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XAY DUNG MO HINH TOAN HOC VA MO PHONG TON THAT LUU
LUONG TRONG MAY THUY LWC MOT TRUC VIT

BUILDING MATHEMATICAL MODELS AND SIMULATING FLOW LOSSES IN
SINGLE SCREW HYDRAULIC MACHINES

Nguyén Vin Lai
B moén K¥ thuat Co khi, Truong Pai hoc Mo - Dia chat

TOM TAT

Bai bao trinh bay cdch xac dinh khe ho gitva rotor va stato trong may thuy lwc mot truc vit.
Trén co so do xay dung moé hinh toan hoc va thudt toan dé mé phong ddc tinh vé ton that heu luong
ctia may thuy lwc mot truc vit. Béng thoi thyc hién mo phong voi cdc thong 56 két cdu ciia mét logi
mdy thity lyc mét truc vit. Két qua nghién cieu danh gid dwoc pham vi siv dung hiéu qua ciing nhuw
cde dé xudt cho viéc thiét ké mdy thity licc mét truc vit.

Tw khoa: Thuy luc, May thuy lyc truc vit; Mo hinh todn hoc; M6 phong.
ABSTRACT

This paper presents how to determine the clearance between rotor and stator in single screw
hydraulic machine. On that basis, a mathematical model and algorithm are built to simulate the
flow loss characteristics of a single screw hydraulic machine. Simultaneously perform simulations
with structural parameters of a single screw hydraulic machine. The research results evaluate the
effective use range as well as recommendations for the design of single screw hydraulic machines.

Keywords: Hydraulics, Screw hydraulics; Mathematical modeling, Simulation.

1. GIOI THIEU

May thuy lyc mét truc vit ngay cang
dugc sir dung rong rai trong nganh cong nghi¢p
dau khi. Bom thily lyc mot truc vit duoc sir
dung dé khai théc dau, van chuyén hon hop
dau va khi... Pong co thuy lyc mét truc vit
thudong duoc st dung dé din dong miii khoan
trong khai thac dau khi [1]. Hiéu qua cta viéc
sir dung may thiy luc mét truc vit cha yéu lién
quan dén dic tinh va do tin cay ctia may. Diéu

nay la can thiét cho ca viéc lya chon ché d6 lam
vi€c toi vu cling nhu cach thuc de ticp tuc cai
tién ket cau may.

Viéc x4c dinh t6n that thé tich ¢ giai doan
tinh toan thiét ké may thiy lyc mot truc vit gén
lién véi viée xac dinh trong tam cua rotor khi
rotor nam trong stato va x4c dinh khe hé hudng
kinh doc theo duong tiép xuc, tir d6 xay dung mé
hinh toan hoc vé o ri luu luong qua céc khe ho
lién quan dén céc thong sé hoat dong ctia may.
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2. PHUONG PHAP XAC PINH TQA PO
TRONG TAM CUA ROTOR VA KHE HO
HUONG KiNH TRUNG BINH

Hinh 1 1a so dd cac luc tac dung 1é€n
rotor cua may khi lam viéc, cac luc bao gém:
lyc thuy dong (F,) va lyc quan tinh (F,). Dudi
tac dung cua cac luc nay, trong tdm cua rotor
dich chuyén bén trong stato theo hudng tac
dung ctia hop luc Fs.

Hinh 1. Vi tri cua rotor trong stato cua may thity

lyc mot truc vit

Cé cac vi tri cua trong tam rotor trong
stato: vi tri Iy thuyét (an khdp 1y tudng, tai d6
khoang céch giita tam rotor va stato a bang do
léch tdm e); vi tri tinh va vi tri dong (dudi tac
dong cua cac luc) [2].

Do su dich chuyén dong luc cua tdm
rotor, cac diém tiép xuc cua rotor véi stato cé
thé dugc chia thanh hai nhém: kin va hé, thong
qua khe ho nay xay ra 1o ri. S6 lugng diém tiép
xtic ¢6 thé co dé tao thanh khe hg dugc xéac
dinh theo s vong quay z, cua rotor nhu sau:
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, ooz, —1
Tai mat cat Hinh 2a: J, =2T. Tai

z, +1

mit cit Hinh 2b: j, =

Khe ho hudng kinh tai diém tiép xuc
thtr i (Hinh 3) dugc xac dinh nhu sau:
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Hinh 2. Cdc vi tri tiép xiic giita rotor va stato
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Hinh 3. So d6 xdc dinh khe hé hwdng kinh giita
rotor va stato

Khe ho hudng kinh tinh toan trung binh
doc theo chiéu dai dudng din dong cua dudng
tiép xtic dAu tién (ddi voi hai mat cét dic trung
trén Hinh 2) la:
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Géc 16n nhét giita duong ndi tai diém
tiép xuc gitia rotor va stato khi chua “an khép”
la:

Tai mat cit Hinh 2a va Hinh 3:

# =(z, -2)Aa.
Tai mit cit Hinh 2b va Hinh 3:
¢, =(z,~1)Aa.

Goc nghiéng cua dudng chuan vai truc

Tai mat cat Hinh 2a va Hinh 3:

2r—¢
Go1 = Tl3a1.1 =7 _¢O.1;a(i+l).l =a,, -Aa.
Tai mit cat Hinh 2b va Hinh 3:
2r—¢,
G, = A, =T _¢0,2;a(i+1)2 =a,-Aa.

2

Khe ho trung binh tinh toan trong cap

rotor - stato ung vai cac gia tri dong hoc khac
nhau dugc liét ké trong Bang 1.

X:
Bang 1. Gia tri khe ho trung binh tinh todn gitra rotor va stato.
z, 3 4 5 6 7 9 156 157 200
¢,/u | 0,683 | 0,671 | 0,664 | 0,660 | 0,656 | 0,654 | 0,652 0,637 | 0,637 0,637

Khe ho trung binh tich phan cua cap
rotor - stato doc theo chiéu dai dudng dan dong
tor diém tiép xuc dau tién dugc xac dinh nhu
sau:

1
Dy = I [6dg, 3)
Trong do:

@, - Goc quay cua tiét dién rotor.

Fo, - Goc cua chuky, F, =z-Ap, -Ag,.

Trong trudng hop téng quat, gidi han
cua tich phan tir Ag dén m -Ag,.

Cac gia tri Ag_va A, dai dién cho cac
gbc quay cua tiét dién rotor so véi vi tri bién
dang déc trung (¢,= 0 va ¢, = 180° - Hinh 4),
twong ung voi cac pha “md - dong” diém tiep
xtc lam xuét hién cac khe hd. Trong truong
hop nay, gan ding A = Ap = Ao,

Hinh 4. Mot s6 giai doan khac nhau cua rotor
trong stato cua may thuy luc mot truc vit

Goc nghiéng cua phap tuyén tuong tmg
v6i pha dong khe hé trong mot tict dién xdc
dinh:

o, = arcsini 4)
2u

Khi o, > a > o, khe ho tai diém tiép
xtc thir i 1a mé (6,> 0).

Khio <a_ vao>a, khehd tai diém
tiép xtic thr i khong mé (6, = 0).
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Khi so “rang” cua rotor 1a so 1¢é:

azl—& sma—cos(p ®)]
2 2 2

Goc quay cia tiét dién rotor trong tng
voi pha dong khe ho tai mot d6 dich chuyén
nhat dinh cua rotor va tai dugc xac dinh [1]:

(6)

)
0, =7 —2a,;¢,, =2arccos—
2u
Goc quay cua tiét dién rotor so véi vi
tri dac trung (@, = 180°, Hinh 4) twong tmg véi
giai doan thu hep khe ho vdi tai cho trude va
chuyén vi cua rotor so vdi stato:

Ap, =m—¢,, =2a, :2arcsin2£ @)
u

Cudi cing, ta c6 khe hé trung binh gitta
rotor va stato:

1 ﬂfﬁﬂ( . Pl - 1 Ay 0, _é
T

5 o
U (cos%—sin%) g:ﬁ[ ZA (cos%—sin%J—EEJ
7| m=2Ap

Dé thuan tién cho viéc bién doi toan hoc
va tinh toan k¥ thuat, ta dat:

k§=i= il (cos%—smA ) = (10)
0,0, 7m—2Ap 2 2
Suy ra:
0, = k5.0, (11)

Chiéu dai duong sinh tir diém tiép xuc
thr nhat trong khodang thoi gian ti€t dién rotor

quay goc ¢,= Ag...t-Ag:
L, = T=24¢ L, (12)
2
Trong d6: L, - Do dai ctia dudng tiép

xuc thir nhat cua rotor voi stato.
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Trong truong hop rotor “an khop” ly

twong vdi stato (6 = 0; Ap = 0; k; = 1), ta c6:
2 L

0, =0, =2=063Tu;L, =—L  (13)
T

Do @96, khe ho trung binh tich phan gitta
rotor va stato twong duong vdi khe hd trung
binh cong vdi s6 lan khai dong rotor vé han
(Bang 1).

3. XAY DUNG MO HINH TOAN HQC
MAY THUY LUC MQT TRUC ViT VA
MO PHONG

Theo 1y thuyét may thuy lyc mét truc
vit, luvu lugng thyc té cia may bom va s6 vong
quay cua dong co truc vit duge xac dinh:

_9-A0

; (14

0=0,-A0;

Trong do:

Q, - Luu luong ly thuyét ciia bom;

AQ- Luu lugng 10 1i;

V - Thé tich lam viéc ctia may thuy luc
mot truc vit.

Tén that thé tich trong khoang cao 4p do
ro ri chat 1ong dén cac khoang c6 ap sudt thap
hon qua khe h¢ dugc hinh thanh trén duong
tlep Xuc gitta rotor va stato. Lu’u luong cua may
phu thudc vao d6 chénh ap sut p, va s6 vong
quay cua rotor:

Q=f(p, ) (15)

Van tdc chét 10ng ro ri qua khe hep gitra
rotor va stato la:

2p,
o,
Trong d6: w - Hé sb luu luong, phu

v=u (16)

(=g
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thudc két cau khe hep va déc tinh chat long.

Vi ton that thé tich duoc xac dinh boi
su 10 ri qua khe hep gilra rotor va stato, nén
can phai tinh dén sy hinh thanh cic khe hep
nay trong chu trinh hoat dong cua may khi rotor
quay lién tuc tir khi vao dén khi ra véi van tdc:

w=2z,Tn (17)

Trong do: T - Budc vit trén bién dang
cua stato.

Khi tinh dén anh huong cia ma sat
trong khe hep, van toc chat 1ong ro ri so vdi khe
hep di dong la:

ii =V + i (18)

M0 hinh toan hoc dugc sir dung dé xac
dinh hé s6 luu lugng c6 va khong tinh dén su
dich chuyén ciia khe hep giira rotor va stato
(tinh toan trong Muc 2) dugc thiét 1ap véi cac
dir kién sau:

[Thing & hinh hoe cda miy:

| Dfrliéu‘déuvéo I’I

e DT L.D.§

Théng s6 khéng 351 Tinh toan hé 30 1o ri
=321 p_=n -2 s Inging
‘_,_ = EE P §, =10, | | Thing o eda chit long
\ '-:,Il-|l‘| B v
rug —— =
‘{' | —Ji Re-—L Lo heong: O
L b, -b, = D =
b=ng= b= Khéng tich dénchuyén | | | Hésotile:
S=relD, ~3¢) F=z8 Sl ofa Kho hep kB
L =JFemD, 3 WP=0-a¥ e _L‘I¢ -
W Tinh chat cia vit hgu.
i kb ||| mmsstn

7 =
ciia ke = —
¥ JO=0—nl ﬁ‘?-ﬁ;. Cong suat P, sd vong
Tinh todn khe hep trung 0. 7 quay n
bink Q= Q-0 = ASE o

M6 phong dugce thuc hién bang phan
mém Matlab/Simulink vdi thong s6 két cau cua
may thily luc mot truc vit D1-195 [3]. Thong sb
dau vao mé phong véi may thuy luc D1-195:

Bdng 2. Céc thong s ciia mdy thuy liec mt truc vit D1-195.

L“‘a}‘sr)"’ng Thiigf}ll)ém & (mm) n_(1/s) 0,, (mm) B (1) B/V (%)
0.6 2207 0.743 0.199 1.4
0.3 2325 0.506 -0.537 3.8
32 14.3 0.0 2.403 0.321 -0.983 6.9
0.3 2.463 0.166 -1.308 9.1
0.6 2.485 0.056 -1.423 9.9

Két qua tinh toan hé sb luu lugng p vé6i dién tich khe hé va sé Ray-nén thay ddi dugc trinh

bay trén Hinh 5.
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[ = Q=201i5 §=02mm
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Hinh 5. Quan hé giita hé $6 10 ri luu luwong va dién
tich khe ho giita rotor va stato

4. KET LUAN

Trén co s& két qua mo phong trén, co
thé dua ra cac két ludn sau:

« Hé s6 luu luong phu thude phﬁn l6n
vao do chat ban dau trong cip rotor - stato, diéu
nay s¢€ xac dinh khe hé thue té do sy dich chuyén
cua rotor so voi stato, va hinh dang khe ho;

« Khi tinh dén chuyén dong ciia duong
tiép xuc, cac duong cong cho d¢ chit khac nhau
trong hau hét cac truong hop nam gén nhau hon
nhiéu so véi viéc khong tinh dén chuyén dong
clia dudng tiép xtic, diéu nay 1am tang d6 chinh
xac cua viéc tinh toan cac dac tinh ctia may;

* Khi tinh toan cac dac tinh cua may
thuy Iwc mot truc vit, nén st dung hé s luu
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lwong tir khu vye twong ddi cia ranh vit, ¢é tinh
dén chuyén dong duong tiép xic, vi trong khu
vuc nay thuc té khong phu thudc vao do chat
ché& ban du cua cap rotor - stato. Mat khac, cac
dac tinh ciia may & khu vue nay phan anh day
du nhat ban chét vat ly ciia qua trinh va phit hop
v6i su phu thudce cua luu lwong 10 ri véi chiéu
rong khe hep;

« Pé thiét 1ap chinh xac hon sy phu
thudc t&i hé b Iuu luong vao cac tham sb ché
d6 lam viéc cua may thiy lyc mdt truc vit, can
bod sung co so dur licu vé cac dic tinh may voi
nhiéu kich ¢& va diéu kién thir nghiém khac
nhau.
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