn m¢ gom
sailéch e va dao ham sailéch de/dt (Ae). M6 hinh
suy ludn véi mot thuat todn hiéu chinh dé cé
dwoc gia tri toi wu cho cac tham sé Ky, K;, Kp
3. Xay dwng mo hinh toan cuia d6i twong nghién
cliru

3.1. So d6 nguyén ly diéu khién 1 phan tir bao hoi

1
, 1
1

Do lrbmg

Setpoint

Van digu khign

Mudc cap

FCV-52

Hinh 3. So d6 diéu khién mirc nwéc bao hoi

C6 nhiéu phwong phap dé diéu khién mirc
nwdc bao hoi, nhw diéu khién 1 phan t, diéu
khién 2 hoac 3 phan t. Diéu khién 1 phan ti thi
tin hiéu diéu khién & diy la mic nwéc trong bao
hoi, tin hiéu dau ra cua bd diéu khién dwoc dwa
téi hé théng van déng mé nwéc cdp. So do
nguyén ly cia hé théng diéu khién 1 phan t& méo
td nhw hinh 3; EVN-TPC_Quang Ninh (2016).
Trén hinh 3:

W/I: b6 chuyén d6i mirc/dong dién

I/P: b6 chuyén déi dién/khi nén

BDK: b6 didu khién

Sensor: cam bién do mi&c trong bao hoi
Thong so ky thuit bao hoi:

Chiéu dai 5.5m; dwong kinh trong ®=1,8m;
thé tich thwc V=40m2, lwu lwong hoi cwc dai qua
van FCV-52=995tan/h, nhiét d6 hoi 541+50C.
Pham vi hoat ddng mirc nwére trong bao hoi: T -
115mm dén +Omm

Khi mirc nwéc gidam -240mm hoac tang
+100mm so v&i +O0mm hé théng canh bido mirc
thip hodc cao.

Khi mirc ti€p tuc gidm xudng -425mm hodc
tang qua +200mm hé thong sé Shut_down
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3.2. Khdo sdt va xdy duwng mé hinh todn ctia déi
twong; Uéng Quang Tuyén (2008)

bé &rng dung thuit toan self-tuning fuzzy PID
vao diéu khién d6i twong, can tién hanh khao sat
va xay dung md hinh todn cho cac doi twong
trong hé théng. Hé thong diéu khién mirc nwéc
bao hoi hoat dong theo so d6 mot phan tir dwoc
mo ta nhw hinh 4.
Gid tri d&t

PV
e
X BBDK |—-| P }—-|wwcv52|—-| Bao hoi r—b

Hinh 4. So d6 nguyén ly hé théng diéu khién mirc
nwéc bao hoi 1 phan tiy

Nhw vdy d€ c6 co s& thiét ké dwoc bo diéu
khién PID, ta can khdo sat va xay dung dwoc ham
truyén cua cac khau I/P - Van FCV-52 - Bao hoi
- Sensor do lwong.

a) Ham truyén dat ctia Sensor;
Ping Vin Chi (2017)

Thiét bi do mirc dworc hiéu chinh trong dai do
+500mm, twong ng véi tin hiéu ra chuin hoa
cia cam bién tlir 4-20mA. Thiét bi do c6 ham
truyén la mot khau quan tinh bac nhit:

Wir(s) = 3)
Trong do: K - 1a hé s6 khuéch dai cua thiét bi do,
dwoc xac dinh nhw sau:
Almax _ 20—4 mA
K= m= m = 0,016% (4)
T - thoi gian tré cta thiét bi do, thong
thwong T=0,005s

0,016
Wa(s) = 0008 (5)

b) Ham truyén ciia bé chuyén doi 1/P (dién -
khi nén); bang Van Chi & nnk (2021)

B0 chuyén ddi I/P c6 tin hiéu vao 1a dong dién
[=4-20mA, tin hiéu ra la 4p suat khi nén P=0,2 -
1Kg/cm2. Thiét bi nay c6 ham truyén la mot khau
khuéch dai v&i hé sé khuéch dai K dwoc xac dinh:

APmax 1-0,2 Kg/cm2
K= Almax = 20-4 0,05 grilA (6)
c) Ham truyén dat ciia Van FCV-52

Ham truyén cta van dwoc coi 1a mot khau

quén tinh bac nhit c6 tré dang ham truyén:
Wo(s) = S (7)

1+Tv.s
Trong dé:
Kv - Hé s6 khuéch dai ctia van
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TV - Thoi gian tré cta van, thuong 14y T=0,01s

Khi tin hiéu vao thay doi tir 0,2-1,0 kg/cm2 thi
d6 m& cda van thay déi tir 0%-100%, khi dé hé
s6 khuéch dai dwoc xac dinh:

K, = =72 =125 %open(FCV52)/(kg/cm2)(8)

Ngoai ra khi d0 mé& van %open_FCV52) thay
déi ttr 0%-100% thi lwu lwong nwée qua van thay
déi tir 0-995T /h. Tir d6 hé s6 truyén lién hé gitra
lwu lwong nwére qua van va dé mé van la:

995
Kr =22 =995 9)

Nhuw vay két hgp véi ham truyén van & trén
xac dinh dwgc ham truyén dat cia van thé hién
mai quan hé tin hiéu vao 1a khi nén va tin hiéu ra
la lwu lwong nwée cip qua van:

1245
Ky-r=Kr.Wy(s) =05 (10)

d)Ham truyén dat cia déi twong diéu khién -
bao hoi

bé xac dinh dwoc ham truyén dat ctia bao hoi,
can phai xay dung dwgc dic tinh dong hoc cta
d6i twong thong qua thwc nghiém bang cach tac
déng 1én dau vao cla déi twong mot tin hiéu bac
thang va ghi lai phan &ng dau ra theo thoi gian,
hinh 5.

Q(T/h) FCW-52

t(s)
H{mm)

10

el T | (s)
0 15 50 95
Hinh 5. Ddc tinh dong hoc ctia mirc bao hoi theo
Ivu lwong nwéce cdp
Ham truyén cua doi twgng - bao hoi (tir dic
tinh qua d6) dwoc mo ta dwdi dang gan ding la
mot khau tich phan c6 tré:
Ke™™
War(s) = S
Trong dé:
K- hé s6 khuéch dai

(11)
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K=—2=0125 (12)
95-15 g
T - la hang s6 thoi gian tré, T = 15s
Ham truyén déi twong la:
0,125.e7158
Wq(s) = ——— (13)
U'ng dung khai trién Taylor d&i véi e15s =
1/(1+15s), khi d6 ham truyén déi twong viét
dang gan dung:

0,125 0,0083
Wa(s) =

s(1+15s) - 52+40,067s
4. Xac dinh cac tham sé cua bo diéu khién PID va
mo phong hé thong

(14)

C6 nhiéu cach dé xac dinh tham sé cia bo diéu
khién PID nhwng pho bién hién nay cé thé ap
dung phwong phap Ziegler-Nichol, so bo xac dinh
cac tham s6 Kp=0,1664; Ki=0,00076; Kd=1,67;

Ung dung Simulink_Matlab mé phdéng hé
théng, so d6 simulink nhw hinh 6

Két qua khao sat dac tinh qua do va cac chi
tiéu chat lwgng nhw hinh 7.

-5

Scope

VP Comverter VAN FCV-52 BAO HOI

SETPONT
e
Canstart PID Contoller Gain

SENSCR

1245
0015+

00083
s2+0.067s

Transfer Fonl

0.018
0005541

RER

Hinh 6. M6 phéng hé thong diéu khién mitc bao
ho'i khi

Transter Fen Transfer Fond

uuuuuuuuuuuuuuuuuu

Hinh 7. bdp ttng qud do6 véi by diéu khién PID
Ddnh gid vé chdt lwong diéu khién ctia hé théng
qua cdc tiéu chi:
 Thoi gian tidng toc Rise time (tin hiéu ting tir
10%-90% do 1ém): 8,02s
e Thoi gian qué trinh qua d6 Setting time: 64,7s
» D6 qua diéu chinh Overshoot: 23%

e Sai léch tinh: 0,05
e Bién do dinh cda dac tinh Peak: 1,23 (so vé&i
Setpoint=1)
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5. 'ng dung b diéu khién self-tuning fuzzy PID
controller dé cai tién hé thdng.

5.1. Thudt todn self-tuning fuzzy PID controller

Trong qua trinh lam viéc ctia hé théng bao
hoi, do tinh chit cia ddi twgng la phi tuyén va bat
dinh, moi truedrng cong tac ludn tiép xic véi nhidu
ngudn nhiéu khac nhau. Nhitng nguyén nhan dé
lam cho m6 hinh d6i twong lién tuc c6 thé bi thay
d6i. Viéc khong diéu chinh kip thoi cac tham sé
PID sé& dan dén hiéu suit 1am viéc bao hoi khong
dat nhu thiét ké. P& khic phuc nhwoc diém nay
cling nhw cin cai thién va nang cao chat lwong
cta hé théng diéu khién hién tai, doi hoi hé théng
can phai thich nghi tot hon sw thay déi lién tuc
cia mo hinh d6i twong. Vi viy dé xuit cai tién hé
thong diéu khién sao cho ching cé kha nang tw
chinh cac tham so k,, ki, kp nay.

So d6 nguyén ly dé xuit dwgc mo ta nhuw hinh
2. O d6 sai léch e va dao ham cta sai léch Ae 1a
nhitng tham s6 dau vao ctia bd chinh mo. Cac tin
hiéu ra dwoc chinh dinh la k', ki'va kp’ twong tng.

Gia st tham s0 ctia bo diéu khién PID thay déi
trong pham vi lan lwot 1a: [Kpmin-Kpmax]; [Kimin-
kimax] H [kDmin'kDmaX] .

Pham vi thay d6i giira gia tri min-max ctia cac
théng s6 dwoc khado st tir mo hinh trén simulink-
Matlab. Khi d6 cac hé sé ky’, ki'va kp’ sé& dwoc
chuin héa theo 1 phiém ham muc tiéu. Tian, H.,
Ly, J., & Yang, Q. (2013).

Két qua khao sat mé hinh héa doi twong trén
simulink_matlab, pham vi diéu chinh 3 tham sé
bd diéu khién PID nhw sau: k,=0,05+10;
ki=0,0001+0,001; kp=0,1+15.

Cac tham s6 kp, kiva kp xac dinh nhw sau:

. k,—K,mn  k,—0,05
k = =
" Kymx —Kpmn  10-0,05
> Kp=9,95K’,+0,05  (15)
' —_Ki —Kimn __k; —0,0001
' Kimm —Kimn 0,001 —0,0001
> Ki=0,0009K’+0,0001 (16)
K, =Ko Kom _Ko=O1 \ " 1gq6 101
kDmax _kDmin 15_0’1
(17)
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5.2. Xdy dwng ma trdn ludt hop thanh suy ludn
mo self-tuning fuzzy PID trong Matlab

Cac bién ngdn ngir dau vao 1a e va Ae dwoc
dinh nghia bang 5 bién ngdn ngir dwoc xac dinh
bang cac tAp md dang hinh Gauss bao gom:

e va Ae = {Negativ Big, Negativ, Zero, Positiv,
Positiv Big} hay viét tat e va Ae = {NB, N, Z, P, PB}

Hinh dang, s6 lwong ham lién thuéc dwoc
chon can c& vao tinh chit, dic diém cta déi
twong nghién ctru.

Cac ham thudc dau ra ke, ki'va kp’ dwoec mé ta
cling 1a hinh Gauss va c6 5 bién ngén ngir dang
ke'(ki’, k') ={NB, N, Z, P, PB}

Xay dung ma tran luat hgp thanh cho cac
tham s6 chinh dinh k¢’, ki'va kp’ nhw bang 1,2,3.

Bdng 1. Ma trdn ludt diéu khién hé s6 k,’

e

= NB N z P PB
NB NB NB NB N Z
N NB N N N Z
Z NB N z P PB
P Z P P P PB
PB z P PB PB PB
Bdng 2. Ma trdn ludt diéu khién hé sé ki
£ NB N z P PB
Ae
NB PB PB PB N NB
N PB P P Z NB
Z P P Z N NB
P Z P N N NB
PB Z z NB NB NB
Bdng 3. Ma trdn ludt diéu khién hé sé kp
N NB N z P PB
e
NB NB NB NB P PB
N NB N N z PB
Z N N Z P PB
P Z N P P PB
PB z P PB PB PB

Thuc hién cai dat thuat toan self-tuning fuzzy
bao gdbm cac ménh dé tir cic ludt hgp thanh (bang
1,2,3) trong simulink matlab. Cic ham thudc
dwoc st dung la cac ham hinh Gauss, luat hop
thanh m¢ 12 Max-Min va giadi m¢ bang phwong
phap trung binh tam.

5.3. Két quda mé phéng hé théng voi b diéu
khién self-tuning fuzzy PID controller

Sau khi cai dat xong thuat toan self-tuning
fuzzy, chay mo phong simulink, hinh 8

VP Comverter VAN FCVAED BADHOI SENSOR

In1
2 oulal s | ) oo | ) oo |
0015+ 240007 0005541

13 )
Gt Tarsfa Fon Tiarele Ford Scopet

SETPONT

Constant

M_.
v 5ol Toig Fuzzy Trasfer Fonl

FID Confroller

Hinh 8. M6 phdng hé théng diéu khién vdi self-
tuning fuzzy PID controller

Hinh 9. bdp wng qud dé véi PID va self-tuning
fuzzy PID controller

Ddnh gid vé chdt lwong diéu khién cua self-tuning
fuzzy PID controller:

 Thoi gian tang toc Rise time (tin hiéu tang tir
10%-90% dd 16n): 4s

e Thoi gian qua trinh qua do Setting time: 45s

e D6 qua diéu chinh Overshoot:10%

» Sai léch tinh: 0.002

e Bién d6 dinh cta dic tinh Peak: 1,1 (so véi
Setpoint=1)

Do6i sdnh cac chi tiéu nay so véi bo diéu khién
chi dung PID (muc 4) nhén thay cac gia tri déu
dwoc cai thién va nhd hon, dap &ng qua do cé
chat lwgng cling tot hon.

6. Két luan va thao luin

Bai bao da trinh bay thuat toan self-tuning
fuzzy PID dé tw dong chinh dinh cic tham s6 cta
bd diéu khién PID cho hé théng 6n dinh mirc
nwéc bao hoi - Cong ty c6 phan nhiét dién Quang
Ninh.

Thuit toan di dwoc kiém tra va chay moé
phéng trén simulink_matlab trong truwdng hop
chi dung PID va trwong hop dung self-tuning
fuzzy PID. Panh gia vé chit lwong cta bo diéu
khién thong qua 5 tiéu chi cho thiy thuit toan
self-tuning fuzzy PID déu c6 sw cai thién ro rét vé
chat lwgng. Dac biét cai tién tot nhat & 3 tiéu chi:
Rise time, Setting time, Overshoot.

Tuy nhién két qua trén mai chi dwgc danh gia
thong qua mé phdong va budc dau co sv cai thién
nhit dinh. Pé xuit tiép tuc nghién cttu *rng dung
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thuit todn trén mo hinh thwc dé cé thém nhirng
danh gia vé do tin cdy, sw lam viéc 6n dinh va bén
vitng cia ca hé thong diéu khién trong truong
hop c6 cac ngudn nhiéu trong cong nghiép tac
déng dén doi twong.

Thuét toan self-tuning fuzzy PID c6 thé dwoc
tich hop vao cac bo diéu khién PLC tir cac phién
ban S7-300. Cac qua trinh chinh dinh m¢ tham sé
cho bd diéu khién PID dwoc thiét ké dwa trén
phan mém FCPA (Fuzzy Control Parameter
Assignment), day 1a phan mém ho tro viéc tao lap
bd diéu khién mo cho PLC S7-300. Sau khi tich
hop thi c¢é thé cho chay song song cung véi bd
diéu khién hién nay ctia Cong ty. So sdnh két qua
cda 2 bd diéu khién sau mot thoi gian thir nghiém
truwdre khi c6 thé ap dung vao thuc té san xuit.
Pong gop cactacgia:

1. Tac gia 1: Nghién ctru co sé ly thuyét, thuat
toan PID, self-tuning fuzzy PID, tong hop va viét
bai

2. Tac gia 2: Thu tap cac tai liéu ky thuat, quy
trinh van hanh cong nghé, khao sat dac tinh doéi
twong

3. Tac gia 3: Cai dat cac luat diéu khién mo,
tich hop va thwc hién moé phdéng trén
simulink_Matlab

4. Tac gia 4: Thiét ké va xdy dung mo hinh
toan hoc cua cac déi twong nghién ciru.
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gl}? trgfh'ﬁ 06/2021 Viéc thiét ké mét b diéu khién PID s6 va kiém tra chdt lwong diéu khién ctia
an bal /06/ né giit mot vai tro quan trong trong cdc bai todn xdy dwng b diéu khién

Chap nhan 17/7/2021 cho cdc déi twgng trong tw dong héa quia trinh sdn xudt. Bai bdo trinh bay

bang online 19/12/2021 chi tiét bai todn xdy dung va kiém chirng bé didu khién sé cho hé thong tw

Tt khéa: ddng trén Matlab.

PID, ADC, DAC, Lo nhiét, © 2020 Truong Pai hoc M6 - Pia chat. T4t ca cac quyén dwoc bao dam.

Matlab

1. M¢é dau Déi véi bai toan xay duwng bd diéu khién s6 thi

Vi su phat trién khéng nglrng ctia khoa hoc,
Ky thuét va cong nghé vé phan clrng ciing nhw
phdn mém da mang lai nhiéu thanh tyu to 16n
trong cac linh vuc cong nghiép dac biét trong linh
vuc st dung may tinh s6 (Vi xtr ly, Vi diéu khién
hay b6 logic kha trinh PLC) nhw mot thiét bi diéu
khién. M6 hinh cia mét hé thong tw déng héa st
dung mady tinh s6 duoc biéu dién & Hinh 1(ND
Khoat, 2012). Trong dé:

a) May tinh s6 chira dung chwong trinh diéu
khién bao ham cac luat diéu khién;

b) BO giao tiép bao gom:

e B0 chuyén déi twong tw sang s ADC
chuyén doi tin hiéu phan héi tir ddi twong diéu
khién vé may tinh sé.

e B0 chuyén déi sé sang twong tw DAC
chuyén d6i tin hiéu s6 tlr may tinh sd sang tin hiéu
lién tuc dé diéu khién doi twong.

c) Daitwong diéu khién la 10 nhiét.
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viéc xac dinh mé hinh todn hoc ctia d6i twong diéu
khién va dwa trén mé hinh nay cling nhw yéu cau
ctia cdng nghé ma tir d6 lwa chon bo diéu khién
thich hop dé cai dat hay 14p trinh trén may tinh sé.

Trén co s& nay, bai bao di vao gidi thiéu chi tiét
cac budc xy dung mot bo diéu khién PID s6 qua
mot vi du vé diéu khién 106 nhiét.

Phin con lai ctia bai bdo dwoc bo cuc nhu sau:
phan 2 di siu vao gidi thiéu bai toan diéu khién,
thuit toan diéu khién 10 nhiét, va mot chuwong
trinh md phong bo diéu khién trén nén Matlab
Simulink dworc trinh bay trong phan 3, cudi bai
bao 1a phin két luan.
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GAz) Nhiét 46 méi truéng
bén ngoai 1o nhiét
o -
d Mis)
L .1 0.0104K,, Gel) Lo Bols) M Kua > %
NA Lo nhiét u.é bd kl}uéch
dai cong suat
_?(T_ V(s
Koy 0.0104
Ye*
AN Céam bién do nhiét dé va
bé khuéch dai do Ivdng
. " Bé giao tiép £46i tuong
May tinh so (ADC, DAC) didu khién

Hinh 1. Sor 6 khdi hé thong tw ddng str dung mdy tinh s6

2. Bai toan diéu khién

O’ bai toan diéu khién nhiét d, viéc thuc hién
thay d6i nhiét dg, gitr 6n dinh nhiét mot thoi gian,
va giam dan nhiét dd c6 mot vai tro vo cing quan
trong quyét dinh tdi chat lwgng cia sdn pham. D€
thuc hién dwoc qua trinh nay can st dung bd diéu
khién s6 nhiét do.

TBC
220°
100%h -100°h
]
0 Oh 2Zh 4h 6h

Hinh 2. Puwong ddc tinh nhiét do yéu cdu

0-5 volts
BS ":gé" abi Khuéch dai do
12 bits lwémg

Cam bién
nhiét dé

Lo nhigt

May tinh sé

Sovi dbt

B¢ chuyén adi
DAC

Khuéch dai
cong sudt

12 bits 0-5 volts

Hinh 3. So do cdu triic diéu khién ciia 1o nhiét
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u
215.5° C (2.245 volts)|

Khuéch dai do

///’ Yolt
JACE

Irong
123.16° C (1.283 volt: ﬁ

Cambién

nhigt do

20° C (0.208 volt: L& nhigt

— 3480s e— t Soi dét

— e—520s v

u ‘N\/V\/\/}‘
1.25 volts m Khuéch dai

cbng suét

0 volts

Hinh 4. Bac tinh 10 nhiét thyec nghiém

Nhigt 8§ moi trurdrng
bBén ngoai Ié nhiét

M - Y(s
(s) 1564750 (s) .
3480s+1

Lo nhigt va bd
khuéch dai cong suét

Ymls)
0.0104 |e¢—m

Cam bién do nhiét 9o va
b khuéch dai do luéng

Hinh 5. M6 hinh todn ham truyén

Theo yéu cau ctia cdng nghé gia nhiét, sai 1énh
nhiét d6 & ché do xac lap sau khi nhiét d6 dat téi
gi4 tri d3t1a phai bang 0 va qua trinh gia nhiét phai

dam bao bam theo dwdng dac tinh ky thuat &
Hinh 2 v&i yéu cau gitr nhiét dé c6 dinh & trong
2200C trong 2 tiéng va nhiét do thay ddi khong
qua 100°C/h. Yéu ciu gia nhiét nay dwoc thuc
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hién trén mo hinh 16 nhiét & phong thi nghiém c6
cu tric nhw & Hinh 3.

Trén co s& ciu tric nay, nhiém vu cta bai toan
cin giadi quyét dau tién 1a xac dinh md hinh toan
hoc cda 16 nhiét (ND Khoat, 2012). M6 hinh toan
dwoc xac dinh trén co s& thwe nghiém bang cach
tién hanh 14y miu tim dwong cong thuc nghiém.
Véi phwong phap nay tac gid thu dwoc duwong
cong thuc nghiém cho & Hinh 4.

Tl d6 xac dinh dwgc ham truyén hay mo hinh
toan ctia 10 gia nhiét cho & Hinh 5.

Thuc hién bién d6i sang mién Z mo6 hinh toan
cuia hé:

2% Ish
K, v= = =81921Isb /v
(D
S5v 7
WA= 21215b=2*10 v / Isb
BoGpH(z)=
-520
2_12 KN/A*156.4*e d *0.0104*KA/N
z 5(3480s5+1)
_z-1, 1.6266¢ %
z 5(3480s +1)
(2)
1.6266(1— e T/3480
BoGpH (z)=162661=¢€ )
2(z— e T/3480)
bl
z(z—-b2) 3)
Trong do:
e Kun: Hé s6 chuyén doi cia bd bién doi
twong tw sang s6 ADC;
e Knsa: Hé s6 chuyén déi ctia bo bién doi s6
sang twong tu DAC;
e Bo(s): Khéu lwu gitr bic khong trén mién
laplace s;
e Gp(s): Him truyén 10 nhiét trén mién
laplace s;

e H(s): Ham truyén cam bién nhiét do;
b1=1.6266(1—e 1/3480)
b = o~T/3480
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e [sh: Bit;

e v dién ap volt;

Trén co s& cac tham sd vira xac dinh (3), tién
hanh xay dwng so d6 ctia hé trén mién s6 khi bo
qua tac dong ctia nhiéu xem Hinh 6.

Mf(z
Gii) "
Bo diéu khién dy bao bl=1 5260 - &%)
hoo g
R(z) + El) Yd(z)
— 0.0104Ky + Gelz) ,
Bo dibu knién

Boi twng diéu khién

Hinh 6. Sor d khéi trén mién s6 hé diéu khién
nhiét do
Trong do:
e  Yd(z): Tin hiéu dau ra trén mién s6;
Md(z): Tin hiéu diéu khién;
E(z): Sai 1éch diéu khién;
R(z): Mong muén diéu khién;
Mf{z): Tin hiéu diéu khién dy bao;
Gc(z): Bo diéu khién PID s6;
Gf(z): BO diéu khién dw bao;

2.1. Bé diéu khién PID s¢

Trong bai bio nay, bd diéu khién dwogc lwa
chon cho d6i twong la bo diéu khién cong nghiép
PID (ty lé, tich phan, vi phan), viéc xac dinh cac
tham sd bd diéu khién PID s c¢é ciu tric trén
Hinh 7 cho hé gia nhiét dwgc xac dinh
(N.D.Khoat, 2008):

Trong do:

¢ R(z): Mong mudn diéu khién;

e  M(z): Tin hiéu diéu khién;

e (Cm(z): gia tri thuc cia doi twong diéu
khién;

e Kp: Tham s6 b diéu khién ty 1€;
e Ki: Tham s6 bd diéu khién tich phan;
e Kd: Tham s bd diéu khién vi phan;
e T: Chukyldy mau
M(z2) T(z+1) z—1
—Z =K, + K, +
EGz) P T2z-1 "% Tz
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M(z)  Qoz®+Q1z+Q,

E(z) z(z—1)
Véi:
KT | K KT
Q=Kp+—-+=501=-Ky+—-—
Ka', n _Ka
275 Q2=
Vay:
22+ Qiz +
M) _ 01z +0Q; E(2) )

z(z—1)

DE€ cu thé hda tin hiéu diéu khién s6 trén may
tinh hodc vi diéu khién, cong thirc (4) dwoc xay
dwng lai trén mién thoi gian c6 dang:

z2M(z) — zM(2) = (Qoz* + Q12 + Q2)E(2)
M(z) —z7IM(2) = QuE(z) + Qz 1E(z) +
Q227%E(2)

m(k) —m(k —1) = Qpe(k) + Q;e(k — 1) +
Qze(k —2)

m(k) = m(k —1) + Que(k) + Q;e(k — 1) +
Qze(k —2) (5)

B diéu khién PID s&

e
= =
C (z)

Hinh 7. So d6 bd diéu khién PID s6

R(z) Yd(z)
e 00104k, + E(z) On(z:ifﬂn) Md(z) z(zTUZJ

Pl Bbi turgng diéu khién
Q

s Y,
QD

R(z) Yd(z)
0.0104Kay — E(z) Z% balz) kJzi

Hinh 8. So d6 hé diéu khién lo nhiét trén
mién s khi loai b6 diém cwc va diém khong

Tir (5) bo diéu khién can thuwc hién trong may
tinh s8 hodc vi diéu khién c6 phwong trinh nhw
sau:

m(k) =m(k — 1) + Qpe(k) + Qre(k— 1) +
Qze(k —2)

e(k) =r(k) — cm(k) (6)

Véi yéu ciu ky thuat cia bai toan diéu khién
nhiét d6 theo dwong dac tinh ky thuat, bd diéu
khién PD dwoc st dung trong bai bao nay

Voi:

Ge(z) = —QOZZ_JrlQl (7)
_ 1 __ z(z—-b2)
Gr(2) = BoGpH(z) bl (8

T (7) va (8) dé ddm bao yéu cau cua bai todn
dit ra 12 sai 1éch bang khong & ché do xac 1ap va
dd qua diéu chinh bang khong thi can loai bo
diém cuc va diém khéng ctia hé trong hé. Khi dé
so do khoi hé diéu khién trén mién s6 dwoc bién
déi thanh (Hinh 8) véi:

Qob1
Yd(z) z(z—1)
= 0.0104Kyy —F/——5——
R(2) N _Qobl
z(z—1)
Qob1
= 0.0104K,
AN Qb1 +z(z — 1)
0.0104K,y 222
=V AN 705
4(z)
Trong dé:

A(z) = z2 — z + Qub1;
z2 — 7+ Qobl = z?> — 2az + a?
a=05

Qobl = a? 0, = %25
1=2a -0 by (9)
Q1 = —b2Qo Q= —0.252—2

1

Ttr (9) bd diéu khién sé trén may tinh (vi diéu
khién ) dwoc xac dinh Hinh 9.

PR(7) 0.0104K, Rd(=z)] T+
-

Valr) |

My tinh sé

Hinh 9. B6 diéu khién trén mdy tinh s6
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2.2 Lwu do thudt todn va chwong trinh

Cn= gid tri bé bién doi ADC (dong, 4p)

Rat div

o=+ Qoco+ Qrer + Qzcz

m1=0; el=0; e2=0 s

kT< thévi gian
dk mong mudn

Hinh 10. Lwu do thudt todn chwong trinh chinh Hinh 11. Lwu do thudt todn chwong trinh con
Lwu d6 thuat toan PID s nhing trong may me(k) = my(k —1) + Qpe(k) + Qre(k — 1)
tinh s6 (vi diéu khién) dwoc xay dung, véi cac e(k) = r,(k) — 4 (k)
tham s6 diéu khién dwoc xac dinh nhw sau: B
11 (k) = 0.0104K,y7 (k) mq (k) =me (k) +my (k)

1 b2
mg(k) = —~1q(k +2) ——rq(k +1)
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3. Chwong trinh trén Simulink

)1 -

Seopet

.

1

Etep

st Db - M
Dac i d + L] il gumi )
i KmiAN am . Bum D KNA Saturation Transpok | phiet S
Delay
-K-}q km

Cam bien vakhuech dai

Ratard 2T
Hinh 12. Mé phdng hé diéu khién 16 nhiét trén Matlab Simulink

=]

~ Mhigt dd

- Mhigt A5 d5t

Hinh 13. Két qud mé phdng hé diéu khién 16 nhiét trén Matlab Simulink
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4.Kétluan

Bai bao da trinh bay chi

tiét cac bwédc cling nhw thuit toan,
chwong trinh va két qud md phdong trén
Matlab cho bai toan xay dwng bé diéu khién
PID s6 trong céng nghiép qua mot vi du st
dung bé diéu khién ty 1é tich phin cho doi
twong 10 gia nhiét. Thuit todn nay cé thé
dwoc str dung dé cai dit va lap trinh cho cac
b6 diéu khién logic kha trinh (PLC), vi diéu
khién dé dwa vao &ng dung trong thuc té san
Xuat.
Tai liéu tham khao
Farid Golnaraghi, Benjamin C. Kuo, Automatic

Control Systems, John Wiley & Sons Ltd.
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Chi-Tsong Chen (1993), Analog and Digital
Control System Design: Transfer-Function,
State-Space, and Algebraic Methods, Saunders
College Publishing/Harcourt Brace.

Nguyén Dirc Khoat (2008), Bai giang diéu khién
sO.

Nguyén Dirc Khoat (2012), Xdy dung va mé phdng
bé diéu khién da thirc s6 cho doi tuwong mdy
cdn thép trong cong nghiép, Tap chi Khoa hoc
ky thudt Mé- Dia chdt, 29-33.

Nguyén Dtrc Khoat (2012), Xdy dung va mé
phéng bé diéu khién sé cho déi twong 10
nhiét trong céng nghiép luyén kim, Tap chi
Co khi, 51-57, 2012.
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In this paper, we consider a decision support system for small hydropower
systems with the implementation of more advanced rescheduling, control
and forcasting in small hydroelectric system Therefore, a mathematical
model is developed. Particularly, this model uses real-time information of
dams. The main objective is to maximize economic value over the time
horizon by producing electricity when it is most valuable. An approach of
simulated annealing algorithm is used to solve this model.
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1. Introduction

Since the early 1970s, decision support systems
(DSS) technology and applications have evolved
significantly. Many technological and
organizational developments have made an impact
on this evolution. Initially, DSSs possessed limited
database, modeling and wuser interface
functionality, but technological innovations
enabled the development of more powerful DSS
functionality (J. P. Shim, 2002). DSSs are, in fact,
computer technology solutions that can be used to
support complex decision making and problem
solving. Decision making is the study of how
decisions are actually taken, and how they can be
better, or more successfully taken (B. Roy, 1993).

In a DSS decision-making process (Figure 1),
once the problem is recognized, it is defined in
terms that facilitate the creation actors and of the
concerned entities, the definition of the decision
horizon, of the parameters and the constraints, and
also the criteria formalization. The resolution stage
imposes a choice of an exact or a heuristic
algorithmic approach. A set of decision proposals is
then established through the interpretation

stage and presented to the concerned actors.
The final implementation stage consists in
applying the operational decisions, supervising
their impacts, taking corrective actions, and
validating the decisions. Carlsson and Turban in (C.
Carlsson, 2002) state that modern support
systems research is focused on the theory and
application of intelligent systems, and soft
computing in management. This includes
processes of problem solving, planning, and
decision making. The context for this research
ranges from strategic management, business
process re-engineering, effective collaboration,
improved user-computer interfaces, and mobile
and electronic commerce to production,
marketing, and financial management. The
methodologies that are used may be analysis or
system-oriented, action research or case-based, or
they may be experimentally or empirically focused.
An emerging common denominator for many field
studies, favored in DSS, is the design and use of
intelligent (expert systems, multi-agent systems,

194
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o
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= Decision [« Solution =
=

Interpretation

Figure 1. DSS decision-making process

etc.) and/or soft computing systems (evolutionary
algorithms, fuzzy logic, etc.). Moreover, in the
architectures of DSSs, the complexity reduction
tools should not curb the combinatorial
capabilities of the system (I. A. Meystel, 2001). For
instance, when dealing with a DSS, such as on
production scheduling systems (PSS), the
modeling approaches and the resolution tools are
based on the study and the analysis of concrete
cases coming from real problems. Hence, we
consider the combined task which includes
“satisfaction needs cooperation needs
computational complexity reduction,” as the major
capability of such a DSS.

In order to validate the choice of an agent-based
approach for the real time management of small
hydropower systems, it is necessary to grasp the
characteristics of such an approach. For this
reason, we start by defining agents as conceptual
entities that perceive and act in a proactive, or
reactive manner within an environment where
other agents exist and interact with each other
based on shared knowledge of communication and
representation. A multi-agent system (MAS) can
then be defined as a loosely coupled network of
problem solvers interacting to solve problems that
are beyond their individual capabilities or
knowledge. MASs constitute a powerful tool for
handling open, complex, and distributed systems
since they offer modularity and abstraction.
Accordingly, an agent-based approach seems the
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most appropriate for studying the real-time
control of the static economic dispatch problem
and the dynamic economic dispatch problem
within small hydropower systems. In fact, dispatch
problems typically consider the minimum and
maximum output constraints of each available unit
as well as their engineering characteristics, such as
head, release and efficiency characteristics and
therefore, require a set of interacting distributed
entities. That is, the MADSS has to optimize the
different regulation criteria since it can have a
more global view on the dams than the regulator.
The present MADSS for small hydropower systems
consists of the following two modules:

The supervision module, responsible for the
supervision of the creation of databases on the
dams and also for continuous updating of the
geological, survey, and technological data;

The regulation module, responsible for the
disturbance analysis and the generation of the
appropriate rescheduling measures. It is
composed of the agents INCIDENT, ZONEPERT,
and ZONEREG. The agents of the two modules
communicate with each other in order to
cooperate in the real-time treatment of the
different incidents (Figure 2). The regulation
module has a hierarchical organization with
horizontal and vertical communication.

Geological

INCIDENT

\

A

FONEGREG

Survey Technological

ZONEPERT

Regulation module Supervision module

Figure 2. MADSS modules and agents

The roles of the agents will be explained in
Sections 2-3-4-5, then some conclusions are finally
shown in Section 6, 7.

2. Agent Model

Agents constitute the basic entities of a MAS.
They have a specific model that allows them to be

autonomous and have their own reasoning mode.
As shown in Figure 3, this agent model contains a
knowledge base, a base of strategies and modules
of communication, as well as, reasoning and
control. Hence, in order to define its behavior and
be able to exchange information with the others
and the environment, an agent has the following:

— Knowledge base that contains all the
information and data concerning the agent
itself and the others;

— Base of strategies used by the agent in its
reasoning; communication module that is
responsible for the messages exchange;

— Reasoning module that defines and
complements the methods which allow the
agent to make decisions concerning the task
to perform. This module uses the data given
by the knowledge and strategies modules.

— A control module that ensures the cohesion in
the agent by the management of the internal
tasks. It activates the internal modules and
undertakes an updating of the knowledge
according to the evolution of the agent and the

environment.
Strategies Reasoning 4 Knowledge
Control

Communication l

.
E g8 === |

Figure 3. Agent model

3. Supervision Module

This module controls the theoretical schedules
by a time space representation of the network. It
operates in normal and disturbed conditions. It
includes the agents of type Geological, Survey and
Technological.
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Agent Geological: These agents intend for
the storage of primary geological information and
integration of the data. The primary geological
information includes core-sample data on bed
intersections and intersections of weather
forecast, obtained from geological rifts and
trenches.

Agent Survey: These agents represent
information from performance monitoring
module.

Agent Technological: These agents intend for
the storage of information on the technical
potential of the dams, the parameters of all the
technological systems used in the dams or
considered as options at the design stage.

4. Regulation Module

This module contains the agents INCIDENT,
ZONEPERT, and ZONEREG. It operates in
disturbed conditions. It is responsible for the
identification, analysis, and resolution of the
incidents. This rescheduling process needs several
simulations in order to forecast the impact of the
incidents and the regulation decisions on the dams.
The MADSS regulation module has in fact, a
hierarchical organization that can be considered as
an expert community where each agent is
specialized for performing a particular task and the
solutions are constructed through a mutual
adjustment.

a) Agent Incident: An agent Survey, associated
to, creates, at, an agent INCIDENT when a
disturbance caused by appears. Being responsible
for the considered disturbance, this agent first
identifies its characteristics (disturbed, stop, delay,
cause, etc.). Then, it creates an agent ZONEPERT
for the analysis and the first-level regulation of the
incident. According to the importance of the
disturbance, INCIDENT can decide to create an
agent ZONEREG that will generate several possible
rescheduling solutions through a simulated
annealing (SA) approach. This agent has then a
coordination role in the rescheduling process.
These agents propose the relevant final
rescheduling measures to the regulator.

b) Agent Zonepert: This agent has a diagnosis
role. Itis responsible for the gathering and analysis
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of the information related to the space-time zone
affected by the disturbance. In order to control the
evolution of the disturbances, it is necessary to
define first the space-time limits of the search
space. That is, a space-time horizon has to be
identified by defining the set of hydropower units
affected by the disturbance and the rescheduling
measures, according to the real state of the dams.
Moreover, since the disturbance evolves according
to time and space, the considered horizon has to be
adapted to the real changing conditions of the
dams. It has then to be a dynamic space-time
horizon or window. The schedules that are
situated beyond this horizon should be equal to the
theoretical ones. Consequently, the starting and
ending points of hydropower units in systems have
to be respected. It cooperates therefore, with a
society of agents Geological and Technological,
called ZonePert representing the horizon.

Moreover, ZONEPERT generates, at a first
strategic level, some regulation decisions through
arule-based approach that describes the nature of
the rescheduling measures adapted to the type of
the incident.

c) Agent ZONEREG: This agent is created by
INCIDENT. It operates by an anytime evolutionary
regulation approach that takes into account the
several rescheduling criteria and the solutions
proposed by ZONEPERT. Through a comparison
between the situations before and after regulation,
ZONEREG considers the regularity that have been
previously stated.

This agent considers the present decision-
making problem as a dynamic economic dispatch
problem which is a mathematical optimization
problem which can identify how to optimally
manage one or more hydropower units over a
specified time horizon. The time horizon
considered might consist of a day (24-hours), a
week (168-hours) or some other period. In fact, it
is characterized with an important number of
variables, a multi-objective, and nonlinear
objective function and discrete variables.

5. The Dynamic Economic Dispatch Problem

The hydropower plant operator is faced with a
challenging dynamic optimization problem. Given
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the amount of water available for release and the
anticipated price of electricity over a particular
time horizon (T), the plant operator must decide
how much water to release for generation in each
period (t) in order to maximize the economic value
of the electricity produced. Typically, the total
amount of water available for release (Q) over the
planning horizon is fixed and known. The vector of
prices (P) over the planning horizon (T) is
assumed or anticipated, based on prior experience
and knowledge.

In general, the optimal dynamic dispatch
problem can be written in mathematical notation
as shown in equations (1) through (4).

T
Maximize > PRoga (1)
1
Subject to:
T
2.6,<Q @)
1
Qmin < O < Omax vt € {lT} (3)
gmin < g( < gmax vt S {1T} (4)

Where:

Pe: Price ($/MWh) at time (t)

g generation (MW) at time (t)

qe: release at time (t)

Q: total release

gmax: Maximum release

gmin: Minimum release

8max: Maximum generation level

gmin: Minimum generation level

T: planning horizon

In practice, the operator attempts to maximize
economic value over the time horizon by
producing electricity when it is most valuable.
While doing so, we cannot exceed the amount of
water available for release over the time horizon
(equation 2), must respect the minimum and
maximum release levels (equation 3), must
respect the minimum and maximum generation
levels (equation 4).

This problem falls into the class of
mathematical problems known as constrained
optimization problems. Depending on the nature
of the generation and head relationships, the
problem may be highly nonlinear.
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6. Simulated annealing algorithms (SA)

As one of the widely used heuristic approaches
(including genetic algorithm and local search) to
solve  combinatorial  problems, simulated
annealing (SA) can produce a good though not
necessarily global optimal solution within a
reasonable computing time. Simulated annealing is
a Monte Carlo simulation-based search algorithm.
The term “simulated annealing” is derived from a
process of heating and then cooling a substance
slowly to finally arrive at the solid state. In this
simulation, a minimum of the cost function
corresponds to this ground state of the substance.
The whole search algorithm simply mimics the
physical process as below. In the early stages of the
execution, the temperature is high, which results in
a higher probability for jumping to occur more
frequently. In this case, the frequent jumping,
which occurs as a way of avoiding local minima,
may produce a higher probability of a poor
solution. In another way, simulated annealing
selects the next point randomly. If a lower cost
solution is found, it is selected. If a higher cost
solution is found, it has a nonzero selection
probability. The function that governs the
behaviour of the acceptance probability is called
the cooling schedule. As the execution time elapses,
the temperature decreases, and the cooling
schedule reduces the frequency of jumping.

The simulation process terminates after a
number of successive executions with no
improvements, and returns the best solution
found. The following code provides an illustration
of the SA algorithm in pseudo-code (Eglese, et al.,
1990):

Select an initial state iesS

Select an initial temperature T >0

Set temperature change counter t=0

Repeat

Setrepetition counter (number of iterations to
be performed at each temperature)

Repeat

Generate state j

aneighbour of i
Calculate 9= T(D -1
If 5=0 then i=j
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Else ifrandom (0, 1) < exp(-5/T) then i= j

n+=1

Until "=N®

t+=1

T=T(t)

Until stopping criteria is true.

As can be seen, the annealing schedule consists
of:
the initial value of: T
a cooling functions
the number of iterations N(t) to be
performed at each temperature
a stopping criterion to terminate the
algorithm.

In SA, the algorithm attempts to avoid
entrapment in a local optimum by sometimes
accepting a neighborhood movement, which
increases the value of the objective function. The
acceptance or rejection of an uphill move is
determined by a sequence of random numbers, but

with a controlled probability. The probability of

accepting a move, which causes an increase Sin f

is called the acceptance function and is normally

set to ®P9/T) where T is a control parameter,
which is analogous to temperate in a physical
annealing.

In this paper, for the model describe in section
5, the algorithm was coded in Visual C# 2017 and
implemented on an Intel(R) Core (TM) i7-4790
with 3.6GHz CPU.

6.1. Simulation results

Consider a small hydropower system at Lang
Son in Vietnam (Figure 4)
Factory name: Thac Petrol Hydroelectric
Plant
Location: Hung Viet Commune, Trang Dinh
Dist, T. Lang Son
Name of the river: Bac Giang
Factory type: After the dam
Number of units: 02
Capacity: 20MW
Useful reservoir capacity: 13.91 million m3
Basin area: 2660 km2
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Figure 4. Location of the sampling sites

The application of the solution given by our SA
is illustrated in Figure 5.

ik 03 theo 68 dang chly shh ey iy o Thbc Xing

o g

e nON iy
Y= -
RO '~

Figure 5. Decision support system tool in Thac xang

The results of using the SA algorithm for the
problem (1) applied in Thac xang hydropower
have brought high economic efficiency compared
to before use the application of decision support
tools Figure 6, Figure 7.

Thac xang hydropower plant mean daily hyeto-
hydrograph
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Figure 6. Daily hyeto-hydrograph in Thac xang
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Cumulative curve
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Figure 7. Cumulative curve in 3 years
7. Conclusion

In our paper, we present a decision support
system for small hydropower systems that provide
hydro power equipment operator with
information required to optimize dams
performance in terms of power efficiency and
effectiveness.

The efficiency of the DSS tool was tested using a
real numerical example. As perspective of this
research work need in the comparison and the
combination with other methods, develop other
control strategies.
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object are determined based on the principle of integrating one or two
layers from the acceleration. That causes cumulative errors in the results
to increase rapidly over time due to noise of sensors. Therefore, noise is a
big issue in control systems. Theories and experiments have proved that
noise filter is a solution to solve the issue. Kalman filter is the most common
filter which is suitable to reduce sensor noise problem. This paper
introduces the process of designing a Kalman filter to improve the
accuracy of MPU6050 data which is used to determine motion trajectory
and position of a solar tracking system. Quality of unfiltered data, filtered

data and the simulation, testing results will be detailed in the article.

Copyright © 2021 Hanoi University of Mining and Geology. All rights reserved.

1. Introduction

The gradual depletion of fossil fuels (oil, coal,
..) and the disasters that hydropower and
nuclear power hide are driving the global energy
trend towards renewable energy sources. And
there, the supply from solar energy is a big part
(Nadarajah et al 2016). Photovoltaic cells are
used to convert energy from sunlight into
electrical energy. They are integrated called
solar panels. The efficiency is the highest when
the surface of the panel and the direction of light
form a certain angle (Frank Dimroth et al 2007).
Due to the relative displacement of the earth and
the sun, in each region of the earth, at each time
of the year, the sun's orbit is different (Sidek et al
2014). Therefore, tracking systems are used to
drive the solar panels to the position of the best
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light source in real time. With these tracking
systems, the efficiency can be improved by 20-
30% compared to fixing systems (J.Rizk et al
2008 and K.Tseng et al 2019). The solar tracking
system has two types: track on one axis and track
on two axes.

With a moving mechanical system, tracking
and monitoring requirements are indispensable.
That contributes to ensure the system works
correctly and efficiently. The most importance
parameter of the system is the position
(orientation) of the panel. This information and
the direction of the light is the basis for tracking
control (East-West rotating).

In this study, the authors employ a widely
used and low-cost sensor to determine the
position for one-axis solar tracking system. It is
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an integrated sensor that includes a gyroscope
and 3-axis accelerometer. The 3-axis
accelerometer is a type of sensor specialized in
determining position systems for moving objects
in space. Due to its very high mechanical
sensitivity, its measurement signal have a lot of
noise. A Kalman filter is used to accurately
determine measurement and control results. The
processing, data filtering and results are
presented in detail in the following sections.

2.MPU6050 sensor in solar tracking system

The sensor MPU6050 is proposed in this
study. This is a low-cost sensor, which is widely
used in applications to determine the position of
objects in space. The sensor is integrated on the
blue board (Figure 24). This board can
communicate with a controller via 12C
communication standard by SCL and SDA pins. It
is equipped with a gyro measuring angular
velocity around 3 axes, and an accelerometer
measuring linear acceleration in the same axes
(InvenSense Inc 2013).

L]
<
o
g
0
s
%
vce 3-5Vdcin
GND Ground
SCL, SDA 12C Bus interface
XDA, XCL 12C Bus for external sensor
ADD 12C Slave Address (High/Low)
INT Interrupt digital output

Figure 35. MPU 6050 board (module)

The measurements are placed on the test
solar tracking system as indicated in Figure 36.
The sensor is fixed on the rotating shaft (driven
by motor), which rotates the solar panel to an
angle according to the direction of sunlight.
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where the sensor
is located

Figure 36. The MPU6050 sensor is fixed on the
test solar tracking system

2.1. The gyroscope

Gyro works based on the direction of gravity and
the earth’s magnetic field. It is the natural sensor
to use for estimating an angle (as it measures the
derivative of an angle). It has some problems.
The gyro measurements can give us angles
relative to initial orientation, then we can simply
calculate the angular velocity. In many
applications, we are interested in the absolute
angle of the object, such as knowing if the object
is standing straight up or not. In addition, the
sensor has bias errors, meaning that the angle
estimate will drift. Experients showed that any
bias in the angular velocity measurement will
lead to a growing error in the angle estimate
(Lund university 2018). In this application, the
tracking system only rotates in one axis.
Consequently, we are only interested in
rotations around the x-axis (rotations in the y-z
plane) and thus only use one of the gyro
measurements .
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2.2. The accelerometer

The accelerometer might seem unrelated to
the orientation of the device, as it measures the
three linear accelerations of the object. However,
the acceleration is measured relative to free-fall,
meaning that when the device is kept still, there
should be an acceleration of magnitude

/a,zc +a%+a2=98m/s®>. The way this

magnitude is distributed on the three body-fixed
accelerations ax(t), a,(t) and a,(t) will give us
information about the absolute orientation. In
practice the tracking system is never completely
still when balancing, because of the effects of
wind on the solar panels. So that, a, and a, will
always contain parts that come from actual
movements, which will influence the computed
angle, i.e., there are noises on the angle estimate.
Another problem is that the accelerometer can
have slant states along with the solar panel,
which will give us a bias in the accelerometer
signal (Lund university 2018).

2.3. Combine accelerometer and gyro to reduce
noise

When the object moves, the gyro gives the
result with a smaller error than the
accelerometer. When the object is stopped, the
value of the gyro is not as stable as the
accelerometer. In applications, that they do not
need high accuracy of measurements, low speed
response and allow large control errors, we often
use a combination of both these sensors. Tests
and experiments show that, the percentages of
two sensors can vary depending on specific
system conditions.

3. Processing data by Kalman filter

3.1. Kalman filter

The Kalman filter was introduced in 1960 by
R.E. Kalman (Kalman 1960). Later, it is re-
introduced by a other documents (Greg Welch et
al 1997; and Simon Haykin 2001). Today, it is
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developed extensively (Youngjoo Kim et al 2018;
and Pham Duy Dwéng 2019) and is incorporated
in many different applications (Haykin 2001; Lé
Ngoc Duy et al 2018; and Trinh Tuidn Dwong
2019).

The Kalman filter uses discrete-time
modeling to estimate the states of a system using
a linear stochastic equation (Kalman 1960):

(1)

In addition, at the time k, it is possible to exactly
measure and observe the state of the system by
some method. It is represented by a linear
equation:

X = Fxp_1 +Buj_q +wi_q

Zy :ka+'l7k

(2)

Here: F is the transition matrix, it is applied to
the previous state xk.1; B is the input control
matrix, it is applied to the control vector uy; H is
the observation matrix, it converts the measured
state into the observed state; wx and vy are two
random variable vectors representing the
system noise and the measurement noise, they
were assumed to follow Gauss distribution with
mean value is 0 and covariance matrices are Q
and R ( Wk ~ N(O,Qk) y Vk ~ N(O,Rk) )

The matrices Q, R, F, H can be changed over
time (according to step k), but here, we assume
that they are constant to make the calculation
more convenient.

The Kalman filter consists of two processes:
1 - estimate prior state; 2 - based on the
measurement results to correct the prediction.

Estimate prior state

Estimate prior state is the process for
estimating a prior state value and a prior
covariance matrix. We must first initialize the
initial value of the estimated posterior state
Xk—1jk » and error correlation matrix Piix. The
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process of predicting the prior state and prior
covariance matrix is determined as follows:

3)
(4)

Here: Xy ;_1 is the prior state estimated at time

Xijk—1 = FXp—q)1 + Buy

Pejk—1 = FPe_q i FT +Q

K; X)_1)x is the posterior state estimated at time
k-1; Pik1 is the prior error correlation matrix;
and Piqx is the posterior error correlation
matrix.

Correction of estimate

Correction of estimate is the process based
on the measurement value to correct the prior
estimate, thereby getting the correct posterior
estimate. This result is the output of Kalman
filter. The estimate process is done as follows:

Rk = Tijk—1 + Kie * (zie — H * Zge—1)  (5)
(6)
(7)

Here: Kkis the gain of Kalman filter, it is changed
for each estimate of k and is chosen so that the
correlation of the posterior estimate error is
minimal; [is the unit matrix; Xy, is the estimatex

Ki = Pp—1H" (HPy -1 H™ + R)™!

Py = (I — K H) Pyejie—1

posterior state at time k, and also is the output
value of the Kalman filter.

3.2. Read and pre-process MPU6050’s data

This study uses microcontroller Pic16f1938
to connect and read data from MPU6050 via [2C
communication  (Microchip  2011). This
microcontroller is also the center process unit
(CPU) to control the tracking system. The
selected MPU6050 address is the high address
(InvenSense Inc 2013). Because of the track
system is particularly rotate around one-axis, so
the x-axis is select and the system move in y-z
plane. Data is pre-processed by combining the
measurement data of Gyro and Accelerometer at
the respective rate of 80%-20%. This ratio gives
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the smallest amplitude of variation of the
measurement result (when not using the Kalman
algorithm, it was determined by experiment). In
which, the Gyro is error-corrected by the bias
determined from the initial 1000 measurements
performed when the MPU is stability. The final
result is the average of 50 consecutive results. In
addition, after a certain period, the MPU is soft
reset and reconfigured to increase the stability of
the sensor, and to reduce measurement errors.
This processing algorithm is depicted in Figure
37.

The data is recorded by the CPU and sent to
computer. The system is tested in three different
modes: When the system is stable at a certain
angle; When the system moves from small angle
to large angle; and When the system moves from
a large angle to a small angle. The measurement
results show that the data still has errors and
oscillation (Figure 38).

Init, config MPU

v

Determine
Gyro_offset

]

| _Time to
reset

_| Time toread
data

Get Gyro_Angle

Get Accel_Angle

| Sum=Sum + 0.8Gyro + 0.2Accel |

v

Y

— Count=50
4

| Angle=Sum/50 |

Count=0, Sum=0
4

Figure 37. Algorithm for reading and pre-
processing MPU6050’s data

A
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Figure 38. Pre-processed data graph is plotted
by Matlab2013
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The characteristics in Figure 4 indicate that,
even though, the measured value has been
processed to reduce noise by combining multiple
methods (summarizing the results of the gyro
and accelerometer, averaging of multiple
results). However, the results are still
misleading. The noise still appears, sometimes
there are some large noises that make big falses

in the overall results. When the system is stable
at an angle, the measurement results oscillate
around the stable corner point (Figure 38a).
When the system moves from a small angle to a
large angle, the measurement results have
increased trend, but lower (smaller) than
desired (Figure 38b). When the system moves
from a large angle to a small angle, the
measurement results have also increased trend,
but slower (larger) than desired (Figure 38c).
From that reason, The authors have continued to
use the Kalman filter towards better stability.

3.3. Kalman filter for data and result

Pre-processing data based on proportional
sum of gyro and accelerometer measurement
results did not meet the requirements.
Therefore, these data are used to build Kalman
filtker on Matlab2013 software. The filter
construction process is depicted in Figure 39.

v

Init parameters
for system

v

Create Kalman filter
parameters

True(i)
GyroMeasure(i)
AccelMeasure(i)

Plot graphs

Kalman filter:
uk = gyroMeask1;
zk = accelMeask1;

of data
xk1Minus = phi * xk + psi * uk;
pk1Minus = phi * pk * phi' +0;
S=H*pklMinus *H' + R;
K = pk1Minus * H' + inv(S);
xk1 = xk1Minus + K*(zk - H*xk1Minus);
pk1 = (eye(2,2) - K*H)*pk1Minus;

—

Figure 39. Building Kalman filter on Matlab

The processing of building Kalman filter had
selected R = 0.01, the matrices Q = [0.00001 0 0



&

2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

0]; and H [0.8 0]. Following that, the
characteristic that describes the data after
filtering is the blue line. It follows the desired
characteristic (the green line) and has a much
smaller error than the pre-processing data (the
red line) (Figure 40).

90

True Angle
Comp Filter
Kalman Filter

80 100 120 140 160 180 200
Time (sec)

True Angle
Comp Filter
Kalman Filter

Angle (deg)

L L L L L
100 120 140 160 180 200
wwwwwwww

L
80

system. Experiments show that, the allowable
limits can be up to +-2 degrees, which is the error
value of mechanical system. The code segment
describing Kalman filter in the Pic16f1938
microcontroller is shown in Figure 41.

float32 Kalman(float32 newAngle, float32
newRate)
{

//angle = X_Raw_Gyro_Angle;

rate = newRate - bias;

angle += dt * rate;

P 00 +=dt* (dt*P_11-P_10-P_01 +
Q_angle);

P_01-=dt*P_11;

P_10-=dt*P_11;

P_11 += Q_bias * dt;

S=P_00 + R_measure;

K0=P_00/S;

K1=P_10/S;

y = newAngle - angle;

angle +=K 0 *y;

bias +=K_1 *y;

P_00-=K_0*P_00;

P 01-=K 0*P_01;

P_10-=K_1*P_00;

P 11-=K 1*P_01;

}

True Angle
Comp Filter ]
Kalman Filter

Angle (deg)

100 120 140 160 180 200
Time (sec)

60 80

Figure 40. Data graph with Kalman filter

From the designed Kalman filter in Matlab,
the selected coefficients and filters have been set
on the Pic microcontroller (CPU). Testing results
for good response, stable measurement
parameters. System control error is +-1 degree,
within the allowable limits of the solar tracking
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Figure 41. Kalman code in CPU Pic16f1938

4., Conclusion

This paper presents the method and process
of building Kalman filter applied to MPU6050
sensor data processing in 1-axis solar tracking
test system. Simulation and testing results have
demonstrated the quality of the designed
Kalman filter. Responses and errors are
completely within the allowable limits of the test
system. The test results also show that, even with
systems that do not need high accuracy, and
quick respond such as solar tracking systems,
the measurement data of the accelerometer is
still unstable. Therefore, the use of filtering
solutions to remove noise is unavoidable. And
the final optimal solution is still to use the
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Kalman filter algorithm. This research is done on
a small model, under test conditions. With actual
solar farms, the sources of noisy may be more
and stronger, so in order to use the MPU6050
sensor, the filter parameters may have to be
adjusted to be more suitable.
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Nghién ciru s6 vé kha nang cach nhiét cia buéng ctru sinh mé
c6 két cau Oc xit nhom x6p

Tran Ngoc Minh 1%, Tran Dtrc Huan 2, Nguyén Qudc Viét !

1Vién Co khi Ndng lwong va mé- Vinacomin
2 Trwong Pai hoc M6 - Pia chdt

THONG TIN BAI BAO TOM TAT

g;‘l‘f ”é(”."n 06/2021 Néi dung bai bdo trinh bay co sé Iy thuyét vé truyén ddn nhiét, xdc dinh gid
an bai 17/06/ tri thoi gian va nhiét do 16n nhdt tdc dung 1én budng ciu sinh mé. Néu

Chap nhan 17/7/2021 phuwong phdp tinh todn xdc dinh nhiét d6, quy ludt bién héa nhiét do clia mé

bang online 19/12/2021 hinh budng ctru sinh mé theo mau KJYF-96/12 do Trung Quéc sdn xudt va

To khéa: mé hinh budng ctru sinh mé két cdu oc xit nhém x6p. Két qud nghién ctru da

budng ctru sinh; cich
nhiét; 6c xit nhom x8p

xdc dinh dwoc cdc vi tri ¢6 nhiét dd cao nhdt ctia hai mé hinh budng civu sinh

2 N\ w N . A ’ ~ Ve 7z \ A - A7 PAY ~ A AN
ma nay. Pong thoi, nghién ciru dd tinh todn va xdy dung biéu do thé hién moi
quan hé gitra thoi gian va nhiét do tai bé mdt bén trong, bén mdt bén ngoai

ctia hai mé hinh buéng ctru sinh mé nay.

© 2021 Trwong Dai hoc M6 - Pia chdt. Tdt cd cdc quyén dwoc bdo ddam.

1. M¢é dau

Nganh cong nghiép khai thic moé ham 1o c6
tinh nguy hiém cao, chiu dnh hwéng rat nhiéu cta
cac yéu to khong an toan nhw: Iira, khi ddc, buc
nudc, sap 1o... Vivay, nang cao tinh an toan cta khai
thdc moé ham 10 13 mot van dé cip bach can dwoc
giai quyét. O cac nwéc ¢ nganh cong nghiép khai
mo phat trién trén thé giéi nhw My, Nga, Uc, Trung
Quoc... kha nang cich nhiét ciia budng ctru sinh da
dwoc nghién ctru va thu dwgc két qua nhat dinh.
Tuy nhién cho dén nay, cac nghién ctru chi tip
trung thiét ké bubng ctru sinh c6 két cdu hoan toan
bang thép. Chung toi da loi dung cac dic tinh tdt cla
oc xit nhom x6p nhw kha nang cach nhiét tot hon
thép, trong lwong nhe va chi tiét c6 d6 clrng cao hon
thép khi c6 khoi lwong bang nhau dé thiét ké mot
chiing loai buéng ctru sinh c6 két ciu str dung dc xit
nhom x0p. Pong thoi st dung phan mém ANSYS
Workbenck dé tién hanh nghién cu kha nang cach
nhiét ciia budng ctru sinh mo c6 két ciu d¢ xit nhém
x0p. Trong bai bdo nay, chiing t6i dé cip ndi dung
nghién ctru noi trén.
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2. Mot so nét dac trng cia vit liéu 6c¢ xit nhom
x0p va truyén dan nhiét

Oc xit nhém x0p la mot loai hgp kim nhém, c6
két ciu dang nhiéu 16 giéng nhu t6 ong va dang
dwoc nghién ctru phat trién nhanh & cac nuéce trén
thé gi¢i nhu: My, Pirc, Trung Qudc... Loai vét liéu
m&i nay c6 wu diém 1a: khéi lwong riéng nho; cach
am, cach nhiét, cach dién tir t6t; c6 kha nang chiu
luc va hip thu luc tc dong cao. Vi vay loai vat liéu
nay dwoc cac nha khoa hoc rit quan tim nghién
ciru va ng dung rong dai trong cac nganh cong
nghiép nhu: 6 t6, hang khong, co khi ché tao, kién
trac xay dung.

Hinh thirc truyén nhiét chu yéu cta 6c xit
nhom x6p la nhiét d6i lwu (dong khi ndng vin dong
& cac 16 trong két ciu dang t6 ong), truyén dan
nhiét qua tiép x1dc truc tiép va birc xa nhiét. Két qua
téng hop cta cac hinh thirc truyén nhiét nay tao ra
mot thong sé dac trung cho vat liéu nay 1a hé s6
truyén nhiét. Tuy theo mat do 16 va kich thuéc 16
ctia vat liéu ma hé s6 truyén nhiét sé khac nhau. Hé
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sO truyén nhiét
nhw sau:
}L:}\.g‘l'?\.s'*‘;\.c‘l'?\,r
Trong do:

dwoc hinh thanh tir 4 thanh phan

Ag- Hé s truyén nhiét cia khong khi bén trong 16
As- Hé s6 truyén nhiét clia cac vach 16

Ac- Hé s6 truyén nhiét ctia cac vach 16

M- Hé sd birc xa nhiét

3.M6 hinh va mé phéng

3.1. Xay duwng mé hinh

Trong ky bao phat hanh trudcl2], chung toi da

gidi thiéu vé noi dung thiét ké toi wu hda két ciu
mot mo6 dun budng ciru sinh mo cé két cau 6c xit
nhom x&p dwa trén nguyén mau la budng ctru sinh
di dong KJYF-96/12 do Trung Qudc san xudt, két
ciu va kich thwéc cta hai loai budng ctru sinh nay
da dwoc trinh bay rat ré dang. Nhwng trwére khi tién
hanh phan tich nhiét van cin tién hanh st Iy hai mo
hinh nay. Do m6 dun budng ctru sinh mé c6 két ciu
doi xtirng nén tién hanh chia mo hinh thanh hai nira
bang nhau va chi tién hanh phan tich nhiét d6i voi
mot nira mo6 hinh nhw hinh 1 va hinh 2. Viéc lam
nay khéng lam anh hwéng dén do chinh xac ctia két
qua tinh toan nhung lam giam thoi gian tinh toan,
giam yéu cau vé dung lwong clia mdy tinh va c6 thé
quan satro rang hon tinh trang phan bd nhiét & bén
trong bubng ctru sinh ma.

= \ =

Hinh 1: M6t nt)amé ~ Hinh 2: Mt nika mé
hinh budng ctru sinh ~ hinh budng ctru sinh

mo

mé nguyén  madu
két cdu éc xit nhém
x0p

3.2. Thiét Idp ddc tinh vt liéu va chia mang lwoi
cdc phdn tir

St dung md dun Transient Thermal nam trong
phin mém ANSYS Workbench dé tinh toan phin
tich kha ndng cach nhiét cia buéng cru sinh mo
theo phwong phap phan tir hitu han. Thiét 1ap cac
thong s6 vé khdi lwong riéng, hé s6 truyén nhiét,
nhiét dung riéng va hé sé gian né nhiét cho vatliéu
str dung la Q345R va 6c xit nhom x6p nhw bang 1.
Sau khi thiét 1ap xong dic tinh vatliéu, str dung lénh
Symmetry Region dé tao rang budc déi xirng trén
bé mat cat cho mo hinh 3D nham dam bao d6 chinh
xac khi tinh toan.

Bdng 1: Cdc thdng sé ddc tinh ctia vt liéu

Khéi Hé sb .A X A in
. . luong truyén Nh'?f dung HE so gran
Tén goi N . riéng no nhiét
riéng nhiét 3(kg-K) KL
kg/m®  A/(m-K)
Q345R 7860 50 480 1.2X10°
Oc xit
nhom 540 10 920 20X 10°
XOp

Lwa chon phén t& dang hinh ti dién cho vat
liéu thép Q345R va phan tir dang hinh luc dién cho
vt liéu 6c¢ xit nhom x8p dé chia hai mo hinh thanh
mang lwéi cac phan tir hiru han nhw hinh 3 va hinh
4, M6t niva mé hinh budng ctru sinh mé nguyén ban
duwgc chia thanh 19828 phin tr vdi 36425 tiép
diém. Mot nira m6 hinh budng ciru sinh mo két cau
oc xit nhdm x8p dwoc chia thanh 39152 phin ti&
v6i 107021 tiép diém[3].
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3.3. Thiét Idp diéu kién bién

Két ciu tong thé cua budng ctru sinh moé gom
9 md dun doc 14p lién két véi nhau bang bu 16ng-
dai 6c, gitta cAc mat 13p ghép clia cadc moé dun chi
tiép xdc truc ti€p véi nhau ma khong tiép xuc véi
nhiét do cao nén phai thiét 1ap cach nhiét cho cac
mit 13p ghép ndy. Khe hé& gitra bé mit day cla
budng ctru sinh mé va bé mat nén 1o rat nhé nén
chiu &nh hwdng rit nho cda nhiét doi lwu va nhiét
birc xa, chi xay ra hién twgng truyén nhiét cia vt
liéu trén bé mat nay. Khi phan tich nhiét, gia thuyét
nhiét 6 moi trwong & trong dwong 1o 1a 25°C.

Khi hién twgng né khi mé xay ra, chi trong
khoang thoi gian ngdn 3s sé hinh thanh khdi khi ¢6
nhiét do rat cao, hién twong gidn né nhiét xay ra
lam khoi khi nhiét d6 cao di chuyén véi van tdc cao.
Theo quy pham an toan nganh khai thac mo
AQ2011-11-3 cta Trung Quéc quy dinh, kha nang
khang nhiét d6 xung kich ctia budéng ctru sinh mé
khong nho hon 1200°C trong thoi gian 3s[3,4].
Tinh dén tinh phuc tap clia dwong 10 trong diéu
kién thuc té, lwa chon thoi gian phan tich nhiét doi
vGi budng ctru sinh mé la 3x2=6s (2 1a hé s6 an
toan). Vi vy thiét 1ap bé mat ngoai ctia bubng ctru
sinh mé (trir bé méat dy) chiu nhiét do bic xa la
1200°C, thoi gian tic dung la 6s. Bé mat trong cla
budng ctru sinh mo tiép xuc véi khéng khi dwoc
lam mat bang diéu hoa nhiét dd nén dworc thiét 1ap
nhiét d6 1a 22°C, dong thoi thiét 1ap nhiét déi luvu
vGi hé so thay déi nhiétla 5W/(mm2-°C). Thiét 1ap
diéu kién bién ctia hai m6 hinh bu6ng cru sinh mé
dworc thé hién chi tiét theo hinh 5 va hinh 6.

B: Transient Thermal =S
g i —

Transient Thermal

N E: Transient Thermal
~ Transient Thermal

Time: 2e-003 5 Time: 2.6-003 5
2017/3/23 2103 2017/3/23 2134
[ Rediation: 1200, “ @i [ Redistion: 1200, °C, L.
Canvection: 22, * (l8.e-006 Wrm " C. Convection: 22, °C, S.ef nstmm®
[B Rediation 2: 25. " [B Radistion 2: 25.°C, 1.
[BJ Heat Flow: 0. [BJ Hest Flow 0. W
.
i -~ £ =

Hinh 6: Diéu kién bién
ctia md hinh bubéng ctiru
sinh mé két ciu dc xit
nhom x0p

Hinh 5: Diéu kién
bién ctia mé hinh
budng ctru sinh mé
nguyén mau
4.Két qua

4.1. Nhiét dé ctia bubng ciru sinh mé

Phian mém ty dong tinh todn mé hinh budng
ctru sinh mé nguyén mau dé€ dua ra hinh anh nhiét
do6 phan b6 tai cac thoi diém nhat dinh nhw hinh 7
va quy luit bién hda nhiét do theo thoi gian nhw
hinh 8 va hinh 9.

Theo hinh 7 thdy riang, m6 hinh budng ctru
sinh mé nguyén miu cé nhiét do cao nhat la
138,02°C v6i diém xuit hién & mat lap ghép, nhiét
do6 cao nhit ctia vo thép & bé mat ngoai khoang
110°C, nhiét d6 cao nhit cta gan ting cling & bé
mat ngoai la khoang 120~130°C va nhiét do cao
nhit ctia bé mét trong la khoang 70°C. Theo hinh 8
va hinh 9 thiy rang, quy luat bién héa nhiét d6 ctia
bé mait ngoai va bé mat trong bubng ciu sinh
nguyén mau la hoan toan khac nhau. Bé mit trong
c6 tdc do bién hoa cham, tang dan theo thoi gian va
nhiét d6 cao nhat dat 72,979°C. Bé mit trong c6 toc
d0 bién héa nhanh, cling ting dan theo thoi gian va
dat nhiét do cao nhat1a 138,02°C.

B: Transient Thermal
Temperature

Type: Ternperature
Unit: "

Tirne: Le-001
20173723 2107

B: Transient Thermal

Temperature

Type: Temperature

Unit; °C

Time; L4559

2007/3/23 210100
33,775 Max
32202
30,629
29.056
aTasa
25911
24,338
22765
21193

-M 19,62 Min

76.161 Max
69.408
62655
55.002
29,149
12395
35642
28889
22136
15383 Min

(b) 1.5s

B: Transient Thermal

(a) 0.1s

B: Transient Thermal
Temperature

WAL

103,75 Max
9386

9307

7408
64,191
54301
41,411
34521
24632
14742 Min

Type: Ternperature
Unit: °C

Tirme: 50558
1773/23 2113

Time: 6
20017473 2013

136.02 Max
124,38

= 110,73
97.088

126,63 Max
1421

1018
89.391
76979
64566
52.154
914 15.216 Min
kS

14,918 Min

(e) 5s () 6s

Hinh 7: Nhiét do phan bé ctia mé hinh budng
ctru sinh mé nguyén mau
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Hinh 8: Nhiét dj bé mdt ngoai ctia budng ciru
sinh mé nguyén mau

Nhiét do [°¢]

6.
72979
&0,
50.
40.
30.
22,

0. 1 2,

3. 4, 5 6,

Thoi gian [s]

Hinh 9: Nhiér dg bé mat trong cua
buong cuu sinh mo nguyén mau

E: Transient Thermal
Temgeratur:
Types Temperature
Unie*¢

Time: Le-001
WEAT NI

30,401 Max
pIRE]
26
03
51
24463
ns

(a) 0.1s

Time: .28
FLISGERIEH

100.6 Max
m
905
g

11529 Min

(c)3.2s

E Transient Ther mal
Temperature
Type: Temperature
Unie: "¢
Time: 149
EIHERERIBL

69.778 Max

63757

713

SL71

455

47

33653

pitsH

21611

1559 Min

(b) 1.5s

E:Transient Thermal
Ternperature
Types Temperature
Units °¢

Time: §
20174473 2026

14144 Max
12687

123
97.728
93,154
68,583
54011
39.439
24,068
10.296 Min

(d) 3.8s

E: Transient Thermal E: Transient Thermal

T Temperature
] Type: Temperature
ype: Temperature Unit: C
Unit: "¢
Time: 6
Time: 5.08 2007743 20525
LB
14144 Max
125.67 Max 12687
113 1123
100,13 4126
87.256 43154
74385 66,583
61514 54011
864 39,439
iR 14068
2901 10.296 Min
10.03 Min

Hinh 10: Nhiét dé phdn bé ctia mé hinh buéng
cttu sinh mé két cdu éc xit nhoém xép

Theo hinh 10 thdy rang, mo6 hinh budng ctru
sinh mé két ciu 6c xit nhom x0p cb nhiét do cao
nhitla 141,44°C v6i diém xudt hién & bé mat ngoai.
Theo hinh 11 va hinh 12 th4y rang, quy luat bién
héa nhiét do ctia bé mit ngoai va bé mat trong
budng ctru sinh két ciu 6c xit nhém xdp la hoan
toan khac nhau. Bé mat ngoai c6 tdc do bién hoa
nhanh, ting dan theo thoi gian va nhiét do cao nhat
dat 141,44°C. Bé mit trong c6 toc do bién hoa
chim, cling ting dan theo thoi gian va dat nhiét do
cao nhatla 36,104°C. So sanh két qua thu dworc giita
hai loai budng ctru sinh nhan thiy: nhiét d6 & bé
mat bén trong cia budng ctru sinh mao két ciu dc xit
nhom x0p tang tir nhiét d6 méi trweong 22 1én dén
36,104°C va chi bang 50,53% nhiét do bén trong
ctia budng ctru sinh mé nguyén mau.

141.44

125,
100.

75,

Nhiét o [°c]

50.

2794
0. 1. 2, 3. 4, 5. 6,

Thoi gian [s]
Hinh 11: Nhiét dj bé mdt ngodi ctia bubng ctru
sinh mé két cdu éc xit nhém x6p
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B: Transient Thermal B: Transient Thermal

6. Total Heat Flux Total Heat Flux
36.104 Type: Tatal Heat Fluc Type: Total Heat Flux
Unit: W/mm’ Unit: #/rm®
35— Tirne: 5.0959 Time:
017/3/23 2118 20177313 2014
325 0.36623 Max 0.36683 Max
5 = -
0.24415
:3- 30— 120346 333133
s 0.16277
s o
‘E 275 L.oeLie 0081518
0.040632 0.040759
8.4228e-9 Min 9.4586e-9 Min
. (e) 5s (f) 6s
24 . . : : : Hinh 13: Lwu lwgng nhiét phdn bﬁcﬁg mé hinh
1. 2 5. . 5. 6 budng cttu sinh mé nguyén mau
Thoi gian [5]
Hinh 12: Nhiét d6 bé mdt trong ctia budng ctru s
. 3 2 ) N g . ~ Z, A g 036683
sinh mé két cdu 6c xit nhom xop - 035
£
E o335
3
Er 03—
4.2. Lwu lwgng nhiét ctia budng civu sinh mo g” 0215
© 025
Phin mém ty dong tinh toan mo hinh budng é
i . n o N Y 0.225 —
ctru sinh mé nguyén mau dé dwa ra hinh anh luu = o2 ‘ : ‘ : :
. T

lwong nhiét phin bé tai cac thoi diém nhat dinh T
nhw hinh 13 va quy luat bién héa nhiét d6 theo thoi Thoi gian 12

gian nhw hinh 14 va hinh 15 S
Hinh 14: Luu lirong nhiét Ion nhat cua buong

B: Transient Thermal B: Transient Thermal
Total Heat Flux Total Heat Flux , ) [1 , a x
Type: Total Heat Flux Type: Total Heat Flux
ol e cuu sl mo nguyen mau
Time: Le-001 Time: 14559 6.
WU3/232L15 2017/3/23 2116 0.14254
0.25509 Max 0.34895 Max
0.22674 031017 0125 —
0.1984 02714 Fd
0.17006 023263 [3
14072 0.19386 £
01337 015509 - 01—
0095028 0.11632 =
0056686 0077543 =
002383 0038772 e
455547 Min 1286767 Min ,.E 7.5e-2 —
(@) 0.1s (b) 1.5s on
B: Transient Thermal B: Transient Thermal g 5.e-2
Total Heat Flux Total Heat Flux =
Type: Total Heat Flux Type: Total Heat Flux
Unit: Wmm® Units Wmm® E,’ -
Tirne: 3.2550 Tirne: 3.8550 A 2.5e-2
AT/ 2016 2017/3/23 2117
0.36384 Max 0.365 Max
034 032445 0. T T T T T
0.28299 0.26389 1. 2, 3 4, 5, 6.
024256 0.24333
0.20214 0.20278 oo
0.16171 0.16222 Thoi glan [s]
0.12128 0.12167
0080854 0.08L111
0040427 0.040556
2.0602e-8 Min 5.9046e-9 Min

(c)3.2s

(d) 3.8s

Hinh 15: Luru lirong nhiét bé mdt trong cua

bubng ctru sinh mé nguyén mau

Phian mém ty dong tinh todn md hinh budéng
ctru sinh mo két ciu ¢ xit nhom xdp dé€ dwa ra hinh
anh lwu lwong nhiét phin b6 tai cac thoi diém nhat
dinh nhw hinh 16 va quy luat bién héa nhiét do theo
thoi gian nhw hinh 17 va hinh 18.
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E: Transient Thermal
Total Heat Flze

() 0.1s

E: Translent Thesmal
Tot

031584 Max

5.0111e-8 Min

E Transient Thermal
Total Heat Flux

Type: Total Heat Flux
Unit: Wmm®

Time: 50
A1T/3A008

032520 Max
123015

0253

n21688
113072
01257
1.10842
naEeT
D351
7.9034e-8Min <

Tim
2017/3/24 007

0.29905 Max
026562
0.23259
010037
016614
013201
0099663
0066456
0033228
5.6312-7 Min

(b) 155

E Transient Thermal

17/3/240:08

0.31952 Max
0.28402

3.83810-8 Min

(d) 385

E: Transient Thermal
Total Heat Flux

Type: Total Heat Flux
Unit: Wernm?®
Time: §
20113724004

0.32871 Max
029219
0.25566
021814
0.18262
0.14600
0.10857
0.073047
0.036524
1.7715¢-8 Min

®

Hinh 16: Luu lwgng nhiét phdn bé ctia mé hinh
budng ctru sinh mé két cdu dc xit nhom xop

0325371

0.3

t [W/mm?]

&

0.275

=

0.25

Luu hrgng nhi

0.21735

3. 4, 3 6.

Thoi gian sl

Hinh 17: Lwu lwong nhiét bé ngodi ctia budng
ctru sinh mé két cdu éc xit nhém xop
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4.76893e-2

&t [Wfmm?]

=
ra
B
'
a

Luu hrgng nhi

0. 1. 2, 3. 4, 5. 6.
Thoi gian [s]

Hinh 18: Lwu lwong nhiét bé trong ctia budng citu
sinh mé két cdu éc xit nhém x6p

Theo cic hinh md phéng tir hinh s6 13 dén
hinh s6 18 thiy rang: Khi két cAu budng cttu sinh
mo chiu luéng nhiét do 1.200°C trong thoi gian
6s(do n6é khi mé giy ra trong dwong 10) thi lvu
lwong nhiét bé mat ngoai bat dau tir 0.21W/mm?2
dan dan tang lén, lwu lwong nhiét bé méat bén trong
bat dau tir 0 W/mm2 ciing dan dan ting 1én. C4 hai
mé hinh budng ctru sinh déu c6 lwu lwong nhiét
tang 1én cao nhat & thoi diém gidy thir 6. Luu lwong
nhiét bé mat ngoai va bé mat trong cia buéng ctru
sinh mé nguyén mau lan lwot 1a 0.36683W/mm2,
0.14254W/mmz2. Lwu lwong nhiét bé mat ngoai va
bé mét trong ctia buéng ctru sinh mo két ciu 6¢ xit
nhom x6p lan lwot la  0.32871W/mm2,
0.047693W/mm2. So sanh két qua thu dwoc giira
hai loai budng ctru sinh nhan thay: lwu lwgng nhiét
bé mat bén ngoai va bé mét bén trong clia budéng
ctru sinh mo két ciu dc¢ xit nhom xdp giam twong
rng 10.39% va 66.54% so véi leu legng nhiét bé
mat bén ngoai va bé mat bén trong cia budéng ctru
sinh mé. Piéu nay cang chirng minh kha nang cach
nhiét t6t cia budng ctru sinh két cau 6c¢ xit nhom
XOp.
5.Két qua

Khi két cdu budng ctru sinh mo chiu luéng
nhiét d6 1.200°C trong thoi gian 6s thi nhiét dd bén
trong budng ctru sinh mé két ciu 6c xit nhom x6p
chi tang tir 46 moi trwong 22°C 1én dén 36,104°C va
chi bang 50,53% nhiét dd bén trong ctia budng ctru
sinh mé nguyén mau. Mit khac, lwu lwong nhiét bé
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mat bén ngoai va bé mat bén trong ctia budng ctru
sinh mod két cau Oc xit nhdm x0p gidm twong &ng
10.39% va 66.54% so véi leu lwgng nhiét bé mét
bén ngoai va bé mit bén trong cia budng ctru sinh
mo. Buong ctru sinh moé két cu 6¢ xit nhom x8p cd
kha nidng cach nhiét tét hon buéng ctru sinh mé
nguyén mau. Diéu ndy chirng té ring dd an toan clia
budng ctru sinh mé két ciu ¢ xit nhdm x6p dwoc
nang cao ro rét.
Tai liéu tham khao
1. Tran Ngoc Minh, Vu Anh Hoa. M4t s8 van dé ky
thuét khi thiét ké ché tao budng ctru sinh dung
trong mo6 ham 10 trén thé gidi. Tap chi Cong
nghiép Mo, s6 4-2016.

2. Tran Ngoc Minh, Nguyén Duy Chinh. Nghién
ctru t6i wu hoa thiét ké budng ctiru sinh str dung
hop kim nhém bang phin mém ANSYS
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Workbench. Tap chi Cong nghiép Mo, s6 2-
2017.

. Tran Ngoc Minh. Nghién ctru thiét ké va phan

tich tinh nang ctia bubng ctru sinh mo két cdu 6¢
xit nhom x0p. Luan an Tién sj ndm 2017- Pai
hoc Ky thuat Cong trinh Liéu Ninh, Liéu Ninh,
Trung Qudc.

4. AQ2011-11-3. Tidu chuén diéu kién k§ thuat

budng ctru sinh di dong thé clirng trong mo6 ham
10. Trung tAm An toan M6 Trung Qudc, Bic Kinh-
2011.

. Tir Binh, Tham Giai Heng, Vu Anh Hoa.

Thiét ké wu hdéa m6 hinh ¢ xit nhém xdp
b8 xung vao két ciu thung d& tadi nham
gidm chan dong. Tap chi nghién cku va
thiét ké co khi, s6 32- ky 3- 2014.
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Pay manh hoat dong nghién ctru thiét k&, ché tao cic thiét bi
dién phong no6 phuc vu khai thic than ham 1o

TS. D6 Trung Hiéu ©*, ThS. Pham Vin Hiéu 2

1Viégn Co khi Nang lwong va Mo
2 Vién Co khi Ndng lwong va M6

1. Gi¢i thiéu chung

Trong lich str hoat dong ctiia minh, Vién Co khi
Nang lwgng va M6 - Vinacomin da tirng thanh lap
Phong Tw dong héa. Tuy nhién, do nhiéu nguyén
nhan khac nhau, phong Ty dong hda da giai thé
nam 2002, cac bo phan cia phong dwgc sap nhap
vao cac don vi khac trong Vién. Linh vuc Dién - Ty
dong hoa trong Vién van hoat dong xong véi quy
mo nhd va phan tan.

Trong giai doan gan day, véi sy phat trién manh
mé ctia KH&CN, thé gi¢i ndi chung Viét Nam néi
riéng déu rat quan tAm dén cudc cach mang cong
nghiép lan th 4. Nganh Than - Khodng san ciing
khong nam ngoai xu thé d6, Tap doan TKV da didy
manh thuc hién chwong trinh “3 héa” trong tit ca
cac linh virc hoat dong SXKD, dac biét 1a trong khai
thac than ham 1o. Plng trwedc yéu cau, doi hdi cia
thuc tién, ngay 01/01/2020, Vién Co khi Niang
lwong va Mo - Vinacomin da quyét dinh thanh 14p
Trung tam Tw dong hoéa (T5) véi hat nhan la phong
bién - Ty dong héa va Kiém toan ning lwong thudc
Trung tAm Thir nghiém - Kiém dinh va Tw déng hoa
(T2) va mdt s6 ky sw dién - tw dong hoda, cong nghé
thong tin dwoc tp hop tlr cac bd phan khac ctia
Vién. Do vay, c¢6 thé noi tuy méi hinh thanh xong
Trung tim Ty dong héa da thira hwéng nhiéu kinh
nghiém trong linh vwc nghién ciry, thiét ké ché tao
va trién khai l1ap d3t thiét bi dién - tw ddong héa phuc
vu nganh mo, nhitng san pham cta Trung tim
dwoc ké thira va phat trién tir két qua chung cta
Vién tir nhiéu nam nay. Viéc tai 1ap Trung tim Tw
dong hoa, thé hién buére di diing dan trong muc tiéu
phét trién Vién bén vitng, gan véi sw phat trién
chung cua nganh Tap doan Coéng nghiép Than -
Khoang san Viét Nam.
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2. Nhirng két qua dat dworc

2.1. Két quad nghién ciru khoa hoc, phdt trién
cong nghé

Ngay tir khi TAp doan TKV cé Quyét dinh so
2394/QD-TKV ngay 28/12/2018 phé duyét “Dé an
tng dung THH-TPH cua Tap doan Cong nghiép
Than - Khoang san Viét Nam giai doan dén 2020,
giai doan 2021-2025, tim nhin dén 2030”, cac can
bd Phong Dién - Ty dong hda va Kiém toan Nang
lwong trueére day cling nhw Trung tam Tw dong hoa
hién nay da rat tich cwc dé xuat va tham gia cht tri
nhiéu nhiém vu nghién ctru khoa hoc cac cip. Cac
nhiém vu nghién ctru thudc linh virc nay Pién - Ty
dong héa hau hét déu c6 ham lwong khoa hoc va
tinh (rng dung trong thuc tién cao. Chi tinh trong 03
nam (2018-2020), mdi ndm Trung tAm Tw dong
hoéa chu tri va tham gia thyc hién 5-6 nhiém vu
nghién ctru véi kinh phi hang chuc ty dong, von
1én thanh trung tAm c6 khoi lwgng nghién ctiu 16m
nhat trong toan Vién. M6t s6 nhiém vu nghién ctru
tiéu biéu ma trung tdm da thwc hién gom: (1) Dé tai
“Nghién ctru, thiét ké, tich hop trung tim diéu
khién gidm sat Nha mdy sang tuyén than Vang
Danh 2” thudc dw 4n KH&CN cip qudc gia do Vién
cht tri thyc hién; (2) Dw 4n SXTN “San xudt thi
nghiém mot so ti dién diéu khién - giam sat thiét bi
str dung trong khai thac hdm 16” cip BCT; (3) Dé tai
“Thiét ké ché tao khdi dong mém trung thé (6-
10kV, céng suit dén 1000kW) phong nd dung
trong mo than ham 10” cAp TKV; (4) Dw 4n SXTN
“Hoan thién thiét ké, ché tao ndi dia hda va ap dung
thir nghiém giai phap tw dong hoa cac tuyén van tai
bang tai mo6 than ham 10” cAp TKV; (5) Dé tai “Thiét
ké, ché tao hé thong lam mat cudng birc bang
khéng khi cho bién tin phong né str dung cho md
than ham 10” cap TKV; (6) Dé tai “Nghién ctru thiét
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ké, ché tao thir nghiém hé thdng quan ly giam sat
va diéu khién tir xa bang thé wifi phong né nham
phuc vu: gidm sat tinh trang thiét bi, kiém soat tinh
trang tho mo, do lwong diéu khién tir xa dya trén
mang toc d6 cao Ethernet va wifi phong n6” cip
TKV...

2.2. Két qua trién khai dp dung vao sdn xudt

Bén canh cdng tac nghién ctru khoa hoc phat
trién cong nghé, cac can can b trong Trung tim T5
da phat huy va trién khai thwong mai héa hang loat
cac san pham dién - tw dong tlr cac két qua cia dé
tai nghién ctru, cAc sdn pham da mang lai nguén thu
nhip chinh va déng gép doanh thu dang ké cho
Vién (khoang 15%), dién hinh 1a cic sdn pham khéi
déng mém trung, ha thé; ti diéu khién phong ng;
thiét bi mang - wifi phong né; camera phong ng; bo
catlién dong phong né... trong d6 thiét bi khéi dong
mém trung thé 6kV phong né mang lai nhiéu doanh
thu cao nhit, khoang 20 ty dong, sau dé la cac thiét
bi t diéu khién phong né ~6 ty déng, khéi dong
mém ha thé phong né ~5,5 ty dong, camera phong
né ~2 ty dong, ban diéu khién toi truc hdm 1o ~1,6
ty déng... Cac san phim do Trung tAm phét trién
ngoai yéu to chit lwgng dong thoi cling hwéng téi
cac tinh nang cao cép, tich hgp mét so giai phap
truyén théng hién dai va két ndi véi cac hé thong
diéu khién giam sat tip trung toan mo dé nang cao
hiéu qua str dung thiét bi cling nhw giam chi phi dau
tw ha ting mang théng tin trong mo6 ham 1o.

e Mt s6 san phdm dién phong n6 da dwoc
thwong mai héa thanh céng

a. B§ khéi dong mém trung thé phong nd IEMM-
MVS-6000/200 (400):

Tu khéi dong mém trung thé 6KV, tiéu chuin
phong n6 Exd[ia]l cho dong co bang tai, bom thoat
nwéc, quat thong gié ham 19, bao gdm: cong-tic-to
dau vao 7,2kV-4004, Bo khdi dong mém 6,9kV-
180A/360A, Contactor bypass 7,2kV-4004, Bién
dong do lwong, Cam bién do lwong dién ap dau vao
va dau ra dién tr 7,2kV, Bao vé dong ro. Tin hiéu
diéu khién: tin hiéu diéu khién tir xa, gidm st trang
thai tir xa an toan tia Itra Ex ia I. San phdm hop tac
véi hang Rockwell Automation - My.

Pia chi da 4p dung: Cong ty CP than Mong
Dwong - TKV, Cong ty than Théng Nhat - TKV, Cong
ty than Hon Gai - TKV.
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b. B6 khéi ddng mém ha thé phong né IEMM-
LVS-660(1140)

Ta khéi dong mém ha thé 660/1140V loai
phong n6 Exd[ia]l cho dong co bang tai, bom thoat
nuwéc, quat thong gié ham 10, bao gobm: ciu dao dao
chiéu, Bo khoi dong mém. Tin hiéu diéu khién: tin
hiéu diéu khién tir xa, gidm sat trang thai tir xa an
toan tia ltra Ex ia I. San phdm hop tic v6i hing
Rockwell Automation - My.

Dia chi da &p dung: Cong ty than Mao Khé - TKV,
Cong ty than Hon Gai - TKV.

c. B§ bién tAn phong nd VCKINV-Ex-660/*
- Kiéu phong n6 Exd[ia]l cho déng co may mé ham
10: Cong suét téi da 350kW, Dién ap dinh mic: 660-
690V AC (-15%,+5%), 3 pha 50Hz; Dién ap ngo ra
(V): 0~ dién ap ngd vao; Tan sé ngd ra (Hz):
0~400Hz (tuy chon cao hon); Ché d6 diéu khién:
V/F control, Sensorless vector (SVC), Torque
control.
- Ché& @6 khoi dong: Ché do khéi dong vo cip; Co thé
chuyén sang ché do khdi dong truc tiép khi bién tin
bi 16i (khéi dong bang cong-tac-to).

- Dia chi da ap dung: Cong ty than Hon Gai -TKV
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d. Tt diéu khién phong nd TDK-P-I
- Ma hiéu: TPK-P-1-127/24V;
- Dang bao vé an toan: Exd[ia]l;
- Nguon nudi : U= 660/127 VAC; f= 50 Hz;
- Phan két ndi v&i ngoai vi dau vao ra sé: dang bao
vé an toan: Exia;
- BO diéu khién PLC: Siemens - Diic, Rockwell - My;
- U'ng dung tw dong héa bing tai, toi truc, bom
nuéec, clra gid... mo ham 10;
- bia chi da ap dung: Céng ty Than Hon Gai - TKV
(Tw dong hoéa tuyén bidng tai), Cong ty CP Than
Vang Danh (Piéu khién tw dong bang tai), Cong ty
than Thong Nhit (diéu khién tw dong toi cap cho
nguoi), Cong ty than Ha Long - TKV (cac hé théng
toi cap ché nguoi)

e. B dong cat lién dong
- M3 hiéu: bKLD-2
- Két c4u phong n6 Exd [ia] [;
- bién ap dinh mrc: 1140V /660V/380V+15%; 50
Hz;
- Ngubn an toan tia Itra: Exia [;
- Tin hiéu vao lién dong: Exia [;
- Lién dong v4i dau do khi mo, thiét bi diéu khién;
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- Dia chi 4p dung: Cong ty Than Ha Long - TKV,
Cong ty Than Thong Nhit - TKV.

f. Ban diéu khién toi JK

- Diéu khién tw dong hé thong toi truc mo giéng
nghiéng JK, DKNU,...

- St dung hé théng PLC S71200/1500 cta Hang
Siemens - Dirc, hé thong PLC kép;

- Cac chi tiéu ky thuat dap ing theo QCVNO02;

- bia chi 4p dung: Cong ty Than Ha Long - TKV

g. B switch mang mach vong Ethernet phong
né va wi fi hAim 16
- M3 hiéu: VCK-SW-Ex-01, VCK-Wi-Ex-01
- Két c4u vo: Exd [ia] I;
- Khoang cach t6i da két néi téi cic tram Ethernet
khéc: theo gi¢i han cia cap quang hodc cap dong;
Phin nguén nudéi mdét mday tram:
127/660VAC,50/60 Hz
- Tin hiéu an toan tia Ira: Exia I (RS485/422 va
Ang-ten wifi);
- Cong truyén théng Ethernet dén cac thiét bi khac:
két ndi da mach vong, toc d6 100MB, 1GB, 10GB tuy
chon;
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- Pia chi ap dung: Cong ty Than Khe Cham - TKV,
Cong ty Than Hon Gai - TKV, Céng ty than Dwong
Huy - TKV

h. Hé thdng gidm sat camera phong nd
- M3 hiéu: T.CAM, T.CAM-WI
- Str dung trong: M6 than hdm 10 Zone 1, Zone 0
- Moi truong: Ap sudt 86~106 KPa, nhiét do
45°C~60°C, d6 4m 95% RH tai (25°C)
- C4p bao vé phong nd: Exd I cho loai cap quang, cap
dong Ethernets; Exd [ia] I cho loai két néi khong
day WIFL
- Ngubn cap: AC127/24/12V
- Kich thuwéc (DxRxC): 440x130x180
- bia chi da 4p dung: Cong ty Than Hon Gai - TKV,
Cong ty Than Dwong Huy - TKV, Cong ty Than Khe
Cham - TKV, Cong ty Than Ha Long - TKV, Céng ty
than Udng Bi - TKV.
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3.Pinh hwéng trong giai doan téi

Trong giai doan t&i, cudc cadch mang cong nghiép
Ian thir 4 ti€p tuc phat trién manh mé, sy két hop
gitra cong nghé diéu khién, tw dong hoa védi cong
nghé thong tin ngay cang hién dai, thic diy phat
trién cac hé théng thiét bi may moc cling ngay mot
thong minh, hién dai. D6i v&i cic thiét bi co gidi
héa phuc vu dao 10, khai thac, van tai va ché bién
than - khodng sin ciing khong nam ngoai xu
hwéng dé. Thiét bi co giGi sé ngay cang hién dai,
van hanh hiéu qua va an toan hon. Chinh vi ly do
do, Tap doan TKV da coi viéc hién dai héa Iinh vuc
san xudt than ham 10 “3 hoa” 1a yéu t6 chinh dé
tang nang suit, giam gia thanh, tang hiéu qua cac
hoat dong san xuit khai thac mo hién tai cling nhw
trong twong lai.

Trung tdm T5 véi sw dinh hwdng chung cua
Vién, sé tiép tuc phat trién (rng dung cac sdn pham
dién diéu khién dic thu nganh than, dic biét cac
thiét bi dién phong né ngoai dap rng nhu ciu diéu
khién cip nguodn con dap tng kha nang tich hop
lién déng diéu khién tip trung, tw dong hda cac
qua trinh san xuit khai thac - van tai va ché bién
phtrc hop, cac tinh ndng nay sé la yéu td thiét yéu
cp trwdong lam co s& cho viéc phat trién cac mo
hién dai, gidam dang ké s6 ngwoi quan ly vin hanh
va an toan, hiéu qua, tiét kiém chi phi vin hanh
hon. Trwéc mit Trung tAm sé tdp trung vao
nghién ctry, thiét ké, ché tao cac san pham méi cu
thé gom: Bién tin phong nd 1am mat bang chait
16ng str dung trong mé ham 10; M4y cit phong no
tich hgp truyén thong diéu khién gidm sat tap
trung mo ham 10; Hé thong diéu chinh tw dong luu
lwong quat gié cuc bd mé ham 1o; Thiét bi giam
sat, canh bao dit bang; Thiét bi cdm bién ty trong
huyén phu; Hé thdng chan doan 16i dong co dién
st dung cong nghé IoT....
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Két qua (rng dung cac gidi phap tw dong héa ctia Vién Co khi
nang lwong va Mo - Vinacomin phuc vu dé n Tin hoc héa - Tw
dong héa cua tap doan TKV

ThS. Pham Van Hiéu *

1 Trung tdm Tw ddng héa, Vién Co khi Ndng lwong va Mo

1. M¢é dau

Ngay 28/12/2018, Tap doan TKV c¢6 Quyét dinh
s0 2394 /QD-TKV phé duyét “bé an trng dung THH-
TPH cta Tap doan Cong nghiép Than - Khoang san
Viét Nam giai doan dén 2020, giai doan 2021-2025,
tAm nhin dén 2030”. Thwc hién dé 4n nay, nhiéu
don vi thanh vién da cha déng tich cwc tim hiéu va
trng dung cac hé thong tw déng héa vao cac khau
san xudt cu thé, cac thiét bi mo, cac khiu phu tro vé
quan ly gidm sat an toan - thong tin lién lac, cic nha
mady tuyén than, cic nha may dién va cic nha may
ché bién sau khoang san... Trong do, dién hinh cac
mo da budc dau xay dung tich hop cic trung tAm
diéu khién giam sat tip trung hién dai c6 kha nang
bao quat toan mo/nha may va diéu khién tp trung
nhw cdc mo6 Hon Gai, Ha LAm, Dwong Huy, Nha may
Tuyén Vang Danh II. Trong d6, nhiéu khiu san xut
da ap dung tw dong hoda va da phat huy dwoc hiéu
qua ro rét vé tang nang suitlao dong va giam so lao
dong thu cong, ting mirc do an toan, mot s6 cong
trinh dién hinh nhuw: Hé thong tw ddng hod bang tai
giéng chinh Hon Gai, Mao Khé, Khe Cham, Vang
Danh; Ty déng hod hdm bom, tuyén bang tai 1o
xuyén via -300 Ha LAm; Tw dong hoa tram bom
dich nhii hoa tai Cong ty than Théng Nhit, Hon Gai;
Hé thong Tw dong hoa tai nha may tuyén Vang
Danh II; Hé théng Tw dong hoa tram quat gié Cong
ty than Nui Béo, Vang Danh.

La don vi nghién cty, tw vin, Vién Co khi Nang
lwgng va M4 cling da tham gia tich cwc vao Chwong
trinh THH - TPH cda Tap doan, trong dé Trung tam
Tw dong hoa (T5) cia Vién truc tiép trién khai, va
phoi hop véi cac trung tAm co khi khic trong Vién
dé hoan thién cac tinh ning tw dong hoa cho ca
thiét bi co gidi, cong trinh co khi do Vién ché tao,
cung cap va lap dit. Trong nhitng ndm vira qua,
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Vién da truc tiép trién khai mot so6 giai phap THH-
TPH vao thuc tién thong qua cac dé tai nghién ctu,
dw 4n SXTN va cac cong trinh d4u thau xay 13p, mot
s6 cong trinh dién hinh nhw: Tw dong héa tuyén
bang tai Thanh Céng - Céng ty than Hon Gai; Tw
dong hoa bang tai Cong ty than Dwong Huy; Tw
dong hoa bang tai Cong ty than Vang Danh; Tw
dong héa Nha may tuyén than Vang Danh II; Ty
dong héa Nha may tuyén Dong Sin quyén; Hé thong
diéu khién toi truc giéng chinh JK - Céng ty than ha
Long; Hé thoéng diéu khién Toi cap chd nguoi -
Cong ty than Ha Long, Quang Hanh, Mao Khé; Hé
thong diéu khién ctra gi6 tw dong - Cong ty than Ha
Long; Hé thong giam sat ra vao 10, nha an, nha déen
va chdm coéng thg' mo ty ddng - Cong ty than Dwong
Huy...

Ngoai nirng gidi phap da va dang dwgc rng dung
vao thuc tién nhw trén, Vién cling da trién khai
nghién ctiru va dé xuat cac gidi phap mai dé tiép tuc
dwa vao thuc tién trong thoi gian téi nhw: Hé thong
diéu van tau dién; Hé thdng diéu khién tw dong
ham bom thoat nwéc chinh; Hé thdng diéu khién tw
dong tram quat gi6 cuc bo; Hé thong phat thanh ki
thuat s6; Hé thong diéu khién giam sat ro le ky
thuit s6 va tram cung cip dién ham lo...

2. Gi¢i thiéu mot s6 giai phap TPH do Vién Co
khi Nang lwrong va mo nghién ciru thiét k€, ché
tao

2.1. Cdc hé théng dd dworc trng dung thanh céng
trong thwc té san xudt

1. Hé thdong diéu khién ty dong va giam sat tw
dong tap trung tuyén bang tai

- St dung cho: Bang tai hAm 1o, mit bang;
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- Tich hop diéu khién tw déng, thong tin lién lac
khéong day va camera gidm sat dwa trén mang
Ethernet cong nghiép tc do cao;

- C4p bao vé chung: Exd [ia][;

- Chic ndng vin hanh hé thong dam bao 3 ché do:
chay tw dong, chay lién dong va chay doc lap;

- Hé théng phdn mém van hanh dw phong noéng;
Giam sat tir xa qua Internet;

Pa ap dung tai: Cong ty Than Hon Gai, Cong ty
Than Dwong Huy; Cong ty Than Vang Danh

L : MmO

2. Hé thdng diéu khién va giam sat toi cap ché
nguoi

- St dung cho: diéu khién tw dong toi cap treo
trong cac mo than ham 10;

- Hé thdng bao gdbm tu diéu khién trung tAim d4u
toi truc két néi vai cac thiét bi ngoai vi dé kiém soat,
hién thi toan bd hoat dong cua toi truc va cho phép
nguwdi van hanh dat téc do toi hodc thiétlap cac ché
dd van hanh tw dong.

- C4p bao vé: Exd [ia] [;

Pia chi ap dung: Cong ty Than Théng Nhit - TKV,
Cong ty Than Ha Long - TKV, Céng ty Than Quang
Hanh - TKV.
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3. Hé thong thong tin di déng trong 1o

- Chirc ndng thong tin lién lac di dong trong him
10 théng qua hé thdng mang mach vong Ethernet
téc do cao va hé théng tich hop VoicelP. Phu séng
wifi phuc vu thong tin di dong trong ham lo. Két n6i
camera wifi di ddng. Tiéu chuin Exd [ia] I, Exia L.

- Nho ¢6 hé thong nay thi nguoi lao dong dwdi
ham 10 c6 thé st dung dién thoai di dong phong né
dé nhanh choéng lién lac v&i phong diéu hanh trén
mat dit dé bao cdo vé tinh hinh cling nhw sy cd
duwdi ham lo:

- Hé théng camera duwdi ham 10 si¢ dung hé
thong nay sé bét dwoc cong doan kéo diy tir mat
bing xudng dudi hdm 10. Nhuw vay sé tiét kiém dwoc
cong strc lao dong, thoi gian va chi phi.

- Pia chi ap dung: Cong ty Than Dwong Huy - TKV.
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4. Hé thong giam sat ra vao 10, nha an, nha den tw
dong

- Giai phap t6i wu vé quan ly nhan sw, ra vao 1o;

- Phwong phap chdm cdng phong pha: thé tir,
khuén mat, van tay;

- Quan ly chdm cong va hé trg tinh lwong bang
phan mém tw déng tich hop;

- B4o an ca (PX mat bang); B4o céo chi tiét gir
lam viéc, ting ca, di tré, vé sém, ving mit clia tirng
nhan vién; Bdo cdo tong s6 gitr va s6 ngay lam viéc
trong mdt thang cua tirng nhan vién; Bdo cdo téng
hop trong mot thang, quy, nam;

- Xuat dir liéu dwéi dang *xls (Excel) hé tro tinh
lrong nhan vién;

- Cap nhat thong tin nhan sy, lwvong va cac khoan
phu cap, chia ca, d6i ca, dang ky vao ra, dang ky nghi
phép cho tirng nhan vién;

- Quan tri hé thong an toan: Dir liéu khéng bi
mat khi xay ra sw c6 cup dién;

- Quan ly gior 1am viéc: Kha nang kiém tra moi
lic, moi noi qua Internet;

- Phéin quyén truy cip nhiéu cip: cip lanh dao,
cap phong ban, cip phan xwdng;

- Thoi gian luu trir khéng gidi han;

- bPia chi ap dung: Cong ty Than Dwong Huy - TKV

5. Hé thong diéu khién ty dong nha may tuyén
than, khoang san

Hé théng DKTD trong mét nha may tuyén thuc
hién cac chirc nang:

- Giam sat cac théng s6 cong nghé chinh trong
hé théng: ti trong, lwu lwong, mirc vat liéy, ap luc,

220



HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

2021

(MEAE2021)

dong tai, nhiét 6, dd 4m... va cac trang thai lam viéc
clia cac thiét bi cong nghé;

- Tw ddng diéu khién ché d6 lam viéc/khong lam
viéc ciia moi thiét bi co dién trong diy chuyén theo
dién bién cong nghé nhu: bang cip than nguyén
khai, cac loai bang trung gian, cac loai may sang,
may dap, may nghién, may bom, mdy tuyén, may
lang, may c4p liéu, cac loai van dién ttr, toi kéo...;

- Tw d6ng diéu chinh ty trong huyén phu cip cho
cac may tuyén;

- Tw dong diéu chinh mirc vat liéu, dung dich...;

- biéu khién tw déng cho cac cum may hoic hé
théng may lang, may tron, may dap, ban tuyén, may
sdy nhiét, may rira, may tuyén chan khong, may
tuyén khi, tuyén bang thung xody cyclone...

- Phén quyén truy cip nhiéu cip: cip lanh dao,
cip phong ban, cip phan xwdng;

- Thoi gian luu tri khdng gidi han;

- bia chi ap dung: Cong ty CP Than Vang Danh
- Vinacomin; Chi nhdnh M6 tuyén Pong Sin Quyén
- Téng Cong ty Khoang san - TKV

D3t dhuvao
20806

|
|

|

My tuyén i
cKe HO-

Van thanh thai

2.2. Cdc hé théng dd nghién civu thanh céng
chudn bi dp dung vao thwc té sdan xudt trong giai
doan toi

1. Hé thong tw dong hda tram cip dich nhii hoa
mo ham 1o

- Tw ddng hoa qua trinh pha tron nhil trong, bao
gom viéc diéu tiét lwgng nwéc, lwong dau nhii héa
dé dat ty trong chinh xac dat truér,
- Trang bi cac thiét bi cip trwong d€ ddm bao cho
tw dong hda va an toan van hanh tw dong: do ty
trong nhii twong (%), do ap luc, do lwu lugng, do
mirc cac thung, do nhiét dd6 bom dich, do dong tai
déng co, va bo sung cac van diéu tiét cip nwdc, bom
cip dau nhii dé diéu tiét pha tw dong dwoc chinh
Xac,
- Lap d3t b6 sung thing cAp dau nhi hoa dé lwu gitr
va diéu tiét ty 1é cAp dau pha cha dong,
- Lap dit cai tao thung pha nhii héa dé pht hop véi
tw dong hoa
- Lap dat bd loc nwdc dau vao dé lam mém nworc,
dam bao dén chit lwgng nuwde dé pha dich
- Lap dit hé thong gidm sat camera tir xa tai trung
tAm diéu khién dé quan sat tir xa tinh trang hoat
dong cua tram.

[ CpmbaBLIE
CptmbaBLoL

2. Hé thong tw dong héa hAm bom thoat nuwéc

2

mo



&

2021

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA

(MEAE2021)

Hé thong tw dong hoa hAm bom thoat nwéc mo
dap rng nhu ciu van hanh ty dong va tir xa, dwoc
trang bi cac thiét bi theo dinh hwéng chuin chung
cda chwong trinh hanh dong THH-TPH cta Tap
doan TKV (1755/QD-TKV, ngay 22/7/2017), hé
thong bao gom:

- Hé théng diéu khién tw dong hAm bom dua
trén mang Ethernet toc dd cao, két noi cap quang,...
céc tin hiéu truyén thong chuin an toan tia Itra,

- Hé théng camera gidm sat hinh dnh toan bo cac

vi trf quan trong trong hdm bom va vi tri bé thu
nuwéc mat bang tir phong diéu khién tip trung,
- Hé théng dwoc trang bi thong tin lién lac d€ dé
dang 1én lac giita trung tam van hanh va céng nhan
ky thuit tai hién trwong dé kiém tra va xi ly tinh
hu6ng nhanh nhat.

o T e el ——

==

3. Hé thong diéu van tau dién mo

- Tai phong diéu van trung tim, nguwoi diéu van
kiém soat dwgc toan tuyén van tai nhw sau:

+ Giam sat lién tuc vi tri dau tau va cac théng tin
trén dau tau nhw: toc do tau, dién ap - dong dién
dau tau, hinh anh phia trwéc va phia sau dau tau
trén toan tuyén van tai.

+ Diéu khién va giam sat trang thai tirng bo ghi.

+ Diéu khién va giam sat tinh trang déng/md
cac barie.

+ Gidm sat tinh trang tram nap ac quy: dong nap,
dién ap nap.

+ Diéu khién va gidm sat vi trf dong cit cAu dao
cap ngudn cho tau trolay

+ Hinh anh camera cac vi tri quan trong doc
tuyén van tai

- Thong tin lién lac doc tuyén khéng day gitra
trung tam v&i ngwoi 1ai tau, ngwoi van hanh khac
trong ca va gitra cac can bo cong nhan van hanh véi
nhau.

- Gidm st vi tri, tinh trang thiét bi (ac quy, toc do)
va canh bao nguy hiém va cham tau...

' =S el "l‘l‘ ig-- dive {.l_
== (SR e

e e o e -

4. Hé thong ty dong hoa tram nén khi

- Chirc nang vin hanh hé thong dam bao 3 ché do:
chay tw dong, chay lién ddng va chay doc lap, tw
dong chay luan phién;

- Giam sat tw dong trang thai chay/dirng, sw c6, s6
gior chay, ap lwc khi nén, lwu lwgng cip khi vao 1o,
dong dién, dién ap, kWh tiéu thy,...

- Camera giam sat hd trg, gidm sat tir xa qua
Internet
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5. Hé théng phat thanh k§ thuit s6 mé ham lo
- Hé théng phat thanh 16 kénh doc 14p;

- Truyén thong cap quang;

- Ngubn cap 220Vac 50Hz;

- Tiéu chuén phong n6 Exd [;

- Truyén thong cap quang;

|
! HANH | or— e | oo |
} | | Ving1 | }Vungn |
- Dl e bomd | R b |
| | | |
E wmwemw wew
} — [ | cooguang | | L_—1L—— |
| Cap%]uang 7777777777777
| ; TVimgz ~ 77T !
L ____ w | g b b |

|

|

. m |

|

77777777777777 |

2l
9 .00

4“- CONG Y THAN DONG B - TKY

{8 o« mo el

6. Hé thong tw dong héa tram dién

- Xy dwng hé théng phin clrng va phan mém giao
dién diéu khién, giam sat hé théng cung cip dién:
Quan ly va thu thap s6 liéu; Gidm sat cac trang thai
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va théng s6 mang dién: V, I, Cosp, P, Q, E, on/off,....;
Cac biéu do phan tich; Cac bao biéu.

- Camera giam sat cac vi tri trong yéu va dao cach
ly ngoai troi.

- Giam sat tir xa qua internet.

7. Hé théng tw dong hda tram quat

- Chic nang diéu khién: ché do diéu khién tw dong;
bang tay; tai cho;

- Hién thi trang thai van hanh tit/mé/16i;

- Hién thi thong s6 vé dién: U, I, Cose, P, Q, E; luvu
lwong gid; khi CH4 online; nhiét do online; ap luc
online ...

- Chirc ndng bao cdo: Biéu d6 phan tich; bao cdo vin
hanh;

- Phéan tich tryc tuyén rung déng dong co va quat.
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8. Hé thong diéu khién tip trung 10 cho

- Hé théng diéu khién tip trung cuc bd 1o cho
dwoc 1ap dit & khu vure 10 cho

- TG diéu khién va phin mém gidm sat diéu
khién tp trung cho phép giam sit toan bd cac
théng so clia tirng thiét bi trong 10 chg nhw trang
thai chay dirng, dién ap, dong dién tirng dong co...
van hanh qua man hinh giao dién tiéng Viét.
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- Camera lap doc 10 cho va két ndi véi man hinh
dé gidm sat hinh &nh tip trung qua man hinh phong
no.

- Lap cac céc thiét bi do lwong, gidm sat khac
nhw nhiét do, 4p suit (tuy chon)
et

mancway  BERNY

Tidainke gide VO b e 0 ey
Wk g o o g LS cHY
ﬁ-’ﬁ!‘.:} . aska . Gl e Gl s
oy ~ S S o
Y aais P I J
Tanabkebdds | v
i, gl it e g
Nty 121V

PUHIP KA OONG T D001 FNRy

0y < gl g s

224

3.Kétluan

Qua thuc tién trién khai 2-3 nim gan day, c6 thé
khang dinh THH-TDPH 1a mdt trong nhitng cong
nghé chinh va tit yéu gép phin ning cao nang suit,
an toan va hiéu qua trong nganh khai thac mé. Tuy
nhién, viéc g dung va phat trién cac hé théng con
cham, gdp nhiéu khé khin do thiét bi lac hiu, trinh
d6 nhan lyc ky thuat thip, chwa cé dinh huwéng tong
thélwa chon hé thong phtt hop. Do viy trong nhirng
nam qua cac giai gidi phap tw dong héa mé noéi
chung va giai phap do Vién Co khi Nang lwong va
Mo nghién ctru, chuyén giao cong nghé chu yéu tip
trung vao cac khiu san xut cu thé véi cac tinh nang
con han ché dé phu hop véi nhin luc, co sé ha ting
hién c6 ctia mo. Trong nhitng nam téi viéc ap dung
cac giai phap néu trén & mirc do tw dong hda cao
hon ciling nhw cac giai phdp méi tdng thé hién dai
hon con rit nhiéu tiém nang dé phu hop véi nhu
cau, nhan luc va co s& ha ting tirng giai doan phat
trién ctia nganh mo.
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Két qua thwc hién nhiém vu déi méi va hién dai hda cong nghé
trong nganh cong nghiép khai khoang giai doan 2010-2020
dinh hwdéng dén nam 2025 cda Vién Co khi Nang lwong va Mo -
Vinacomin

TS. D6 Trung Hiéu®*, TS. L& Thiy Dwong?

1Vién Co khi Ndng lwgng va Mé - Vinacomin, Viét Nam

2 Vién Co khi Ndng lwong va MG - Vinacomin, Viét Nam

1. M¢é dau

La Vién nghién ctu trién khai trong linh vuc cor
khi, tw dong héa phuc vu nganh md, nganh nang
lwong va cac nganh khac, ngay tir khi Dé an “Daéi
m¢&i va hién dai hoéa cong nghé trong nganh cong
nghiép khai khoang dén nam 2015 tim nhin dén
nam 2025” dwgc Thu twdng Chinh phd phé duyét,
Vién da bam sat, muc tiéu, ndi dung ctia Dé an dé to
chirc thue hién cac hoat dong nghién ctru khoa hoc,
san xuat kinh doanh ctia don vi.
2. Két qua hoat dong nghién ciru, phat trién va
rng dung KH&CN

Vién da to chirc dang ky va thuc hién hang loat
cac deé tai nghién ctru, dw 4n SXTN c6 ham lwgng
khoa hoc cao, bam sat nhu cau di maéi cong nghé,
thiét bi ciia nganh san xuat than - khodng san. Co
thé ké dén mot s6 nhiém vu ndi bat nhu:

a) Trong linh vuc khai thac ham lo:

- Thyc hién dé tai (Chwong trinh khai khodng -
2011): Nghién ctru thiét ké, ché tao toi cap treo
dung dé ché nguoi trong cic giéng nghiéng mo
ham 10. Dé tai da thwc hién thanh céng, dén nay
Vién da hoan toan lam chu viéc thiét ké, ché tao cac
loai toi cap treo phu hop véi diéu kién str dung
trong mo than him 1o cda Viét Nam, gép phan co
gi¢i héa khau van chuyén nguoi ra vao mé. Ung
dung két qua nay, trong giai doan 2015-2019 Vién
da trién khai dwgc 08 Hop dong ché tao, cung cip
toi cap treo va phu tung phuc vu thay thé, stva chira
cho cac don vi khai thiac than hdm 1o, mang lai
doanh thu gan 50 ty dong.

- Thuc hién dé tai (Chwong trinh khai khoang -
2012): Nghién ctru thiét k€, ché tao mang cao dung
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trong 10 cho md than hdm 10 nang suat 180 t/h”,
g6p phan ting ndng lwc van tai than va dat da trong
10 cho, dap &ng nhu ciu ting san lwong khai thac
than ham 10;

- Thuc hién dw an SXTN (Chwong trinh khai
khodng - 2012): Hoan thién thiét ké, c6ng nghé ché
tao may dap da kiéu truc rang nang suit 100 - 300
t/h st dung trong day chuyén dao 1o da, gép phan
co gi¢i hda khau xir ly da qua c& trong diy chuyén
cong nghé khai thac, ché bién than - khoang san.
San pham may dap kiéu truc riang hién da dwoc
Vién thwong mai hoa, da cung cip 04 thiét bi nay
cho san xuit mang lai doanh thu trén 6 ty déng.

- Thuc hién cic dw 4n SXTN (Nhiém vu cip
TKV, cip BCT - 2012+2016): Hoan thién thiét ké,
ché tao bang tai doc; bang tai cong suit 16m, bang
tai hdm dung trong mo6 than hdm 10. Thong qua viéc
thwc hién chudi 03 dw 4n SXTN nay, da dua Vién Co
khi Nang lwgng va moé tré thanh don vi dau tién
trong nuwéc hoan toan 1am chi thiét ké, ché tao, 13p
dat cac tuyén bang tai trong mo than hdm 16 gép
phéan co gidi hda khdu van tai lién tuc trong him
mo, c6 y nghia quyét dinh t&i viéc nang cao san
lwong, d6 an toan va ha gia thanh khai thac. Giai
doan 2010-2020, Vién da nghién ctru thiét ké, ché
tao va cung cip trén 50 tuyén bang tai hdm 16 cac
loai v&i doanh thu trén 530 ty dong.

- Thwc hién dé tai (Nhiém vu cdp TKV -
2015+2016; Pham Van Hiéu): Thiét ké ché tao
khéi dong mém trung thé (6-10KV, cong suat dén
1000kW) phong né dung trong mé than ham lo.
San pham cua dé tai da dwoc thir nghiém thanh
cong trong thyec t€ san xuit. Hién nay (tinh dén hét
2020), Vién da ché tao, cung cip cho thi treong gan
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30 san pham Khéi déng mém trung ha thé phong
n6 cac loai véi gia tri doanh thu khoang 20 ty dong.

- Thuc hién dé tai (Nhiém vu cip TKV - 2016):
Nghién ctru thiét ké, ché tao, thir nghiém canh quat
gié giéng chinh 2K56N24. Két qua thr nghiém
thanh céng san phadm cua dé tai trong thuc té san
xuit da mé ra mot hwdng san xuit san pham méi,
dap trng toan bo nhu ciu thay thé stra chira canh
quat gié giéng chinh mé ham 16, d6ng thoi tién téi
nghién ctru, thiét ké, ché tao tron bd tram quat gié
giéng chinh, thay thé nhip khiu. Hién tai Vién da
x4y dwng va dé xudt dw an SXTN "Hoan thién thiét
ké, cong nghé ché tao canh quat gi6é chinh mo than
ham 10", da dwoc BCT phé duyét cho phép thuc
hién vao ké hoach KH&CN cip Bo tir nam 2021.
Trong thoi gian thwe hién dw an nay Vién sé hoan
thién thiét k€, cong nghé va ché tao cung cap cho thi
trwong it nhat 06 bd canh quat gié chinh cac loai
v6i doanh thu dw kién khoang 5 ty dong, sau dé
Vién sé tang cwong tiép cin thi treomg dé cung cap
san pham chat lwong twong dwong, gia thanh chi
bang 70-75% gia nhap ngoai.

- Ngoai cac nhiém vu da thyc hién thanh cong
nhw trén, trong giai doan hién nay, Vién con dang
thwe hién mot loat cac nhiém vu KH&CN méi, dac
biét 1a cac nhiém vu phuc vu chwong trinh THH-
TPH ctia TKV, sau khi nghién ctru thanh cong, chic
chin sé dwoc img dung rong rii trong thuc té san
xudt. Cu thé nhw sau:

+ Du an SXTN cip BCT “San xuit thir nghiém
mot s6 ta dién diéu khién - gidm sat thiét bi sir dung
trong khai thac ham 10” thoi gian thwce hién 2018-
2020;

+ Dy 4n SXTN cdp TKV “Hoan thién thiét ké, ché
tao noi dia hoa va ap dung thir nghiém giai phap tw
dong héa cac tuyén van tai bang tdi mé than him
10” thoi gian thuc hién 2019-2020;

+ Dé tai nghién ciru “Nghién ctru tich hop hé
théng kiém tra cot chong thiy lwc véi may tinh”
thoi gian thuc hién 2019;

+ Deé tai nghién ctru “Nghién ctru thiét ké, ché
tao cong gié tw dong s dung trong mo than ham
10” thoi gian thye hién 2019-2020;

+ Deé tai nghién ctru “Nghién ctru thiét ké, ché
tao thir nghiém hé théng quan ly giam sat va diéu
khién tir xa bang thé wifi phong né nham phuc vu:
giam st tinh trang thiét bi, ki€ém soat tinh trang the
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mo, do lwdong diéu khién tir xa dwa trén mang téc
do6 cao Ethernet va wifi phong né” thoi gian thuc
hién 2019-2020;

+ D@ tai nghién ctru “Nghién ctru thiét ké va ché
tao thir nghiém hé thdng gidm sat, diéu khién tir xa
cac ro-le bao vé ky thuat s6 mang cung cip dién
trong cac mo khai thac than him 1o TKV” thoi gian
thwc hién 2019-2020;

b) Trong linh vyc khai thac 16 thién:

Thuyc hién dé tai: “Nghién ctru thiét ké, ché tao
mot s6 phu tung xe tai ndng va xe chuyén dung”.
Két qua da nghién cty, thiét ké, ché tao thanh cong
mot s6 phu tiing chit lwgng cao phuc vu duy tu, stra
chira cac loai 0 t0 tai ndng va xe chuyén dung trong
Khai thac mo 16 thién nhw: Xi lanh gidm x6oc; truc
cac dang; xi lanh lai; bom tror lwc 14i... Hién nay,
doanh thu hang nam cuda Vién trong linh vyc cung
cap phu tung cho cdc mé 16 thién dat hang chuc ty
dong.

¢) Trong linh vuc sang tuyén, ché bién khoang
san:

- Thuc hién dé tai: Nghién ctu, tinh todn thiét
ké, ché tao bom huyén pht dung cho cic nha may
tuyén than, gép phén lam chd céng nghé ché tao
bom huyén phui cic loai st dung trong cac nha may
tuyén than. Sdn phidm cta dé tai di dwoc thw
nghiém thanh cong tai Nha may sang tuyén than
Vang Danh 1, m& ra mot hwéng san xuit san pham
méi dap &ng nhu ciu vé bom huyén phu cho cac
nha may sang tuyén, ché bién than - khoang san
trong nuwéc. Hién nay, Vién da g dung két qua dé
tai nay vao thiét ké, ché tao mot s6 phu ting may
bom huyén phu (canh bom; truc bom; vé bom...)
cung cap cho cac nha may tuyén than;

- Thuc hién dw an KH&CN (2015-2017):
Nghién cru cong nghé, thiét ké va ché tao mét s6
thiét bi chinh cho Nha mdy sang tuyén than Vang
Danh 2 cong sudt 2 triéu tdn/nam. T két qua
thanh cong cia dy an nay, Vién da hoan toan lam
chu thiét ké, cong nghé ché tao cac thiét bi chinh
trong cac nha may sang tuyén than tip trung c6 quy
mo 16m, tw dong héa & mikc cao. U'ng dung két qua
nay, Vién da ciing véi mot sé don vi trong TKV thuc
hién thanh céng go6i thau EPC Nha may sang tuyén
Than Vang Danh 2 véi gia tri trén 500 ty dong,
trong d6 phan doanh thu ctia Vién 1a trén 100 ty
dong.
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d) Trong cac linh vuc khac

Ngoai cac linh vuc truyén thong ké trén, giai
doan vira qua Vién con nghién ctru, xay dung, mé
rong cac linh vuc hoat dong khac, tao ra nhirng san
pham, dich vu m&i gép phéan thic diy qua trinh doi
mé&i, hién dai héa cong nghé cia nganh than -
khodng san, cu thé nhuw sau:

- Nghién ctru thiét ké, 13p dit day chuyén thir
nghiém hiéu suit dong co dién ba pha va dong co
phong no st dung trong hoat dong san xuat va ché
bién than - khodng san ctia Tap doan Cong nghiép
Than - Khodng san Viét Nam. Hién tai diy chuyén
thtr nghiém da dworc 13p dit hoan chinh, da dwoc
Van phong cong nhin chit lwgng (BOA) cip chirng
chi dat chuin phong thi nghiém quéc gia Vilas 458
va dwoc B6 Cong Thwong chi dinh la don vi thi
nghiém hiéu suit déng co dién. Viéc dwa phong thir
nghiém nay vao hoat dong sé gop phan loai bé cac
déng co chit lwong thip, tiéu thu nhiéu ning
lwong, gitip cac don vi san xuat TKV néi riéng va cac
don vi cong nghiép trong nwdc noéi chung déi méi
cong nghé, str dung nang lwong tiét kiém, hiéu qua.

- P4y manh viéc cung cip dich vu kiém toan
nang lwong cho cac don vi san xuit, ché bién than -
khodng san, tang cwong tw van vé mat ky thuat, cac
gidi phap tiét kiém ning lwong cho cac don vi, dong
gop vao hoat dong ddi m&i cong nghé, trang thiét
bi, giam tiéu hao nang lwong, tiét kiém chi phi, thian
thién moi trudng.

3. Pinh hwéng trién Khai thwc hién chwong
trinh giai doan ti€p theo

Mic du két qua tham gia thwc hién chwong trinh
KH&CN trong diém cip qudc gia phuc vu déi mai,
hién dai héa cong nghé khai thac va ché bién
khoang san trong giai doan vira qua cta Vién Co khi
Nang lwong va Mo da dat dwoc nhirng két qua dang
khich 1&, gop phan vao viéc hién dai héa cong nghé
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nganh Than - Khoang san. Tuy nhién, trong giai
doan t&i cling véi nhu ciu ddy manh cong tac co
gi¢i hoa, tin hoc hoa va tw dong hda trong san xuit
ctia TKV, van con nhiéu thach thitc, nhiéu van dé
can giai quyét nhw van dé ndi dia héa trang thiét bi
phuc vu co gidi hoa khai thac dac biét la khai thac
ham 10; vin dé tw dong héa san xuat theo huwéng
cong nghé 4.0; vin dé hiu khai thac md... Chinh vi
vay doi hdi tiép tuc c6 nhitng nghién ctru phu hop.

Trong giai doan t&i Vién Co khi Nang lwgng va
Mo - Vinacomin dé xuit mét s6 ndi dung trién khai
chwong trinh KH&CN trong diém cip Qudc gia
phuc vu d6i mai, hién dai hda cong nghé khai thac,
ché bién Than - Khoang san nhw sau:

- Nghién ctru hoan thién thiét ké, ché tao va
dwa vao st dung hé thong thiét bi chong gitr thuy
lwe phtt hop véi diéu kién khoang sang cac moé him
10 viing Quang Ninh;

- Nghién ctru hoan thién thiétké, ché tao va lap
dit hé thong thiét bi thong gié diéu khién tw dong
phuc vu khai thac than him 1o;

- Nghién ctru thiét k&, ché tao va lap dit hé
thong bom nwéc diéu khién tw dong cho hAm bom
trong mo6 ham 1o;

- Hoan thién thiét ké, cong nghé, ché tao ndi dia
hoa cic thiét bi chinh trong day chuyén sang tuyén,
ché bién bo xit;

- Nghién ctru thiét ké va ché tao, ni dia hba cac
trang thiét bi dién st dung trong nganh mo (Khéi
dong mém; bién tin phong né...);

- Nghién ctru xiy dung cac hé thdng tw dong
hoéa gidm sat, diéu khién tip trung déi véi cac hé
thong trang thiét bi; khu vyc san xuit tién tdi xay
dung hé théng tich hop giam sat, diéu khién tip
trung cho toan don vi sdn xudt, ché bién than -
khoang san;
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Nghién cttu cac yéu t6 anh huwdng dén mon gbi treot dan
hwéng may khau than trong khai thac than ham 16 ving Quang
Ninh

NCS. Lé Van Loit*, GS.TS. XuPing?, GS.TS. YuYingHua?, TS. ShenJiaXing?

1Vién Co khi Nang lwgng va Mo-Vinacomin, Viét Nam
2 Trwong Pai hoc KTCT Liéu Ninh, Trung Qudc

THONG TIN BAI BAO TOM TAT

g;‘f trll)r\l}.l'n 06/2021 Goi trwot dan hwdng may khdu than la mét by phdn thudc co cdu di chuyen
an bai 17/06/ trong qud trinh lam viéc nd di truot doc theo thanh dén va ndng do toan bg

Chap nhan 17/7/2021 khéi luong clia mdy. Do dé, dpluctrén bé mat tiép xic cia goi truotva thanh

bang online 19/12/2021 dan la rdt I6m, hon niva ché do ma  sdt gitka hai bé mat nay la ma sdt kho cé

Tir khéa- lan cdc hat mai, do vdy, lam g1a tang a‘ang ké nhiét do trén bé mdt ma sdt,

ddn dén lam tang nhanh qud trinh mai mon cia bé mdt nay Két qud nghlen
ctiu cho thdy, tdi trong tdc dung 1én goi truot déan hu'o'ng tdng lén khi lyc cat
trén tang khdu theo chiéu thang dirng tang 1én va phu thudc vao dé kién cé
cua via than, khi tdi trong tdc dung 1én goi trwot veot qud dé 16m cho phep,
cdn thay doi ché dé lam viéc cia may (gidm vdn téc di chuyen mdy) dé gidm
tdi trong lén g01 trwgt. Vivdy, tdc gla thuc hién nghlen cttu nhdm gidm thiéu
qud trinh vdn hanh khong tdi mdy khdu, két hop véi cdc ché dé lam mdt
cwdng birc bé mdt lam viéc cia géi truot. Tir dé gop phdn lam chdm qud
trinh mai mon, gia tdng tudi tho ctia goi trwot.

may khiu than, gbi treot,
dan hwéng, mai mon, ma
sat

© 2021 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.

1. M¢& dau phttc tap, méi trwedmg 1am viéc khac nghiét, d6 4m
cao nén cac thiét bi may mdc rat dé phatsinh hdng
héc, sw co.

May khiu than cé ciu tao phirc tap, thuc
hién nhiéu cong viéc khac nhau, do d6 cac by phin
clia nd rat dé bi mon héng, dic biétla géi trwot dan
hwéng, lam anh hwdng dén nang suat va thoi gian
van hanh ctia may. Trong qua trinh lam viéc, goi
truot bang va gdi trwot dan huwdéng (hinh 1) cling
chiu chung trong lwgng ban than may va tac dong
clia luc cat trén tang khiu. Vi vy nghién ctru cac
yéu t6 dnh hwdng dén do mai mon gdi truot dan
huéng, dé xult cac gidi phap khic phuc nham
nang cao tudi tho va do bén cua chi tiét la mét yéu
cau thuc tién hién nay.
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Trong nhitng ndm gan day, san lwgng than
khai thac hdm 10 ctia cic don vi trong TKV khong
nglrng tang lén. B4 1a nhd 4p dung cdng nghé mabi
va co gi¢i hoa khai thac & cac 10 cho co gidi hoa
(CGH) dong bd, str dung nhiéu may moc thiét bi
hién dai, trong dé c6 cac loai may khiu than nhw
may khiu 2 tang MG150/375-W & Cong ty than
Ha Lam, may khiu MG300/700-WDK & cong ty
Than Dwong Huy...

Viéc dwa cac may khiu than lién hop dong
bd co gi¢i héa vao san xuit da dem lai hiéu qua
cao, ning cao nang sudt, gidi phong strc lao dong
cho cong nhan. Tuy nhién, do diéu kién dia chit

*Tdc gid lién hé
E - mail: loileiemm@gmail.com
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Hinh 1. Twong quan Iap dit hé théng lién hop
mdy khdu-mdng cdo
1- mdng cao; 2- mdy khau; 3- goi truot bang
4- gbi truot din hudng; 5- ghim ray

2. Nguyén nhan mai mon géi trwot dan hwéng

Mai mon goi trwot dan huwdéng may khiu
than la do ma sat gitta bé mat lam viéc cua goi
truot dan hwéng va hang ghim trén mang cio 10
cho (hinh 2). Biéu hién chd yéu mai mon loai nay
1a sy bién d6i hinh dang va kich thwéc bé mat. Qua
ki€m tra thuc té cho thdy, géi trwot dAn huwéng sau
qua trinh str dung (hinh 3) bé mat A bi mai mon
nghiém trong, lwong mai mon c6 thé dat t&i 20
mm. Diu vét mai mon ciia mat bén héng B va C
cling twong ddi 16m. Nguyén nhan cha yéu la do
may khau lam viéc dwéi tai trong 16m va dé khong
bing phing ctia hang ghim ray trén mang cao 10
cho. Ngoai ra, nhiét d6 va nhiéu yéu té quan trong
khac cling la mot trong nhirng nguyén nhan. Dé c
giai phap thich hop nham gidm thi€u do mai mon
g8i trrot dAn hwéng can nghién ciru sau sic hon
cac yé'g t0 néu trén.

? e Y R ~ry
Hinh 2. Twong quan vi tri goi trwot dan huwdng
va ghim ray
1- G6i trrot dan hwdng; 2- ghim ray; 3-
mdng cdo 1o chg

2.1. Nguyén nhdn mai mon do tdi trong lo'n

Gdi treot dAn hwéng mot bod phan khong
thé tach roi clia hé théng dan kéo, né c6 3 tac
dung: chéng dé may khau, din hwéng di chuyén
trai phai doc 10 cho cho may khau, ddm bao cho
ghim ray cia banh ghim ray an khép chinh xac.

2.1.1. Tdi trong tdc dung lIén géi trwot

a. Trong lwgng ban than may

Trong lwong may khau la thanh phén chinh cda
tai trong theo phwong dirng, gdy anh hwdng truc
ti€p dén do 16m lwc ma sat va sw mai mon cta goi
trwgt dAn hwdng. Khi tai trong phap tuyén ting
1én, thoi gian ti€p xdc dai hon, hé s6 ma sat tinh
cang lén, béi vi tai vi tri ti€p xdc phat sinh bién
dang déo, dwdi tac dung cua ap lwc cao sé lam
cho qua trinh mon dién ra nhanh hon.

a. Mo hinh gdi dan b. G6i dan hudng sau
hwong thiét ké qud trinh st¥ dung
Hinh 3. G6i din hwéng trudc va sau qud trinh
swdung
1- lrong mai mon rat sdu

Loai bién dang nay dan t&i lam ting dién
tich bé mat tiép xuc thuc té va sy tiép xic dan
xen l4n nhau ctia bé mit vat thé tiép xuc, lam
tang hé s6 ma sat. Hé s6 ma sat ting dén mot
mttc dd nhat dinh ndo do sé& dan téi mai mon bé
mit ma ti€p xuc. Khi may khau lam viéc, lwc cat
luén thay déi, lam cho lwc tic déng 1én goi truot
dan hwéng thay ddi, theo do, lwc ma sat thay dai,
tire 1a lwe can chuyén dong thay ddi, 1am anh
hwdng dén toc do di chuyén cia may khiu.

May kh4au 2 tang loai MG150/375-W [(3%
¥, B9, I, 2006); CRHFE, 2006)] st
dung tai 10 cho co gi¢i héa (CGH) dong bo 11-
1.17 via 11 ndm & phia Tay khu khai thac via 11,
Céng ty than Ha LAm-TKV, c6 tdng trong lwgng
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dén 25T, dién tich tiép xdc ly thuyét cia goéi
trwot dan huéng khodng 0,1 m?; dé don gian
hoéa phan tich, gia thiét rang trong tAm nam & vi
tri tAm hinh hoc cia may khiu than, tai trong
ctia mdi chiéc gdi treot dAn hwéng nhan dwocla
déu nhau, tirc 12 mo6i mot goi trwot chiu trong
lwong cla % trong lwgng may khiu than. Thong
qua phén tich, ap lwc bé mat cta goi trwot c6 thé
dat dén 0,625 MPa. Trong thuc té€ san xuit, do
nén 160 khong bang phang, nén dwong truot cia
may khiu (ghim ray l3p trén thanh mang cao 10
cho) ciing khong bang phang theo. Do vay, tai
trong trén cac gdi trwot dan hwdng khong déu
nhau, tirc 1a s& c6 mot chiéc gdi tregt dan huwdéng
nao do co6 ap lwc 1é6n hon 0,625 MPa.

Twong tw, may Kkhiu 2 tang loai
MG300/700-WDK, st dung tai 16 chg CGH via
TT-11-8, mdé than Khe Tam, Coéng ty Than
Dwong Huy-TKV, c6 tong trong lwong dén 42T,
dién tich tiép xtic ly thuyét géi trweot din huéng
khoang 0,2 m?, twong tw nhw phan tich & trén,
ap luc bé mit 1én moi gdi truot c6 thé dat dén
1,05 MPa.

Trong lwong may khau cang 1én, thi ap lwc
dén bé mat goi trwwot cang 16, khi tai trong tang
1én, cic vung bién dang déo twong tic véi nhau
va toan bo vung dwdi cac dinh nhip nho bi bién
dang déo, lam nghiém trong hon dé mai mon
cua gobi treot dan hwdng.

b. Tai trong tac dung khi khiu than

G&i trrvot dan hwdng duwoc xem nhuw 12 chi
tiét nang d& toan b6 may khiu, phai chiu toan
bd trong lwgng G clia thAn may khiu than ciing
nhu luc cit Z va cac luc kém theo cta né trong
qua trinh cit tai cac via than gay ra. Trong lwong
ban than mdy khiu than 1a lwc thang ding, tac
dung chu yéu lén gbi trwot dAn hwdng; luc cat
va cac luc kém theo khién cho hé théng cac luc
tac dong 1én gdi dan hudéng theo cac phuong
khong 6n dinh.

Khi kh4u than, mdi dao cat trén tang khiu tac
ddéng vao gwong than mot lwe dd 1én can thiét dé
pha v& maéi lién két cta than va dwa ching ra
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khoi gwong than, d6 13 lwc cat diet. V3, theo dinh
luit 3 Newton, khéi than ciing tic dong tro lai
rang khdu 1 phén luc c6 gia tri dang bang lwc cit
dt, véi chiéu nguwoc lai. Phan lyc nay tic déng
vao tang khiu truyén dén canh tay lac, qua than
may roi truyén dén goi trwot va ghim ray dan
hwéng (13p trén thanh mang cao 10 cho).
- Lwc cdt cla rang khiu, theo [(FBZH L2,
1981); (XIEK, ¥ KB, =LA &, 2018); (X
F4E, FEM, (£E K% 2010)] taco:
h=h_sSing 0<¢ <7z,m (1)
trong do: ¢, - goc vi tri cla rang cit thi i trén
vong cung rang cat, do; h - chiéu day cat ctia
rang cat & vi tri thit i, m; h__- d6 day cat 16n
—V_q, m; v, toc do di chuyén
n.m
may khau, m/min; 7: toc d6 quay cua tang khau,
r/min; m: s6 lwong rang khiu trén mot dwong
x04n 8¢ trén tang khau, rang.
Do tinh chat khong déng déu va tinh phan lép
cda than, sw phan b6 tw do cua nhitng tap chat
kién c8 kep 1an, chiéu day cit cta tang khiu theo

nhit, m: hmax

d6 ma thay dd6i, bdi thé, gia tri ctia Z va 0, déu
bién ddi, lam cho gia tri cua Z_J khong 6n dinh
trong qué trinh may khau lam viéc.

Dién tich ving % tang kh&u sau khi cat, theo
[(BERH L ERE, 1981); (XK, #KTE, ikt
R &, 2018); (MFEE, FEMH, TEE &
2010)], ta cé:

ip.h (1-cosg,) @)

2 c" ‘max

khi ¢ =7 ta c6: S =D_h,, vOi: D- dudng

Py D Py .
S, :.!hidl :7.£ By -SIN @0 =

kinh tang khau, m; @, - géc bao ctlia tang khau
véi via than, @6 (hinh 4); dl - bién cta tich phan
D
¢u ’ dl =—tgp,M
2 @y
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Hinh 4. Sw thay do6i chiéu day cat cia tang khdu
a- truede khi cat; b- sau khi cat

Do chiéu dai vong cung l3p ring cat

| = Do, S, = l.h - chidu day cit trung binh

2
= S 1l-cos Lo — )
la h:T1: p Pu h.. khi@, = 7 chiéu
day cat trung binh cta tang khiula: j = g.h

max
T

D&i v&i rang cat nam & vi tri bt ky nao do,
lwc cat dwoc tinh theo [GRH 4, 2006); (X% K,
MK, @B &, 2018)], ta co:

Z=Ah_sina, kN (3)

Veé gia tri cta lwc di chuyén Y, va luc bén
hong X. Can c& kinh nghiém trong va ngoai

chuyén:
hong:

nwée, d0 lon  chaa  lwc di
Y=(0,5+0,8)Z, ctia lgc bén
X =(0,1+0,2)Z . Balyc nay s& thong qua than
may khAu than truyén dén gdi dan huwdéng va toi
mat ghim ray din huéng (dat trén thanh mang
cao 1o chg).

- Lyrc ¢t ciia tang khiu

Luc can cat ctia than tc dong 1én moi rang
khiu sé déu thong qua tang khiu, thin mady,
truyén dén goi trwot dan hwéng cia may khiu
than.

Hinh 5. Phin tich lwc trén tang khiu
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Tt (hinh 5) va theo [(FEZH V27,
1981); (Xl 5K, #K e, mkAR &, 2018), (X
&H4, FEM, LEL #E, 2010)], sau qua

trinh bién dai lwc cit tang khiu theo cac hwéng

nhw sau:
I:x = i in = i Xi
I;l |=1n
F,=D Fi=—> (ysing +zcosy)

1 i=1
F, F, = n (zsing, —y;cosg,)

i=1 i=1

Sl

Gia thiét lyc sinh ra do phan lwc cat tic dung
1én gbi trwot theo 3 phwong 1a lwc phap tuyén F,,
luc tiép tuyén Fy, lwc bén hong Fy (xac dinh hwdng
di chuyén ctia may khiu than la y, hwéng di
chuyén vé phia trwéc la chiéu dwong, hwéng phan
lwc clia mat dat 1én may khiu than la z, hwéng
vuong goc véi mat dat va hwéng 1én trén la dwong,
bén trai cia may khiu than la huwéng dwong cta
y). Bang 11a bang tong hop lwc tic dung ctia 1 tang
khiu téi gbi dan hwéng theo 3 phwong néu trén,
theo [(XIEK, # 1, w7 &, 2018); (RF
&, FEMS, TEEE 2010)) taco:

Bang 1. Luc tic dung trén goi dan huwdng do lwc cdt ciia 1 tang khdu gdy nén (chi 4p dung cho mdy
khdu than hai tang khiu)

TT Theo phwong z

Theo phwongy Theo phwong x

n

F, =D .(zsing —y,cosg )=

n

F,=Yc.z=

d?igt n - Fo= Z(Zicos¢i +y,sing, )= r::l
than =Zzi (sing, —c,cosg,) = o - =C2.z Ah_.sing,
gay N =Y Ah,,.sing (cosg, +c sing) "
nén =Y Ah_.sing (sing —c,cosg,) = =Ah_..C,.> sing,
= i1
Hé s8 ¢,=05+0,8 ¢, =0,5+0,8 c,=0,1+0,2

T (hinh 5) c6 thé thiy, s6 rang khiu thuc
té tham gia cat than 1a mot nira ctia téng s6 rang
trén toan tang khiu. Thong qua tinh toan thay
rang, néu ctr mdi rang khiu cach nhau 15° trén
cung 1 dwong cit, va c¢6 3 dudng cat, gia tri clia
lyc F, (tdc dung theo phwong z) khi hai tang
khau cung lam viéc, dat t&i khodng 36 Ahmayx; néu
nhw moéi rang khiu cach nhau 10° trén cung 1
doan cong va cé 3 dwong cat, luc F, sé dat dén
khoang 54Ahmay, (Ahmax 12 lwc cit tdi da cia mot
rang khiu don khi cit than va hién nay dat dén
18 kN).

Né&u ctr mdi rang khiu cach nhau 15° trén
cung 1 doan cong, va c6 3 dwdng cit, gia tri cia
lwc Fy khi 2 tang khau cung lam viéc, dat khodng
28,8Ahmax; Twong tw, néu khoang gidn cach cac
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rang khiu la 10°, luc Fy dat t&i gan 43,2 Ahmax.

Né&u cit moi rang khiu cach nhau 15° trén
cung 1 doan cong, va c6 3 dwdng cit, gia tri cia
lwc Fx khi 2 tang khau cung lam viéc 1a khodng
9Ahmayx; néu khodng gidn cach cac rang khiu la
10°, lwc Fy sé dat khoang 13,2 Ahmax.
c. Phan tich lwc

- Lwc cda gbi trwot nhian dwoc theo
phwong z 1a hiéu s6 cta trong lwgng G va F, (luc
tac dung cda tai trong phap tuyén do luc cit tao
ra), la nguyén nhan cht yéu gy nén sy mai mon
cia bé mat A (hinh 3b). Khi G > F,, viéc gidam
trong lwgng may khau than sé c6 lgi cho viéc
gidm thiéu téng lyc tic dung theo phwong tai
trong phap tuyén. Khi téng lwc cat do 2 tang
khau clung lam viéc tao ra F, > G, khi may khiu



2021

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA

(MEAE2021)

than lam viéc, sé xuat hién hién twong va dp, do
d6 khi tinh toan thiét ké, nén chon lwa tong
trong lwgng cia may khau than nén 1é6m hon luc
F, mot chat, dong thoi nén chi y thém dén do
mai mon cua goi treot din huéng va luc va dap
ciia may khau than.

- Lwc diy géi truwot dan huéng theo
phwong y 13 sw cin bang cua lwc kéo va luc can
chuyén dong. Do tinh chat bién thién theo thoi
gian cua tong lwc theo phwong z tic dung, lam
cho lwc can theo phwong y thay déi theo, gy ra
sw chan dong (giat) theo hwdng di chuyén, c6
thé dan téi hiéu (ng trwot dinh. Hiéu rng nay
con nghiém trong hon qua trinh mai mon géi
dan huéng.

- Lwc tc dong theo phwong x (Fy) khién
cho may khiu than c6 xu hwéng bi ddy nghiéng,
va c6 thé bi 1at nghiéng, d6 khai vi tri 1ap dat, khi
tién hanh khiu than. D€ khic phuc hién twong
nay, cac nha nghién ctru, ky sw trén thé gi¢i da
thiét k€ thém viu mo6c chdng 14t cho géi truot
dan hwéng. Khi tang khiu 1am viéc, sé xuat hién
lwc Fy, day 1a nguyén nhan chinh dan dén sy mai
mon bé mat B, C trong (hinh 3.b).

2.1.2. Phan tich sw mai mon géi trwot dan
hwdng do tdi trong

a. Mai mon do ma sat

Mai mon trén géi trwot dan huéng va
ghim ray ctia may khau than biéu hién 2 dang:
cdt vi md va nén troc tirng mang. Khi may khiu
than lam viéc, trong lwgng may khau va luc tac
dung cta via than lén thanh phan luc cit trén
tang kh4u theo chiéu thang dirng, sé lam cho da
trong than va bui than ép vao bé mit ma sat ctia
g0i trrot dan hudng va ghim ray, hat mai dwdi
tac dung ctia lwc ma sat khién 16p mai mon phat
sinh cac ranh cao xwdéc, lam cho bé mit ciia né
bi cit, cao xwdc, tao ra vét mai mon dang ranh.
bong thoi, dudi tic dung cta rng suit nén rat
16n, da trong than va bui than sé bi ép dén l6p
chiu mai mon khién n6 phat sinh bién dang déo,
tir d6 bé mit I&p chiu mai mon sé bi ép ra khoi
16p, hodc bong tréc tirng mang vo hinh vay ca.
b. Mai mon do dinh

Mon do dinh xay ra khi hai bé mait ran,

phang trugt so véi nhau. Dinh x4y ra tai cho tiép
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xdc & dinh cac nhip nhé dwédi tic dung cua tai
trong phap tuyén, khi sw chuyén dong twong doi
vat liéu & vung nay bi trwot (bién dang déo)
dinh sang bé mat déi ti€p hodc tao thanh cac
manh mon roi.

Nghién ctu co ché ma sat trén c6 thé
thiy, tai trong bé mat va nhiét do6 bé mit cda vat
liéu déi véi mai mon do dinh cda 16p chiu mai
mon goi trirot dAn hwéng 1 rat 1on. Ap sudt bé
mat dat t&i gia tri nhat dinh va sau mot thoi gian
sé phat sinh mon bam dinh. Tim dwoc tai trong
bam dinh cta ma sat gitra 1&p chiu mai mon goi
tregt dAn hwdng va ghim ray, va thong qua bién
déi vat liéu 16p chiu mai mon dén nang cao tai
trong bdm dinh, tién t&i gidm nhe sw xuit hién
ciia mai mon bam dinh trén ly thuyét l1a c6 thé
tién hanh dwgc. Ma st ciia goi trwot dan huwéng
may khau va ghim ray la ma sat trweot khé, yéu
t6 chu yéu anh hwdng dén dic tinh nhiét do la
toc db trwot vva ap lwc bé mat p, trong dé anh
hwong clda van téc sé 16n hon. Do dd, cé thé
théng qua gia tri gidi han v, p, dén phong ngira
bam dinh va gidm thiéu mai mon.

2.2. Anh hwémg ciia nhiét dp bé mdt ma sdt

Cac thtr nghiém ma sat hoc cho thay,
nhiét d6 1a nhan t6 quan trong, anh hwdng dén
qué trinh mai mon. D€ duy tinh nhiét do bé mat
ma sat ctia géi trrot dan hwéng may khiu than
trong qua trinh cong tac, tac gia da tién hanh
phan tich qua trinh nhiét cta géi trugt dan
hwéng véi cac thong sé co ban cia may khiu
than MG150/375-W dang hoat dong nhw sau:
trong lwong may khau G = 25 T; hé s6 ma sat
dong la: f =0,2; téc d6 trwot 13: 0,17 m/s;
dién tich tiép x0c ma sat cta goi trwot la:
1023,42 cm?; 6 day trung binh cta géi trwot
17,2 cm; hé s6 dan nhiét cta thép, 14y 1 =36,1
W/m.do; hé s6 dan nhiét ctia bui than, 14y 0,1
W/m.dd (hé s6 din nhiét cta bui than la
0,06+ 0,6 W/m.do, trong do gia tri clia n6 thay
déi theo d6 4m chta bui than); nhiét d6 moi
treong mo ham 1o 1a 26°C; qué trinh truyén
nhiét dwgc don gian héa 1a trang thai dan nhiét
duy nhat, nhiét lwong cén thiét tda ra trong qua
trinh din nhiét trén mot don vi dién tich (tinh
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toan theo 85% clia cong ma sat), theo [(Nguyén
Pang Binh, Phan Quang Thé, 2006); (Pinh Van

Chién, 2008); (Trinh Vian Quang, 2016);
(Nguyén Doan Y, 2005) (BLEETR, 1990)] ta co:
L —two 5

WO R
Z RM |
Trong dé: q- mat do dong nhiét, W/mz2;
twi- nhiét do bé mat tiép xic, °C; two- nhiét do
mdi trwdng, °C; R, -nhiét tré din nhiét cda

q= )

vach phing, cm2.do/W;J - d6 day cta vat liu
din nhiét, m; A - hé s6 dan nhiét, W/m.do.

Trong tinh toan, gia thiét d6 day che phua
cua bui than 1a 20 mm, khi c6 mot dong nhiét q
= 1250 W/m? dan qua. Khi d6 nhiét do6 bé mit
ti€p xidc c6 thé dat dén 280 °C. Ma két qua thi
nghiém trén hinh 6 cho thay, khi nhiét do la
200°C, anh hwdng cta téc do trwot doi voi sw
mai mon so véi dnh hwéng cua nhiét do phong
va nhiét do6 tang cao déu nghiém trong hon. Va
khi téc dd truot clia gdi tregt dan hwéng1a 0,17
m/s, dd mai mon twong ddi nghiém trong. T
hinh 6 cho thay, khi nhiét do thip hodc téc do
giam, déu c6 thé 1am chim qué trinh mai mon.

5

Hé s0 ma sat

300[

200

100

Toc d6 mon x10-5/mm3

/l
0 02 04 06
Toc do trueot m/s

Hinh 6. Anh hwéng ciia téc do trvot doi vei sw
mai mon
dwdi cdc nhiét do khac nhau
1- Nhiét doé phong 2- Nhiét do 200°C; 3-
Nhiét dé 400°C;
Twr cong thirc (3-1) ta co:

0.8
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t

_lwi _tw2

R +R,

(6)
t,, =1250.(3,5.10° +0,2)+ 26 = 280 °C

Trong do: Ry, Rz- nhiét tré dan nhiét lan
lwot cua lép vat liéu géi trwot din hwéng va
than, m2.d6/W; q - mat d6 dong nhiét truyén
qua, W/m2,

2.3. Cac anh hwéng khac

Puwong di chuyén, vit liéu st dung dé
ché tao gdi trwot bing, géi din hwéng, banh
rang dan hudng, ghim ray, ki thuat gia cong cac
chi tiét, linh kién, st dung vit liéu chong mai
mon, va moi trwedng hoat dong déu sé anh
huwéng dén qua trinh mai mon cta géi dan
hwéng & cac mirc A khac nhau.

- Pwong di chuyén: ghim ray ldp trén
mang cao 10 cho la dwong di chuyén cua goi
trwegt dAn huéng. Sw khong dong déu ctia thanh
ghim ray lam tidng thém d6 nham bé mat lam
viéc ctia chung, khién nhiét dé6 vung lam viéc
tang lén, lam nghiém trong hon qua trinh ma
sat, mai mon clia goi treot dan huwdéng. Sw khong
bing phang clia mit mang cao 10 cho, trwdc hét
12 do sw khong bang phang bé mat cia mot bd
phan ranh ridng, tiép theo 1a do d6 cao khéng
dong nhat gitra cac ranh ghim ray lién ké nhau.

- Vat lidu ma s&t [(Dinh Van Chién, 2008);
( &, 1990)] va cdu tric vi mo phan ti trén
bé mat ti€p xdc 1a moét nhan t6 quan trong, anh
hwong dén qua trinh mai mon, tir nhirng phin
tich trén c6 thé thay, gbi trvot dAn hwdng 1a mot
bd phéan chiu lwc quan trong ctia may khau than,
yéu cau doi véi vat liéu ché tao cin phai c6 do
bén, dd déo rat cao. Bé mat ti€p xic clia cdc mat
A, B, C trén (hinh 3) yéu cdu can phai cé kha
nang chéng mai mon rit t6t. Téng hop yéu ciu
d6i véi gdi treot dAn hwdng 12 rat rat cao, tuy
nhién, rit khé tim dworc loai vt liéu trong thuc
té dong thoi vira dat dwoc d6 bén cao, d6 déo dai
va lai c6 kha ndng chong mai mon cao. Chinh vi
1y do nay, cac nha san xuit trong va ngoai nwéc
da tién hanh mot phwong phap dac biét, d6 la
pht mét 1&p vat liéu chong mai mon 1én bé mat
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ma sat clia goi treot dan huwéng. Sy hoa hop cia
hai loai vat liéu nay (vatliéu nén va vatliéu phu)
chinh 1a k§ thuit miu ch6t cia phwong phap
nay. Rat nhiéu cac tac gia trong nwéc cling da
tién hanh nhiéu cic nghién ctiu vé kha niang
chéng mai mon cta khong chi géi truot dan
hwéng, ma con nhiéu chi tiét va bd phin ma sat
khac. Hién nay, viéc sttr dung vat liéu chiu mai
mon va cong nghé xi ly d6i véi 1¢p mai mon dac
biét nay la nhitng phwong phap nghién ctru cha
yéu. Tuy nhién, vin dé& mai mon nghiém trong
ciia g6i treot dan hwéng van xay ra va van can
dworc nghién ciru d€ tim ra nhirng cong nghé xt
ly bé mat t6t hon, nham giai quyét tdt hon tinh
trang mai mon cua no.

3.Kétluin

Cac thong s6 lam viéc cia may khiu than
thay doi trong qua trinh hoat déng, khién qua
trinh mai mon ctia gdi trwgt dan hwéng thay doi
phtic tap hon. Cho dén nay chwa cé bit cit bién
phap tuyét d6i nao dé c6 thé khong ché dugc
qué trinh mai mon cda géi trwot dan hudng.
Lam chadm qua trinh mai mon cta géi trugt dan
hwéng la kéo dai thoi gian hoat dong cia né mot
cach hiéu qu3, dé 1a gidi phap hop ly. Theo do, sé
gidm dworc thoi gian dirng may, gidm chi phi phu
tung thay thé, tiét kiém chi phi, ting san lwong
va nang suit khai thac.

Tiwr két qua nghién ctru, c6 thé rat ra két ludn
sau:

- Khi trong lwong clia may khiu than 1én
hon thanh phan lwc cat trén tang khiu theo
chiéu thang ding do may khiu lam viéc sinh ra,
c6 thé tranh dwgc sw mit 6n dinh trong hoat
dong ctia may. Tuy nhién, khi trong lwong vwot
qua mirc tai trong an toan cta may, sé dan tdi
viéc gbi trwot dan hwdng bi mai mon nghiém
trong, tang chi phi vat liéu ché tao, tang chi phi
nang lwong van hanh.

- Lwc cét cua tang khiu c6 thé 1am gidam
lwc tidc dung cla trong lwc 1én g6i trwot dan
hwéng. Do d6 trong qua trinh st dung, cin giam
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téi da viéc vin hanh may khiu than khong tai,
dé gop phan lam chidm qua trinh mon cta goi
dan huéng.

- Suw ting nhiét do bé mait cta gbi dan
hwéng do qua trinh ma sat sé dan dén 1am ting
toc dd mai mon cla goi trwot dan hwdng, viéc
lam mat thich hop bé mat ti€p xic cta goi sé gop
phan lam chdm qué trinh mai mon.
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Research on Impact factors of Wearing Mechanism of Shearer Guide Skid
Supports in Coal Underground Mines Exploiting in Quang Ninh Province,
Vietnam

LeVanLoil, XuPing? YuYingHuaZ Shen]iaXing?

1[nstitute of Energy And Mining Mechanical Fngineering
Vietnam National Coal-Mineral Industries Holding Corporation Limited
2Liaoning Technical Univesity (China)

Abstract: Wearing mechanism of shearer guide skid supportis a part of the moving mechanism.
In the working process, it is slid along the linear rack and supports the whole weight of the shearer.
Therefore, the pressure on the contact surface between the guide skid support and the linear rack is
extremely high. Moreover, there are a number of abrasive particles on this surface. Hence, there is an
increase in temperature on this surface. This leads to a dramatic growth of abrasive process on
contact surface. The result of the research shows that the pressure on the shearer guide skid support
increases when the cutting force on the cutter drum is vertical and depends on the durability of coal
seam. When the pressure exceeds the permissible pressure on guide skid support, it is necessary to
change operating conditions of shearers, specifically decreasing moving velocity in order to reduce
the pressure on the guide skid support. This article aims to minimize unload operating process of
shearers associating with forced cooling conditions on operating surfaces of guide skid supports. This
reduces abrasive processes and increases guide skid support life.

Keywords: shearer, skid supports, wear, friction
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M6 hinh diéu khién sé6 mot qua trinh san xuat
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THONG TIN BAI BAO TOM TAT

%‘1‘3 tr{)r\l}.]'n 06/2021 Ung dung ky thudt tinh trong tw déng didu khién la mét trong nhitng ddc
an bai 17/06/ diém quan trong bdc nhdt trong nén cong nghiép hién dai ngay nay. Cac linh

Chap nhan 17/7/2021 vwee cong nghiép, giao thdng van tdi, hé théng thong tin truyén théng va qudn

bang online 19/12/2021 Iy bdo vé moi truwong toan cdu phu thudc va lién quam mdt thiét véi hé thong

Tir khéa: mdy tinh diéu khién. Diéu khién s6 qua trinh cong nghé khdc nhiéu so véi xir

Diéu khién qua trinh, diéu
khién s6, qud trinh cong
nghé, mo6 hinh hé thong,
diéu khién theo chwong
trinh

lyso liéu thong tero'ng Giéng nhw trong cdc mdy tinh ngay nay, cdc dir liéu
vao la dang s6 hay cdc ky tu, do dé chiing cd thé dwoc luu triv hodc trao doi
thong tin thong qua nhiéu vdt mang thong tin khdc nhau. Nguyen tdc diéu
khién sé truc tiép dwoc ting dung nhiéu trong cdc hé thong diéu khlen bang
mdy tinh hién dai ngay nay. Nhuwoc diém ctia hé théng diéu khién s truc tlep
phu thudc vao dé tin cdy cua hé théng mdy tinh trung tam, vi thé cé thé khdc
phuc dwoc nhwoc diém trén bing cdch Idp ddt hai hé thong may tinh dién tir
trung tdm lam viéc dw phong song song, didu nay cé thé lam tang gid thanh
dau tw hé théng dleu khién lén mot cap Ni dung bai viét nay trinh bay mé
hinh dzeu khién s6 mot s6 qua trinh céng nghé chung va nguyen tdc diéu
khién sé gidn doan cho mot mdy ép nhwa tong hop sdn xudt dé nhwa véi cdc

thudt todn diéu khién s6 riéng cho tirng khdu.

© 2021 Trwirng Pai hoc M6 - Pia chdt. Tdt cd cdc quyén dwoc bdo ddm.

1.M¢ dau

Ung dung ky thuat tinh trong tw dong diéu
khién 1a mét trong nhirng dic diém quan trong
bac nhat trong nén cdng nghiép hién dai ngay nay.
Cac linh vuc cong nghiép, giao thong van tai, hé
théng thong tin truyén thong va quan ly bao vé
moi treong toan ciu phu thudc va lién quam mét
thiét véi hé thdng may tinh diéu khién. Thyc tién
& cac qudc gia c6 nén khoa hoc ki thuit phat trién
chi ra rang; hau hét cac hé thdng ha tAng ky thuat
tir giao thong van tai dwong sat dén van hanh diéu
khién 10 phan rng dién hat nhan khéng thé thiéu
hé thong diéu khién du thoé so hay hién dai. Hé
thong may tinh dién t s6 (trong d6 c6 ca cac may
tinh dién ca nhan PC) giir vai tro miu chét va quan
trong. ’'ng dung may tinh dién tir trong diéu khién
qua trinh cdng nghé dwoc thir nghiém du tién vao
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nam 1959 trong nganh cong nghiép hoa diu thudc
tdp doan “TEXACO” bang Tecdat Hoa Ky. Tap
doan TEXACO két hop v&i hdng may tinh dién ti
Thomson Ramo Wooldridge ché tao va thw
nghiém mdy tinh diéu khién mang tén RW300.
May tinh RW300 dworc ché tao trén co s& st dung
cac bong den dién t&r chan khong thyc hién cac
chirc ndng kiém soat nhiét dg, ap suit, nong do va
lwong tiéu hao cip liéu vao va tinh todn nhirng tac
dong diéu khién can thiét cho qua trinh cong nghé
loc ddu nhidm chi din cho nguoi digu do diéu
khién bang tay cac thao tic can thiét. Mot budc
tién hét stic quan trong dwoc ghi nhin vao nam
1962 baéi tip doan cong nghiép hoa chat Anh ICI
(Imperial Chemical Industries) dat hang hé thong
tich hop diéu khién s truc tiép. Nén tang cua y
twdng ban dau trong hé thong diéu khién nay la
thay thé cac bo diéu khién theo nguyén tac twong
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tw trwdc diy thanh bo diéu khién sé dwoc diéu
khién qua mdy tinh trung tim. Nhirng tim Panel
diéu khién c6 kich thwéc khong 16 va gid thanh cao
vGi hang tram nat diéu chinh twong tw, co ciu tw
ghi dworc thay thé bdi vai thiét bi dAu cudi nho gon
va thuin tién giong nhw ngay nay (I'ycras OJiccoH,
bkanryucto, 2001).

2. Mo hinh hé thong diéu khién s6 cong nghiép

Nhitng (rng dung dién hinh vé diéu khién s6
thudng c6 méit phd bién & rat nhiéu noi trong san
xudt cong nghiép hién dai, kh&i dau tir diy chuyén
san xuit san phim tiéu dung dén san phim coéng
nghé cao. Trong cac xe 6 t6 hién nay, ngwoi ta st
dung céc bo vi xtr Iy dé diéu khién thoi diém danh
1ra, bo trén nhién liéu cling nhw hé thong diéu hoa
khong khi trong buéng hanh khach.

Vi du minh hoa d4u tién vé hé théng diéu khién
sO c6 thé ké ra d6 la hé diéu khién trong cong
nghiép hoda chat hodc diéu khién mot hé thong nha
ga dwong sat c& 16n hay diéu khién quy dao bay
ctiia mdt con tiu vi tru. C6 thé hinh dung la tit ca
cac hé théng diéu khién nay déu c6 nhirng khoi
chtrc ndng diéu khién giéng nhau nhw: khéi thu
thap dir liéu; cac bd dinh thoi hay cac khoi diéu
khién ngat; vong lién lac phan hoi; giao tiép trao
doi thong tin véi cdc mdy tinh diéu khién khac va
twong tac diéu khién ngwoi - may tinh (HMI).

Nhin chung hé théng diéu khién s6 cac qua
trinh cong nghé dwoc bao gbm tir nhitng thanh
phan co ban sau day (hinh 1).

Cam bién » AD&DA > Mang

va cof ciu [ (3) * truyén

thira hanh thong
(4) - * (2)

Qua trinh

céng nghe
(5)

May tinh
diéu
khién (1)

Hinh 1. So d6 khoi hé thong diéu khién sé cdc qud trinh céng nghé

1. May tinh diéu khién;
2. Kénh truyén dan thong tin;
3. Cacbo bién doi so - twong tw va twong tw

-s6 (AD & DA);

4, Cac cdm bién do lwong va co ciu thira
hanh;
5. Céc qua trinh céng nghé cu thé.

Cac qua trinh vat ly dwoc kiém soat nho cac b
cam bién thuc hién chirc nang bién doi thong s
dai lwong vatly thanh tin hiéu dién (dong dién hay
dién 4p) . Cudi cung cac dai lwgng dién dwoc bién
d6i thanh nhirng tac dong vat ly nhw chuyén dong,
dich chuyén, quay phuc vu cho cac muc dich khac
nhau (d6ng mé van, ...). Vi du vé co ciu thira hanh
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c6 thé la: déng co servo; van thuy luc; van khi nén;
VV. ...

Hé théng diéu khién sd lam viéc chi v4i thong
tin dwéi dang s6 hod, vi vy nhirng tin hiéu nhin
dworc tir cc b cam bién do lwong can phai dwoc
xtr Iy s0 hoa nho bd bién ddi twong tw sd. Nhirng
thong tin ctia cac d6i twong diéu khién tir khoang
cach xa dwoc truyén qua kénh truyén tin dén may
tinh diéu khién trung tim dé thuc hién cic nhiém
vu:

-thu thép tat ca cac thong tinh vat ly tir qua
trinh;

-ra 1énh diéu khién twong ng vi thuét toan
ctia chwong trinh xtr Iy tin hiéu;
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- phat 1énh diéu khién dén bé phan thuc thi
nhiém vu (co ciu thira hanh);

- phat 1énh diéu khién dén bd phan thuc thi
nhiém vu (co ciu thira hanh);

- trao d6i thong tin véi ngwoi diéu khién va
thuec thi 1énh cda nguwoi diéu khién.

Nhitng may méc dwgc diéu khién theo chwong
trinh véi nguyén tac s6 (Numerical control - NC)
san xudt ra san phadm cé d6 chinh xac cao thwong
van hanh theo quy trinh céng nghé chudn muec,
theo mét trinh tw thit tu thao tac xac dinh nao dé.
Nhitng c6 may nay duwoc ing dung trong moi linh
vure san xuat cong nghiép, trong dé sw lam viéc cia
ching hoan toan phu thudc vao chwong trinh
phan mém diéu khién cho trwdc va cé thé thay thé
mdt cach nhanh chéng va dé dang. Tinh mém déo
cda cac ro bot cong nghiép va tinh da dang ctia cac
thao tdc ma ching thuc hién déu do cac may tinh
diéu khién dam nhiém. Néu mdt trong cac ro bot
bi suw c6, ré bot khac c6 thé thuwc hién chirc nang
thay thé nham duy tri hoat dong binh thwong clia
toan bd hé thong (Boponos A.A, 1996). Trong hé
théng mém déo nhw vy, swhoat dong ciia tirng cd
may riéng 1é va moi twong tac gitta ching véi nhau
dwoc diéu khién théng qua mot may tinh diéu
khién trung tam.

Ky thuit tinh toan va diéu khién dwoc tng
dung trong nhiéu nganh coéng nghiép khac nhau
nhw: cong nghiép hoa chét ; luyén kim; san xuit
gidy va xenlul; v.v. ... Nhitng qua trinh c6ng nghé
khac nhau thwong c6 nhirng mdi lién hé, gitra
ching nhitng dong vt chit thwong xuyén chuyén
déng qua lai. Nhitng quy trinh san xuit nhw vay
mang dic diém cua san xuitlién tuc (hang loat) vi
vay do tin ciy la yéu té quan trong hang dau. Ngoai
ra véi hé théng nay, cac so liéu do dac la rit 16m,
khodng do thoi gian cia mmot qua trinh ciia mot
xi nghiép tir vai gidy dén vai ngay, con pham vi khu
vure san xuat rat rong

Hé thong dién thudcloai c6 do phirc tap ratlém,
no6 bao goém cac ngudn san xuit dién nang nhu:
thuy dién, nhiét dién, dién hat nhén, ... va hé théng
truyén tii va phan phdi dién nang quéc gia vo cing
phirc tap. D€ mé ta hé thong nang lwong dién vi du
cho mét qudc gia nho bé, can thiét 1ap hang nghin
phwong trinh cho may phat dién, tuéc bin, dwong
day tai dién va cac phu tai ctia hé théng. Dién nang
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khong thé dworc tich trir véi s6 lwong 1o6n & mot
khAu nao do trong hé thong ma vi thé viéc san xuat
ra dién nang dong thoi voi tiéu thu no trong cling
mot thoi diém. Viéc diéu khién qua trinh san xuit
dién ning va céng tyac truyén tai phan phoi dén
cac ho tiéu thu ccan phai dap rng nhanh va chinh
xac. Dé dat dwoc diéu nay, ngoai hang loat cac can
ct khac, bd phén diéu do can theo doi phu tai cia
cac ho tiéu thu dién tham chi ca khoang thoi gian
cla cac chwong trinh phat song truyén hinh hay tir
ldc bat dau dén khi két thic.

3. Hé thong diéu khién s6 qua trinh ép nhya
tong hop san xuit vat dung

Qua trinh ép nhwa trong cdc nha may san xuit
vat dung nhwa tdng hop 1a mot day chuyén cong
nghé hoan chinh c6 tinh lap lai. Piéu khién qua
trinh ép nhya - mét kha ning (rng dung dién hinh
hé diéu khién s6 str dung mdy tinh dién t.

May tinh cin phai dong thoi vira diéu chinh
nhiét d6 phu hop vira xac dinh trinh tw cac thao
tac cong nghé. Khi ap dung phwong phap lap trinh
thong thwong thi bai todn xiy dung cau truc
chwong trinh diéu khién tré nén bat kha thi vi thé
can phai tiép nhan cach tiép cAn mai.

Sor d6 cong nghé ép nhwa dwoc trinh bay trén
hinh 2. Budng cip nhiét dung dé niu chay nhua
nguyén liéu. Nhiét d6 cia nhwa ép can dwgc khong
ché & mot gia tri xac dinh. May tinh diéu khién do
dac nhiét d6 bubng cip nhiét theo chu ky va tinh
toan lwgng nhiét can thiét d€ duy tri 6n dinh nhiét
d6. Phan dwéi cla so d6 ép nhua la xi lanh ép, n6
c6 tac dung didy mot lwong nhwa néng chay can
thiét qua dau dun ép. Khi pit tong nam & cudi bén
phai ctia xi lanh, nhwa ndng chay chira day khoang
cuia xi lanh ép. Khi pit tong ép chuyén dong tir phai
qua trai, ap lwc dwgc tao ra sé ddy nhwa vao khudn
qua dau dun. Vi tri cta pit tdng ép dugc ki€ém soat
thong qua cam bién chuyén déng cta pit tong.
Chuyén dong tinh tién cua pit tong ép sé dirng khi
mady tinh nhin dwoc s6 xung can thiét cho trudc
vé vi tri cda no.

DE& dam bao ning suit ép clia may, nhiét d6 cta
nhwa cin khéng ché 6n dinh trong sudt qua trinh
thwc hién ép tao san pham. Hé théng diéu khién s
bang may tinh cin kiém soat nhiét do va chuyén
déng cta pit tong déng thoi. Ngoai ra, con hai cdm
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bién vi tri cudi phai va cudi trai cla xi lanh ép sé
tao ra tin hiéu dang nhi nguyén dén may tinh diéu

Pigu khién cip nhiét

khién khi pit tong dat diém dau va cudi ctia néd
trong hanh trinh.

Nhiét do
Chim xung
P Miy tinh
i lanh thuy hee dieu khién
qua trinh ép
L nhua
Cam bién Ttrai fohai
chuyén déng |
Khudn ép nhua
Cudi phai

Cudi trai

Hinh 2. So d6 cong nghé ép nhua

4. Thuit toan diéu khién gia nhiét cho nhwa
theo nguyén tic gian doan

Diéu khién gidn doan la thiét lap dwoc khoang
ludn phién gitra cic nhiém vu diéu khién. Vi bai
toan cu thé dit ra nhw vi du trén, cd hai truong
trinh diéu khién doc 14p déu dwoc thuc hién trén
mot mdy tinh 1a: mot chwong trinh diéu khién
nhiét do va mot diéu khién di chuyén cua pit tong
nén.

Phuwong phap bao hiéu, dwoc goi 1a diéu khién
gian doan dwgc str dung dé chuyén chirc nang
thwc hién cia b x ly trung tam tir mot chwong
trinh diéu khién nay sang chwong trinh diéu khién
khac. Thuc chit ciia vin dé diéu khién gian doan
la nhitng tin hiéu bén ngoai thong bao cho bo xtr
ly trung tAm biét vé sw xuit hién ctia chudi cac sw
kién, nhitng sw kién nay do cic cam bién gii dén
nham yéu cau bd x Iy trung tAm ngirng x 1y
chwong trinh hién thoi dé chuyén sang chwong
trinh diéu khién khac (Olsson, Gustaf, 1985). Nhw
vay, tin hiéu bén ngoai tham gia vao qua trinh thuc
hién cac modul chwong trinh khac nhau. Nhw vay
diéu khién gian doan luén c6 yéu t6 thoi gian di
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cung. Cac bo dinh thoi trong may tinh diéu khién
s& 1am nhiém vu tao ra cac tinh hiéu ngit chwong
trinh diéu khién hién thoi sang mot chwong trinh
khac khi c6 sy xuat hién cta tin hiéu bao hiéu hay
mot khoang thoi gian quy dinh nao doé.

Lwu d6 thuit todn diéu khién may ép nhya nhw
sau:
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Bit dau

- Do nhiét 46

- Tinh thoi gian cip
nhiét cin thiét

- Thiét |ap bién
nhiét- thai gian <10
- Bong mach nhiét

!

Thoi gian tré

:

Ngat mach nhiét

]

Thei gian che

Hinh 3. Lwu do thudt todn diéu khién mdy ép nhwa

Thai gian tré cép
nhiét (s)
>

— .
Mgirng chuong trinh
theo b§ dinh thoi

Chér thivi diém tiép tuc
thue hién chuong trinh

—_—
.‘—
Ngimg chuong trinh
theo bd dinh thai

V&i phwong phap diéu khién gian doan, bai
toan diéu khién nhiét d6 dwoc thuc hién bang
chwong trinh diéu khién nhiét do. Sw gidn doan
cda chwong trinh diéu khién theo thoi gian dwoc
thuc hién nho bién nhiét - thoi gian trong chwong
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trinh diéu khién xac dinh. Khi bat dau cip dong
dién cho day dét, chwong trinh diéu khién nhiét do
sé khadi dong bo dinh thoi va cho tin hiéu diéu
khién ngat tiép theo dé tiép tuc thwc hién chuwong
trinh (ché do cho).

5. Thuit toan diéu Khién s6 qua trinh ép nhya
theo nguyén tic gian doan

Ciing twong tw nhw trén, chwong trinh diéu
khién di chuyén pit tong ép nhwa v6i hai tin hiéu
b4o ngat gian doan d6 1a: tin hiéu tir cAm bién vi tri
cu0i trai va mot 1a tin hiéu cdm bién vi tri cudi phai
clia pit tong ép. Qua trinh ngit gian doan duworc
thwc hién twong rng véi 1énh diéu khién dang
wait_interrupt(x), trong dé x la ky hiéu kénh tin
hiéu vao ngat. Thuat to4n wait_interrupt thuc thi
1énh dirng tirc thi chwong trinh dang thyc hién va
tiép tuc thwe hién tiép khi va chikhi c6 tin hiéu bao
hiéu tir bén ngoai yéu cau.

Hé thong diéu khién gian doan cho phép bd
xtr Iy trung tAm chuyén thuc hién tir chwong trinh
nay dén chwong trinh khac theo tin hiéu nhan
dwoc tir bén ngoai yéu ciu. Néu cic modul chwong
trinh diéu khién 1a doc lap véi nhau thi viéc bo
sung mot vai modul chwong trinh khoéng anh
hwdng dén sw lam viéc chung cia hé théng diéu
khién gian doan va khong thay d6i ciu tric cé san
ctia hé thong diéu khién.
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:'-".

- Bat dau di chuyén pit tong sang
phai

- Tiép nhan va x(r Iy thong tin ngat
tir cac vij tri cudi

Chér ngat dimg

!

- Dimg pit tong
- n =0 (thiét 1ap bd dém xung)

- gét d3u di chuyén pit téng sang
trai

Dirng pit téng

Hinh 4. Lwu do thudt todn diéu khién sé qud trinh ép nhwa theo nguyén tdc gidn doan
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6.Kétluin

Hé théng diéu khién s6 dwoc stir dung ngoai vai
tro chirc nang diéu khién thiét 1ap trinh tw thao tc
trong cong nghé néi chung, n6 thuwc hién mot sé cac
chirc nang nhiém vu khac nhw: nhan biét cac tin
hiéu khan cip va xtr Iy cac tinh huéng nay hiéu qua
nhat. Ngoai ra né con thu thip cac théng tin hién
thoi cta hé thong, tinh toan thong ké cac dir liéu,
hién thi cac thong tin trang thai cia hé théng cho
nguoi diéu dé biét va thuc hién cac 1énh diéu khién
tir ngwoi diéu do. Véi nodi dung bai viét nay, tac gia
mong muén gidi thiéu dén doc gid vé md hinh hé
théng diéu khién s6 cic qua trinh san xuit céng
nghé noi chung va dwa ra mo hinh diéu khién s6
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cho mdy ép nhwa tong hop trong san xuat d6 vat
dung nhya.
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Nowadays, flowmeters are widely used in variety industrial fileds such as
LPG, paint, oil refining, thermal power, etc. The reading value is used for
controlling or adjusting the system. It is necessary to maintain the
accuracy of those devices. Generally, those devices are calibrated
periodically. Calibration is a comparision between the reading value of a
device under test and that of the standard or reading value of a master
device. The master devices must be already calibrated. The satandard
value is also called reference value. Reference value is determined in many
ways. The accuary depends on the industrial standard or customer
expectations. Flowrate is the quantity of liquid (volume or mass) per unit
time. Thefore, it’s evident that the total quantity of liquid and the
respective collection time are basic parameters to obtain the reference
flowrate. There are variaty of methods used to determine the reference
gas flowrate. This paper depicts the research of using hydrostatic drive for

building the low operation pressure gas flow meter calibrator.

Copyright © 2021 Hanoi University of Mining and Geology. All rights reserved.

1. Introduction

Flowmeter is a device used to obtain the quantity
of fluid per unit time. Depending on the physical
property of luiquid those flowmeters are divided
into 3 categories: liquid flowmeter, gas flowmeter
and steam flowmeter. The quantity of fluid is
determined by the mass or the volume. Generally,
liquid are considered as incompressible fluid in
most industrial application. In contrast, the
volume of certain gas/steam changes when
pressure and temperture change. However, in
partycular situation the gas can be considered as
incompressible fluid such as gas flow in pipe when
different pressure is small enough to neglect and
the velocity is under 20 m/s. Flowmeters provide
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the reading values which are in put signals of
controller and monitor system. For instance, LPG
(Liquefied Petroleum Gas) is a flammable gas. It
consists of some hydrocarbon gases. Propane
(CsHg) and butane (C4Hip) are two largest
percentage particle gases. The vapour pressure of
LPG is dependent on the temperture as well as the
ratio of mixture of hydrocarbons (Phan Tu Bang,
2003). The ratio of propane and butane is
determined by the flow rate of pure propane, pure
butane flow from respective separate pipes. So
the reading values of these devices are important
input signal of controller. The quality of LPG is
strongly influenced by the accuracy of the
flowmeters. It's necessary to maintain the
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accuracy and the reliability of flowmeters. Mostly,
these devices are calibrated periodically for
adjusting the factor of the measuring instrument.
The period time must be accorded to the standard
or requirement. The calibration can be take place
at laboratory or site. At laboratory, the flowmeter
is inserted in the test system that is also called
device under test (DUT). The reading value of
DUT is comprared to the standard value. The
standard value is determined in certain quantity
of gas under specified condition (pressure,
temperture). On the other hand, site calibration
means comparion between the reading value and
the reference value obtained by master
flowmeter. There are several proposal methods to
determine the standard value. The rate of mass
flow is determined inderectly from measuring the
temperture, pressure, volume then using the state
equation for ideal gases. The volumetric of gas is
determined by using a precision bore tube and a
free floating piston which can reciprocates
without friction inside the bore. To reduce the
friction force the piston is lubricated by a ring of
mercury. The o ring mecury also cover the seal
function. Pressure in the closed volume is equal to
the static pressure created by the gravity of the
piston. The schematic diagram of test system is
illustrated as figure 1 (J.0. Hylton and C. ].
Remenyik, 1999) and (John D. Wright and Pedro
I. Espina, 2000). The similar design uses bell
prover. Instead of using free floating piston inside
a cylinder bore there is a bell which matches to a
cylinderical tanks. The bell can move up and move
down freely thanks to the annulus oil film and
counterweight (John D. Wright and Pedro I
Espina, 2000). On the other hand, the quantity of
the gas is measured directly by defining the total
mass of gas flows into a closed volume/tank. The
average mass flow is deduced from the initial
mass, final mass of the tank and the collection
time. The method is called PVTt (pressure -
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volume - temperture — time) system (John D.
Wright and Pedro 1. Espina, 2000) or weight -
time gas flow calibrator (J.0. Hylton and C. ].
Remenyik, 1999). According to the Gas Flow
Calibrator Instruction Manual written by Sierra
Instrument, the bell prover system was hasn’t
been used for over 20 years. Sierra Instrument
designed a gas flowmeter system similar to the
piston prover design. Using the minimum length
of piping necessary between the calibrator and
the gas source also minimum the distance
between DUT and the calibrator. By practical
implement the realized the initial pressure pulse
greater then the normal pressure 8 times. The
fluctuation of pressure depends on the mass of the
piston and the friction between the piston and the
cylinder bore. Consequently, the collection travel
of piston must be smaller the real distance motion
(figure 3).

Similar to above designs, this design consists
of a precision displacement piston type
compressor to push the gas flows into the pipe at
certain pressure and temperture. So the density is
maintained constance along the stream. The mass
flowrate is calculated from the velocity of piston
and the inside cross section of cylinder. This paper
depicts the schematic diaphgram and the
specification of system to calibrate the RF1 low
pressure gas flowmeter.

The structure of this paper is devided into 4
sections. The brief review of gas flow meter
calibrator is represented in section 1. Section 2
shows the RF1 gas meter specification and the
mathematical model of hysdraulic cylinder,
especially the other researching of cylinder
friction behavior. The equations for calculating
gas flowrate is depicted at the later part of section
2. The section 3 shows the schamatic diagram of
calibrator and discussion. Finally, the brief
conclusion is outlined in the section 4.

2.Data and theory
2.1. RF1 gas flowmeter

RF1 gas flowmeter is a compact residential gas
flowmeter designed to measure volume of natural
gas, LPG and non-corrosive gases. It is a positive
displacement diaphgram gas meter. It has twin



&k

2021

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA

(MEAE2021)

chamber measuring unit. The twin chambers are
each fitted with a flexible and gas-tight diaphgram
moved by the diferential pressure between the
inlet side and the outlet side. The gas enters one
side of the diaphgram plate, then comes out on the
other side through a separate port on the valve.
When one side is filled full, the sliding valve shifts
the postion, allowing the gas flows into the empty
side (RF1 gas meter instruction).

Technical specification:

Medium: Hydrocarbone, natrual
gas, non-corrossive gas,
air, etc

Temperature -250C + 55¢°C

Range:

Maximum 0,5 bar

Operating pressure: 1,0 bar

Model/Measuring Range:

Qmin = 0,016 m3/h
G1.6 Quex = 2,5 m3/h
Qmin = 0,025 m3/h
G2.5 Qux = 4,0 m3/h
G4 Qmin = 0,040 m3/h
Qmax=6,0m3/h
— 3
G6 Qmin = 0,060 m3/h

Quax= 10,0 m3/h

2.2. Mathematical model of cylinder

For hydrostatic drive, the differential force
applying on the piston generates the hydraulic
cylinder force which moves the piston and piston
rod to counter the external force (figure 1). The
external force consists of mechanical load, inertial
force, friction force. The motion equation of piston
is depicted by Newton laws (Michael Ruderman,
2017):

P-A - pA-F—F —F=ma (1)

In which: p1, p2 - respectively the gauge
pressure in the piston chamber and rod chamber,
(Pa), Ay, A2 - respectively the effective cross
section of piston chamber and piston rod
chamber, (m?), Fr - the seal ring friction force,
(N), Fr - the external friction force, (N), F - the
external force, (N), m - the total mass of piston,
piston rod and external coupling component (kg),
a - the accelaration of piston, (m/s?).
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Figure 42 — Hydraulic cylinder model

External friction force is generated by
relative motion between the bushing part and
guiding rod (mechanics). The mechanical force
gose down rapidly as piston rod and coupling
moment. It also counters the piston rod
movement at the initial phase (static friction). Due
to prevent the internal and external leakage
hydraulic cylinder’'s sealant generates a
considering friction force between piston and
cylinder bore and between piston rod and rod seal
o-ring. Modeling the friction effect of cylinder is
critical. Many researchers have already tried to
model the mathematical model of friction force in
both traditional approach and experiment
approach. The friction force is built from elastic
deflection of the contact surfaces, the stiffness of
the microscopic deformation during the pre-
sliding motion of piston and piston rod, viscous
fricion. The figure 4 depicts the theorical
behavior of cylinder friction (Antonio etal., 2011).
The experiment seems to be a reliable approach
to get the cylinder friction behavior. Inspiration of
Antonio and his colleagues, Rozimerli and Camila
tried to take place the experiment to obtain the
friction behavior of pneumatic cylinder (figure 5).
The performance curve shows the relationship
between dynamic friction and linnear velocity.
The dynamic friction force lightly changes as the
speed smaller than 0,15 m/s. Similary to result of
Roziment, Alexander Heinze validated the
behavior of friction in his investigation of
modeling and simulation the performance of
hydraulic cylinders (Alexander, 2007). The
friction factor is causing of peak pressure. Smooth
load, steady movement. On the other hand, the
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unique performane of hydrostatic drive is the
flowrate is not depend on the pressure.

Because of low operating pressure, the
compressibility of the hydraulic oil is neglected.
And the hydraulic oil is considered as
incompressible fluid (Marko Orosnjak et al,
2017). In addition, the light force leads the
requirement differential pressure between piston
chambers and piston rod chamber be small
enough to minimum the leakage. If the hydraulic
fluid is adressed as incompressible fluid and
leakage also is neglected the velocity of the piston
is only dependent on the flowrate enters and
come out from the servo hydraulic cylinder
(figure 2):
&9

A A
In which: v - velocity of the piston, (m/s), Q: and
Q2 - respectively the flowrate enters the piston
chamber and the flowrate come out from the
piston rod chamber (m3/s), Ai, A2 - respectively
the cross section of the piston chamber and the
cross section of the piston rod chamber, (m?).
Unfortunately, the positive displacement pumps
can not provide the constant quantity ofliquid per
unit time. The flowrate always fluctuates due to
the geometry of the rotor. Therefore, it is unable
to pump flow directly into the system. It’s
necessary to add a press relief valve at the
discharge port of the pump to maintain the certain
pressure and system flowrate. The excessive flow
is directed to the tank via pressure relief valve.

sts = Qp _Qv 3
In which: Qss - flowrate enters the system,
(m3/s), Qp - flowrate of hydraulic pump, (m3/s),
Qv - excessive flowrate goes to tank via pressure
relief valve, (m3/s).

The flowrate goes through the pressure
compensated flow control valve:

2A
sts = Cv A\/ Tp

In which: Qss - flowrate enters the system,
(m3/s), Cy - the valve factor, A, - total cross
section of the throtting port, (m2), Ap - differential
between inlet port and outlet port of the flow

\Y

()

4)
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control valve, (Pa), p - density of the hydraulic
fluid, (kg/m3).

Pressure compensation function means the
Ap is maintained constant even though the load
changes. As the result, the Qs is considered a
constant value. That means the velocity of the
piston is constant.

2.3. State equation, gas pressure, mass flowrate

For ideal gas, the state equation is
represented below (Bui Hai va Tran Thé Son,
2008):

pv =MRT (5
In which: p - the absolute pressure of the gas,
(Pa), V - the volume of the gas, (m3), M - the mass
of the gas, (kg), R - gas constant, (J/(kg.K)), T -
absolute temperture of the gas, (K).

For single piston compressor (figure 5):

V = AX (6)
In which: V - the volume of closed chamber/the
volume of the gas, (m3), A - the efficetive cross
section of the cylinder, (m2), x - the coordinate of
the piston surface, (m).

The necessary moment of the piston for
increasing the pressure from pap1 upto pabz is
detected below:

o p _f_MRT dx
ab2 abl ) A 'Xz
Deduction:
MRT
X, =X =———— ™)
AAp

In which: x4, x; - respectively the initial position or
later position of piston surface, (m), M - the mass
of the gas, (kg), R - the gas constant, (J/(kg.K)), T
- the absolute temperture of the gas, (K), A - the
efficetive cross section of the cylinder, (m?), Ap -
the differential pressure between initial point and
beginning collection time point, (Pa), (figure 5).
Density of the gas:

— pabz

~RT ®)

The average mass flowrate during the
collection time is defined:

P2
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_ pz.Av

m .
RT

©)

1y

In which: m - the average mass flowrate of the gas
flow, (kg/s), pabz — later absolute pressure, (Pa), A
- the efficetive cross section of the cylinder, (m?),
R - the gas constant, (J/(kg.K)), T - the absolute
temperture of the gas, (K), V - average velocity of
piston.

If the piston is considering smooth motion
during the collection time, the instant flowrate
value is equal to average value:

Velocity Sensor

Precision Bore Tube ™~ .

Free Floating Pistor
Mercury O-ring Sea

Absolute Pressure Sensor
Gas temperature SenSO\

m=PeA
RT

(10)

a
In which: m - the instant mass flowrate of the gas

flow, (kg/s), pabz — later absolute pressure, (Pa), A
- the efficetive cross section of the cylinder, (m?),
R - the gas constant, (J/(kg.K)), T - the absolute
temperture of the gas, (K), v - the velocity of
piston.

Mercury filter

~

Vent

Collected gas

Base Plate

Vent

Gas Supply
Precision Regulator

Flowmeter being calibrated

Vent
Main Valve

<

Flow Control Valve

@ = Absolute Pressure Sensor

Figure 43 - Constant pressure volume flow calibrator (J.0. Hylton and C. . Remenyik, 1999)
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Figure 44 - Piston prover pressure performance (Sierra Instrument)
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|
1

~

N

1500 T

1000 |- : | ?/

500 - : .

Friction Force (N)
o

-500

-1000 /
/

-1500 L >
05 04 03 02 041 0 0.1 0.2 0.3 0.4 05

Velocity (m/s)

Figure 46 — Experiment pneumatic cylinder friction behavior (Rozimerli et al., 2014)
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1 — Hydraulic oil tank, 2 — Suction filter, 3 — Hydraulic pump, 4 — Unloading valve/Solenoid operated
pressure relief valve, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6 — Check valve, 6 — Pressure relief valve, 7 — pressure
compensate flow control valve, 8 — Directional control valve, 9 — Hydraulic cylinder, 10.1, 10.2 —
Compressor, 11.1, 11.2, 11.3, 11.4 — On/off manual valve, 12 — Sequence valve, 13 — Meter, 14 — Return
filter

Figure 47 — Schematic diagram of gas flow meter
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3. Result and discussion
3.1. Result

This design includes 3 components: hydraulic
system, compressor & piping and controller. The
hydaraulic system consists of a double acting
hydraulic cylinder, a directional control valve
which leads the hydraulic cylinder to extend or
retract, a pressure relif valve, a pressure
compensated flow control valve and a hydraulic
power unit. The compensated pressure function is
carried out by pressure reducing valve. The
hydraulic pump is the single acting vane pump, 4
cm3/revolution driven by an asynchronous electric
motor, 3000 rpm. The second component consists
of 2 servo pneumatic cylinders play as single acting
piston compressors, non-return valves, vent
valves, block valve and piping. The flowrate of gas
is adjusted by detecting the speed of piston and
unloading one compressor or any. The controller
consist of PLC module and pressure transmitter.
PLC controller is used to detect the collection time
and pressure performance (figure 6).

3.2. Discussion

To take the priority of speed control of
hydrostatic drive, the smoth motion of the piston,
the gas compressor could offer the instant flowrate
for calibration the meter.

Regarding the safety and protection, the
design deals with the drawback of piston prover
using the mercury as sealant. Because of no
mercury metal, this desing is safer and easier to
operation than other.

At low pressure and temperture, most of the
gases can be considered as ideal gases. So, the all
equations in section 2.3 are ideal gas equation. In
constract, the tolerance of flowmeter can be reach
upto 2%. That means this design is realiable.

However, it is necessary to carry out the
experiment to ensure the performance of this
design.

4. Conclusion
Basing on the volumetric calibration method

and comparision to other designs which are
applied in the industry and the result of
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experiment of cylinder behavior as a proof to
ensure the realiability of obtained theorical design
of this researching. Next, we are going to build the
real calibration device for experiment. For gas, it’s
necessary to focus on the error between the theory
and practice. Addion, the performance of the
hydraulic cylinder is also investigated carefully.
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In order to determine the specifications of a leakage current protective
device, an appropriate test-rig is required. Currently, in Vietnam, there is
no facility that has such a test-rig. With the financial support from the
project KC.05.24.6/20, the group of authors participating in the project
have successfully designed, made and installed a test-rig for testing
660V/1140V earth leakage protective device. This test-rig allows to
determine most of the characteristic parameters of a leakage protective
device used in underground mines such as symmetric and asymmetrical
leakage resistance, long-time leakage current, short-duration leakage
current, operating time. The test-rig also allows to evaluate: the efficiency
of the capacitive component compensation circuit of the leakage current;
circuit that automatically detects and shunted the leakage phase; the
effect of the back e.m.f of the large motor on the leakage current; allows
build the characterization of the protective device.

Copyright © 2021 Hanoi University of Mining and Geology. All rights reserved

1. Introduction

and calibrating the type A3YP protective device),
the goal set for the test-rig must be to allow the

The design and manufacture of electrical
equipment used in underground mines has very
high requirements for testing procedures. The
objective of the project KC.05.24.6/20 is to design
and manufacture a leakage current protection
device with a voltage of 660/1140V that meets
the technical requirements according to
TCVN7079, capable of automatically detecting
and connecting leakage phase short circuit,
ensure capacitance current compensation
according to voltage 660/1140V. To achieve the
project’s goals, one of the first things to be
considered is to build a test-rig. On the basis of
studying the requirements of the leakage current
protective device test, with reference to
international test equipment (Stand for testing
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following types of tests to be performed: value of
tripping resistance when single-phase or
symmetrical three-phase leakage, long-term
leakage current value, short-duration leakage
current value, the operating time of the
equipment when a single-phase leak through a 1
KQ resistor, the effect of the back electromotive
force of the motor when the power is cut off and
the characterization of the leakage protection
device.

2. Test-rig building results

2.1. Design the schematic diagram of the test-
rig
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In order that the test-rig can be used for
testing earth leakage protective device at two
voltage levels, 660V and 1140V, the substitution
insulation resistance is selected according to the
following criteria: Total insulation resistance per
phase about 200 K(; two values of tripping
resistance corresponding to the symmetrical
three-phase leakage are 30 KQ (660V network)
and 60 KQ (1140V network) must be the type
with high accuracy and can work for a long time in
the heaviest conditions when there is a leak; it is
necessary to have small value resistors, high
accuracy class, long-term working in leakage
conditions to correct or take test signals when
necessary; the insulation resistance of each phase
relative to earth can be easily varied over a
narrow or wide range in order to develop the
characteristic of the leakage protective device.

The capacitance of each phase to ground is
replaced by five 1uF/1600V capacitors connected
in series. The equivalent capacitance of each
phase relative to ground can be varied by means
of plugs at 5 levels of 0.2uF (5 capacitors in
series); 0.25uF (4 capacitors in series); 0.33 (3
capacitors in series); 0.5uF (2 capacitors in series)
and 1uF (3 capacitors short).

Similar to the insulation resistance and
capacitance test-rigs, so that the test-rig can be
used for testing leakage current protective
devices at two voltage levels of 660V and 1140V,

*Corresponding author
E - mail: nguyenthackhanh@humg.edu.vn

254

the single-phase leakage resistance is selected
according to criteria: Total single-phase leakage
resistance to earth is about 100 KQ; two
resistance levels corresponding to the single-
phase leakage tripping resistance with
deformation characteristic of 20 KQ (660V
network) and 50 K2 (1140V network) must be of
high accuracy class and can work long-term in
heavy conditions, especially when there is a leak;
1 KQ leakage resistance equivalent to human
resistance when touching one phase of the
network must be high power rating, capable of
long-term work in the case of the heaviest leakage
(1-phase leakage through a 1 K resistor when
the network has the insulation resistance near the
tripping resistance and the capacitance of the
network equal to the limited value is 1uF); need
small value resistor, high accuracy grade, long-
term working in leakage condition to correct or
take test signal when necessary; The single-phase
leakage resistance can be easily varied over a
wide range to develop the characteristic of
leakage protection.

From the above results, the schematic diagram
of the experimental circuit test-rig of the
660V/1140V power network leakage current
protection device in the laboratory is designed as
shown in Figure 1.
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Figure 1. Schematic diagram of the test-rig of the 660V/1140V leakage current protection device

2.2. Design, fabrication and installation of test-
rigs

To create a 660V (or 1140V) three-phase
power network with isolated neutral voltage, use
a three-phase transformer to convert the mains
voltage in the laboratory from 380V to 660V
(1140V). The transformeris a 380V /660 (1140V)
isolated three-phase transformer with a capacity
of 10kVA, taking power from 380V through the
isolating circuit breaker CD. 10kVA transformer,
switching devices and measuring instruments are
installed in the electrical enclosure as in Figure 2.

N A

Figure 2. Internal structure of the electrical
enclosure
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In laboratory conditions, in order to be able to
investigate the effect of back electromotive force
of the motor when the power is cut off to the
leakage current, a back electromotive force
generator has been designed and manufactured
as shown in Figure 3. To generate the back
electromotive force of the motor when the power
is cut off, the authors use a 2.2kW permanent-
magnet synchronous motor with direct starting
type LSPMSM, voltage 380V and another 10 kVA
isolated three-phase transformer, with voltage of
380/660/1140V.

Figure 3. Devices for generating back e.m.f of the
motor when the power is cut off
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Figure 4. The 660V/1140V test-rig of leakage
current protection device

2.3. Test-rig correction

After installing the test-rig, measured,
calibrated and determined the actual parameters
of the test-rig.

e Measure the resistance and capacitance
parameters of each phase against ground

The results of measuring the parameters of the
resistance and capacitance equivalence model
from phases to the ground of the network are
presented in tables 1 and 2.

Table 1. Measurement results of insulation resistance from phases to ground

Ra, KQ Rs, KQ R¢, KQ Measuring instrument
Design value 198.8 198.8 198.8
Measured results 198.1 198.1 198.1 Sanwa LCR700

Table 2. Measurement results of insulation capacitance parameters from phases to ground

CA, uF

CB, uF

Cc, uF Measuring instrument

0,2-1

0,2-1

0,2-1 Sanwa LCR700

e Measure and test single-phase leakage
resistive loads

The results of the resistance measurement of
the single-phase leakage resistance equivalent
test-rig are shown in Table 3.

Table 3. Single-phase leakage resistance measurement results

Design value 103.1 KQ 1KQ

10 KQ 20 KQ 50 KQ

Measured results 102.9 0.999

9.9 19.63 49.8

For a leakage resistance equivalent to 1 K(,
tested at 400mA leakage current condition,
capable of operating for not less than 30 min.

¢ Measure and check the test-rig in the live
state of 1140V

Proceed to supply 380V main power to the
transformer. Measure the voltage of the phases to
earth in 3 cases: normal working, single-phase
leak through the 20 K(1 resistor and single-phase
leak through the 1 KQ resistor.

2.4. Test-rig Manual

After the test-rig for testing leakage current
protective devices 660V/1140V has been
designed and installed completely in the
Laboratory of the University of Mining and
Geology, the authors have compiled detailed
instructions for use test-rig. Figure 5 is an
example illustrating test-rig  connection
instructions for testing the tripping resistance
when three-phase symmetrical leakage of 660V
power network.
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Test-rig for testing 660V /1140V earth leakage protective device
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Figure 5. Connection of the test-rig to test the tripping resistance when three-phase symmetrical
leakage of 660V power network

Table 4 is the specification of the test-rig for 660/1140V earth leakage current protective device.
Table 4. Specifications of the test-rig

Input voltage, V 380
Output voltage, V 660/1140
Three-phase transformer capacity, kVA 10
Network capacitance change range, uF/pha 0-1
Symmetrical three-phase leakage resistance variation range, K€ 0-198
Single phase leakage resistance variation range, KQ 1-103
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Measure the line voltage of the test network
using a HIOKI DT4254 digital multimeter. Single-
phase leakage current measurement using digital
millimeter HIOKI 3286-20. To measure the signal
pattern and determine the trip-time, use an
oscilloscope of the type TEKTRONIX MD03014.

Below are some test results using the test-rig
for testing earth leakage protective devices.

Figure 6. Experiment to determine the tripping
resistance of earth leakage protective device

Tek Prevu t i 1
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Figure 8. Test results to determine the effectiveness
of the leakage-phase grounded solution
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Figure 9. Test results to determine the effect of back
e.m.f of motor on leakage current
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Figure 7. Test result for determining single phase
leakage current through a 1 KQ resistor with back
em.fofload

A, e
Figure 18. Test results for determining the tripping
time of leakage current protective devices

3. Discussion

- The test-rig of leakage current protection
device in the Laboratory of Electrical and
Electronic Engineering of the University of Mining
and Geology allows to determine most of the
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characteristic parameters of a leakage protection
device used in underground mines such as
symmetric and asymmetrical leakage resistance,
long-term leakage current, shot duration leakage
current, tripping time. The test-rig also allows to
evaluate the efficiency of the capacitive component
compensation circuit of the leakage current, the
automatic detection and short-circuit connection
of the leakage current, and the effect of the back
e.m.f of the large-capacity motor on the leakage
current, perform to build the characterization of
the protective device.

- With this test-rig, it also allows testing the
results of new research directions on leakage
protection in underground mines such as testing
insulation resistance by alternating current
measurement, active capacitance compensation,
asymmetrical capacitance compensation, negative
capacitance compensation etc...

- On the basis of the results of designing and
manufacturing test-rigs in the Laboratory, it is
possible to go to research, design, and manufacture
test equipment of smaller and more compact size,
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serving testing, calibrate leakage protection
devices at production facilities.

4, Conclusion

The test-rig for testing 660V/1140V earth
leakage protective device is the first test-rig in
Vietnam capable of testing to determine most of
the specifications of a leakage current protective
device using in underground mine. The test-rig can
be developed to be able to test leakage curret
protective device use in underground mine power
networks containing semiconductor converters
(isolated ac/dc network).
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