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TOM TAT

Bai bio gidi thigu thudt todn didu khidn b mdr dya (i cdng cu logle mir (fuzzy logic) dé didu chinh the
dd quay va lyre dn ty khoan trong mdy khoan xony chu CBUI-250T. Gial phap duge d& xult bao gbm sir
dung cdng cu mgog noron nhiin tygo (noural network) thay thé cho cim bién c(mg (sensor) dé nhjn dién
duge bidn dO v thn 88 rung rén mdy khoan. Bidn do cung, (n 88 rung vi gid trj gt (setpoint) vé& tbe 49
quay Va lyre dn ty khoan dong vai trd 1\ cde bidn ddu vio cho b logic mdv. Chire ning suy lufin cta b logic
my s@ q\_lyé( dinh duge gid tr cdn b hep 1y véi mye tiéu gidm rung ddng cho miy khoan. Két qua dénh gi4
duge kiem chimg thong qua md hinh héa biting cong cy Simulink_matlub hira hen c6 thé nhing duge vio
h¢ thdng didu khién hiin toi dé cdi tidn v nding cao chiit rgng didu khidn hién c6 vai myc tiéu gidm rung

cho mdy khoan xoay cfiu CBILU-250T dang duge siv dung phd bién trén clic cOng trudmg khai thic 19 thién
ving Quidng Ninh),

Tvr khda: Didu khién bd md; mdy khoan CBIL-250T; neural network ; fuzzy logic.
1. Bjt viin ad

Mdy khoan xoay cliu CBLI-250T dang duge st dung rt phd bién hign nay trén cic cong trudmg khai
thdc mo 19 thién vang Quing Ninh, Qud trinh khoan phéd v dft da, mlli khoan lién tyc tidp xic vai dit da
6 46 cimg va clu tgo dja ch%t khdc nhau, Cong viée nghién ciru tim duge quy luft hofic m?t thudt todn pha
hgp dé diéu chinh thong s6 ché 49 khoan (tbc dd quay va lye fin) trong didu kign dja chit phic tap, moi
trudng khai thic dfic thi & Vigt Nam di va dang dugc nhidu nha khoa hoc thude linh vire khai thic mé quan
tdm nghién cru. ‘

Mot s6 cde cong trinh nghién clru trude ddy trén Thé gidi cling dn a8 cip dén vin aé didu khién t0i wu
thong s& ché 40 khoan dya trén d¢ cing cua daft d4 (B.Y. Lee, H.S. Liu, Y.S. Tarng, 1998) (Alexei A.
Zhukovsky, 1982). Tuy nhién do hgn ché v& k9 thugt, cong nghd cling nhu v& phuong ti¢n ma vige do ludm
tryre tiép 4§ cimg daft d4 trong méi truong 1am vige cia may khoan giip nhiéu kho khiin. Vi vﬁy')'l tudng de
xudit dung phuong phdp gidn tiép ing dyung mgng noron nhin tgo dé nh{n di¢n 49 cimg qﬂt dd thong qua
viéc do cdc tham sg) quan trong ctia qué trinh nhu tbc A quay, lye fin ... hira hen mang lai dugce nhimg két
qua mong dgi. ) o

Dya trén thong tin dugc dy bdo tr mgng noron nhin tpo ¢6 thé xdy du:ng dugce mgt thuft todn bu mo
nhim can thiép tyr d4ng vio h¢ théng didu khidn hién tai nhiim mye dich didu Cl’linh l‘nll téc 40 quay Yﬁ lwe
éin ty khoan cho phi hgp véi tinh chit aft aé thyc (6. Gidi phap a8 xudt duge dinh gid thong qua md hinh
héa hé théng didu khién trén phin mé&m mo phong, cho két qua khiing dinh h¢ théng didu khién hodn todn
thich nghi va dép ing tbt véi moi trudmg khai thdc hién tgi, gidm dg rung cho mdy, ning cao chit lugng hé
théng ditu khién ma vlin ddm bao duge 16t nling sufit v hi¢u qua 1am vige cia mdy khoan.

2. H¢ thbng aidu khibn tc 4 quay va lye fin ty khoan ad xulit,
2.1. Sor dd nguyén 1y 48 xullt cho hi thing Aidu khidn tde dp va lye dn ty khoan.

So a8 nguyén ly didu khién tc 4§ quay va lyre fn trén mdy khoan CBIU-250T (Nguyén Chi Tinh & nnk,
2013); (Nguyén Thyc Khénh, 2003) cho nhu hinh 1.

* Tac gia lién h¢é
Email; dangvanchi@humg.cdu.vn



So d6 nguyén ly diéu khién trén ma
y khoan CBIII-250T bao gom 2 kénh: diéu khién tdc db
:1; tgek:l(:)an (3k;2:y;:a;;;o;max nto:;ymet};ramm ,2003) Trong so do sir dung chung khoéi Sensorq;:):iz ?11:;
hinh € xuat thay thé tu'ong dwong bing khdi NN(Neural N
nhein Ic(lanf Blen g}? va tan s6 rung sau khi da hudn luyén mang thanh cong(N A
énh diéu khién téc dé: tin hlcu setpomt Ua duoc dat truc tie
ép tir tay diéu khién béi
ma()i/ ngo‘; trong cabin 1ai, qua by diéu khién DK dé thay dbi géc mo a. Trong hé théng del:(i:atr,l g:: 2?2
:apug; h:l@l:t;l mg(t1 lm;m%a da thong qua b suy luén md (fuzzy - logic). B$ fuzzy logic c6 chirc nang thu
1€n dQ va tan s0 rung tir
e e g tir sensor do 4§ rung dé ra quyét dinh géc m& « cin bu (6a) phu hop
+ Kénh diéu k}uen luc dn ty khoan: tin hi¢u set
point Usx duqc dit truc tiép tir tay diéu khién boi
;an hanh may ngm trong cabin, qua b diéu khién PID dé diéu khién d6 m¢ van tiét hru dién — thut)lfglllxr(zl
rong hé thong dé xuit, tin hiéu diéu khién Ug s& dugc b bai mot qung Sudk théng qua b suy ludn mo
(fuzzy - logic). Bo fuzzy — logw co chirc nang thu thap tin hi¢u bién d6 va tin sb rung tir sensor do d6 rung
dé ra quyét dinh tin hiéu diéu khién cin b Sug phi hop nhim giam rung. (Ngé Dirc Thao, 1971).

KHOU mt-d xth L-UEAN T.Y ;(}IOAN

H‘ nh 1. So do nguyén Iy diéu khién toc 3 quay va lllC dn ty khoan CELL-250T

2.2. Xay dung khéi neural network dé nhin dién tén sé va bién dp rung.

Mang noron 12 mot cong cu rét hitu hiéu cho viéc nhan dang va didu khién véi nhimg déi twgng, nhimg
hé thong phi tuycn va bat bién. Kha nang tr hoc, tw update tri thitc va thong tin di liéu cia ching 1a mot
thé manh cua n6 1am cho mang ngay cang g1a u tri thirc va tré nén théng minh hon. D6 la co so daé xdy dyng
va phat tnen mdt bo cong cu thong minh cé kha ning suy ludn va du béo dugc do cimg, tinh chit dit da
trong thuc té va tir 46 ciing danh gia dugc kha nang rung dong clia may.

Sy thanh cong trong viéc phat trién mdt mang noron phu thudc nhiéu vao chét luong va sb luong miu

trong qua trinh huén luyén. Céc blen cua qua trinh khoan nhu téc d, luc 2 4n ty khoan mé men can 1a nhing
m diu vao cho mang noron. Dai luong ra la bién 46 va tan s6 rung dong.

bién quan trong va dugc chon la
Bang s0 liéu diu vao cho qua trinh huin luyén mang (Lé Ngoc Dung & nnk, 2018) , bang 1.

Bang 1. B¢ dit liéu vao ra cua mang cho cong tdc hudn luyén so' bo

O cU . a Lyc an Mo men

STT D(&fl(;:g S?;(;T'u;l)m Amplitude T(:; gﬁoqa‘:! Y k‘ll;oan ;’y can Mc
f. (rad/s) (Hz) (m/s?) (vong/ph) (tdn) (Nm)

1 13 1 0.16 0.3 50 30 260
2 12 3 0.48 0.65 63 27.5 218
3 11.5 5 0.8 0.35 70 25 185
4 11 10 1.6 0.15 75 24 183
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5 10.5 15 24 0 | 23 172
6 10 8 | 288 | 02 | wm | 20 | 68
7 9 26 4.16 K 156
8 8.5 3| 49 | 025 | 96 | s 153
9 8 35 s6 |02 | 12 | 13 134
10 7 40 64 | 0as | 07 | 2 |
T 6.5 55 R.8 T T O )
12 6 60 9.6 002 | 123 | 9 91
13 5 82 13.12 005 | 132 | & | %
14 | 45 100 16 003 | 13 | 7 | s |
15 4 120 19.2 0.05 145 6 |15
16 3 140 224 0.03 50 | 5 | 671

+ Thict ké va hufin luyén mgng:

Mang dugc 7§ﬁy d_\mg dyra trén bg cOng cy NN_Tool hofc ¢ thé 14p trinh trong m_file trong cia 86 cia
Matlab. Sfm khi khai béq céic yéu clu v& cfiu trinh mgng, 86 16p noron, 86 lugng noron trong chc 16p, ham
truyén, sai léch ... thyc hién qud trinh hudn luyén. K&t qua huéin luyén cho hinh 4nh mang va  thi sai léch
qua trinh huan luyén nhur hinh 2, hinh 3 v hinh 4

et Process nput | Layer 1 o(1) ) »l——o
*O Wi Delmet MY RS
Layer 2 8(2) > [
- -

a1} Layer 3 i

@ Brocam Qs 1 Hinh 3. Cdu tric rit gon lép vao cua
mang

Hinh 2. Cau tric rit gon 3 I6p ctia mang

Fite Editr View Insert Tools Desktop Window Help
N e T Y . B et R

Best Tralning Parformancs is 9.92080-006 at epoch 652

Mean Squared Error (mse)

o 100 200

Oﬂﬁgoch.
Hinh 4. Sai léch trong qua trinh hudn luyén mang , _
tap dit lidu vao ra cia mo hinh mang 3 16p [16 x 36 x 2] cho thay tip dix ligu

dir liéu mAu, Cho két ludn ring mang noron truyén thing vira thiét 1ap 42 PQC
0% dat dugc sau 652 the h¢

Két qua kiém tra trén c4c
nhéin dang déu bam theo tap
dugc bd miu tin hiéu vao — ra. Sai lgch gifta gid trj thyc va gid trj myc tiéu 1a 1
(epochs) husn luyén.

2.3. Ung dung fuzzy_logic 4 thiét ké by diéu khién bix mi cho 2 kénh;

+ Kénh diéu khién téc 4§ quay [o]:
Dinh nghia c4c bién ngbn ngft vao-ra: clin cir va

Bién vao: \
I Thn b f cua tin hiéu rung, ding 5 thp mov: tir (0.08 - 22.4) Hz .

2. Bién d6 rung, ding 5 thp mé: tir (0.003 - 1.14) m/s? .
3. Gée digu khién u, dung 5 tdp mo: tir (53.2° - 88.2") .

Bién ra: géc bil 8a , dimg 5 thp mdr tr (-35° - +35%).

+ Kénh diu khién lyc dn ty khoan[F]:

Pinh nghfa cic bién ngdn ngit vio-ru: ¢

o dii didu chinh céc tham s0 bang 1.

in cir vio dai dicu chinh cdc tham s6 bang 1.
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Bién vio:
L. Tan s6 f cia tin hiu rung, ding 5 tdp mé: tir (0.08 — 22.4)Hz
2. Bién d§ rung, ding 5 tdp md: tir (0.003 — 1.14)m/s?
. 3 Diénip didu khién, ding 5 thp mos U tix [0 + 24]V
Bien ra: di¢n dp bl Suak , ding 5 thp md tir (-24 — 24)V
+ So dd chu tric chung cho b suy lufn md fuzzy- logic:
Puge thiét 13p vil phdt trién trong Simulink-Matlab (Nguyén Phung Quang, 2004) dugc cho nhu hinh 5

-~ : o :
Tensof
’ ControlOrilrig
(mamdani)
Tandosn -1
o“" .
/ / ',»”
BuAhs
GocApha

Hinh 5. So dé cdu tric cho bé suy ludn mo

+ Xay dymg luiit hgp thanh va phwong phdp giai mo:

Quan hé truyén dat phi tuyén ctia bd suy ludn m& vdi 3 bién vao va 1 bién ra dugc cin cit trén co s& thu
thap s li¢u chuyén gia, sb li¢u do thyre t€ vdn hanh may khoan va céac sb liéu dugc kiém chitng qua mé
phong. Theo bang dit liéu mdi kénh s& cé tdng sé 125 ménh dé hgp thanh theo lust mo:

Kénh oq: If Tansof=Tansof; and BiendoA=BiendoA; and Alpha=Alpha; then Bualpha=Bualpha;

Kénh F: If Tansof=Tansofj and BiendoA=BiendoAj and Udk=Udkj then Buudk=Buudkj

B¢ suy ludn m¢ dugc cai dat vdi thiét bj hop thanh Max-Min, phép suy dién dugc thyc hién véi luat Min
va phép hgp mo dugc thyc hién theo luit Max. M& hod don tri va giai mo theo phuong phap trung binh
trong tim.

3. Ung dung Neural network va Fuzzy logic d& mo hinh héa hé théng didu khién kénh quay ty va ip
Irc truc trén may khoan xoay ciu CBIII-250T

Sau khi phit trién thanh céng 2 bd céng cu Neural network va Fuzzy logic, chiing s& dugc luu trong thu
vién cia Simulink-matlab dé phuc vu cho qua trinh nghién ctru va mé hinh héa. Tir so 46 nguyén ly dé xuat
(hinh 1), thyc hién qué trinh m6 hinh héa h¢ théng diéu khién, trong d6 mé hinh toan cua khoi déng co da
dugc tac gia thyc hién va phat trién md hinh, dugc ci sin trong Simulink-matlab, thuc hién viéc link cic
block véi nhau va chay mé phong (hinh 6).

RIS

* Toum

”.lh-.{

L4 mumWJ" E I

V - 7‘ ‘“YP B . 7 N " (] ) gy - s()z‘
Hinh 6. M6 phong kénh quay ty trén mdy khoan CbILL-2. - o
Két qua chay thir & chc didu kién vin hanh vdi dit dd c6 dd cfmg khde 1l|hu\t{ h¢ théng ‘khlfr‘:‘b‘ co :?n b\:
mér va hé thbng c6 by bu mds cho két qua ddp (mg duge cic yéu\ cu(;xé dl(\&t tr:‘leve :in (&ll:’glllg ghmclll] : \:(c: t‘:,é digu
i T ‘ v tan 8
tiéu giam rung dong cho thidt bj (hinh 7,8). Trong do6 hlnh.nu u bi n do vi 30 g VOLBY L
k;iég hién wi%méu xanh 14 bién d) vi thn 86 rung vai by didu khién c6 bd mo. Quan sat cac bién 4§ dinh
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& cdc dai tin khdc nhou: 0.3Hz, 3,711

cic d : 0.3Hz, 3.7Hz, 4. 1Hz (40 slu 6.5m) vi 0.5Hz, 3.8H: :

két qua tuong duong vdi d§ gidm rung dgt duge trong khoidng tir 2})‘%.,'«'1&“.:.1”('»(')&4”/' {40 13m) diur e
TIn hl.»l._l_l:.lrln dong

g on v R e —

ey ’

T RO (IHeozx)
i KOltll.'Ln dieu khilen glam rung

‘ ) Tan so (Hoz)
Hinh 7. Két qua thie nghi¢m trén mé hinh i d@ sdu 6.5m

Tin hilewu rung dong
Sl bbbt A Tt

— T e
T r

“ B
Toan so (Hox)

. Ket qua dieu khien clam runo
A\l Y v = o e S S S T

o 1 2 3

e

o 1 2 o - s 6 ; -
Ton so (Hox)

Hinh 8. Két qua thir nghigm trén m6 hinh & d§ sdu 13m

4. Két luin

Bii bdo dé cap dén cac ndi dung nghién
muc dich 1a xay dung mét bo didu khién bi md téc dong vao hé th
1y tbc d¢ quay va dp lyc tryc véi muyc tiéu giam rung cho méy khoan xoay cAu bao gbm:

+ Huén luyén thanh cong mét mang neural network dé xdc dinh dugc tinh cht ddt da thong qua bién dj
va tin s6 rung dong.

+ Phat trién bo logic mo (fuzzy logic) aé

+ Téng hop va md hinh hoa hé théng diéu khién toc 4§ quay va ap |
mé, so sanh dénh gia v&i bo didu khién hién tai dang str dyng. )

+ Két qua nghién ctu duge kiém tra trén m6 hinh md phong, dugc dénh gid bai cdc chi tiéu chat luqr:g
cua hé thong diéu khién, céc tiéu chi gidm rung d6ng trén mdy hua hen kha ning img dung cua b dicu
Khién vio thyc té van hanh médy khoan. ' .

+ Két qua nghién ciru khing dinh viéc {ng dyng 2 bd cbng cy ncur‘al network‘vxl fuzzy logx'cl aé cdi ticn,
nang cao chit lugng didu khién va giam rung cho méy khoan 1a mét gidi phép phu th trong dicu khién cac
hé truyén dong dién phi tuyén c6 tinh dén céc diéu kién dja chét phtrc tap va ddc thil ciia nganh khai thac
mo. p

+ P& xudt tiép tuc danh gid tinh &n dinh va bén vitng cia hé théng: ditu khién b.l:lé md }l;léng’qu:hvncc
nhting thujt toan nay vao h§ thdng didu khién hién tai trong viin hanh, hi¢u cmm’]é?v?\lt :61:?;‘?;::?:“ 3:2‘

& g6p phan ning cao chéit Iugng hé thbng diku khién, hi¢u sudt lam vige v )
gl?:élr)lhrir:i; k%lo‘;r? xoay € ¥ hé bién trén cic mo vung Quing Ninh.

ciru phit trién 2 b6 céng oy 13 neural network v fuzzy logic v6i
ng diéu khién hi¢n tai aé diéu khien hgp

x4c dinh dugc gid trj cAn bu thyc té. '
we tryc st dyng bd diéu khién bu

du CB1L-250T dang duge s dyung p

Journal of

Tai ligu tham khio
ing process’,

B.Y. Lee, H.S. Liu, y.S. Tarng
Materials Processing Technology, 74 (1

Bai bdo hji thao: , i
]_fle"Ngqc %ﬁng pjng Vin Chi (2018), “Ung dyng Muglub dé |y1gh/ién cind vaph
cho may khoan’xoay chu CB111-250T trong cong nghiép khai thac mo”, Ky yet

(1998), “Modeling and optimization of drill
998) 149-157.

{ru va philn tich ph tan sb rung dong
¢ hgi nghi toan quoc Khoa
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Y2.1. (Tai liéu ky thudt vé

ABSTRACT
Research and design a fuzzy compensation controller to reasonably
control the rotating speed and force to reduce vibration

on the CBIII-250T drilling machine

Le Ngoc Dung! Dang Van Chi?, Thai Hai Au?
!Dong Nai University of Technology
2Hanoi University of Mining and Geology

The paper introduces the compensation control algorithm based on fuzzy logic to control the rotation
speed in CBILI-250T drilling machine. The proposed solution uses an artificial neural network instead of a
vibration measuring sensor to identify the amplitude and vibration frequency on a rotary drill. The vibration
amplitude, vibration frequency and set values of rotation speed and drilling force are input variables for {hc
fuzzy logic unit, The inference function of the fuzzy logic unit will determine the compensation value with
the goal to reducing the vibration of the drilling machine. The results were tested through modeling wx;h
Simulink matlab tool, which can be applied to the current control system to improve control quality in
order to reduce vibration of the CBILI-250T drilling machine, used on coal mines in Quang Ninh area.
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