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(/NG DUNG MATLAB/SIMULINK MO HINH HOA VA MO PHONG
DONG LUC HOC HE THONG THUY LUC TRG LUC LAI 0 TO

APPLICATION MATLAB/SIMULINK MODELING AND SIMULATING THE DYNAMICS

OF HYDRAULIC SYSTEM TO ASSIST STEERING VEHICLE

TOM TAT

Heé thdng trg luc da tré thanh mot thanh phén tiéu chudn trong hé thdng ldi
clia 0 10, hién nay cd hai loai trg luc Ii chi yéu la: trg luc thiy luc va trg luc dién. Hé
thdng trg luc dién méi xudt hién trong théi gian gan day, dugc st dung nhiéu trén
cac xe ¢ nho do han ché vé mifc 6 trg luc, do d6 hé théng trg luc thiy luc van phd
bién trén hau hét cac loai xe tir xe con dén xe tai c§ 16n. Nghién ctiu nay dé cp dén
ddng Iuc hoc hé thang thiy Iuc cla b trg luc: Hé thdng st dung ap suat thiy luc
cung cdp bdi bom thay luc (dugc kéo bdi dong ca), st dung ca cdu van quay diéu
khién dong thay Iuc d&n cac bén xi lanh cung cdp luc ddy/md men xodn, hé trg qué
trinh dénh 13i cla 14 xe. Bai bao nghién cdu sit dung phan mém Matlab/simulink
md hinh hda va md phdng dong luc hoc hé thdng thiy luc trg luc13i 6 to.

Tir khod: Hé thang Idi; tro luc thiy luc; déng luc hoc Idi; Matlab/simulink.

ABSTRACT

Power steering has become a standard component of the car's steering
system. Currently, there are two types of power steering: hydraulic power
steering and electric power steering. Electric power steering has been in use for a
few recent years for small cars due to the limited assist ability, so hydraulic
power is still common on most vehicles including both small cars and trucks. This
study deals with the dynamics of the hydraulic system of power assist steering:
The system uses the hydraulic pressure supplied by the hydraulic pump (pulled
by the engine), using a rotary valve mechanism that controls the hydraulic flow
to the cylinder, providing force / torque, which support to the driving operation.
This article applies Matlab/ simulink software modeling and simulating the
dynamics of hydraulic system to assist stering vehicles.

Keywords: Steering system, hydraulic power, steering dynamics, Matlab /
simulink.
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1. TONG QUAN
Hé théng trg luc lai ra ddi cai thién su thoai mai cho
ngudi 1ai, gidam bét luc danh 14i, hon nira né con cé y nghia

Nguyén Xuan Tuian'", Nguyén Thé Anh',
Nguyén Van Bang?, Tran Van Nhu?

quan trong vé an toan, chdng han nhu cho phép ngudi 13i
dé dang quay vong dé tranh tai nan c6 thé xay ra. Hé théng
tro luc da trd thanh mot thanh phan tiéu chudn trong hé
théng lai ca 6 t6, hién nay c6 hai loai trg luc 1ai chd yéu la:
trg luc thay luc va trg luc dién. Hé théng trg luc dién méi
xuat hién trong thai gian gan day, dugc st dung nhiéu trén
cac xe c& nho do han ché vé muc d6 trg luc, do d6 hé théng
trg luc thay luc van phé bién trén hau hét cac loai xe tir xe
con dén xe tai ¢& Ion. Bai bao tap trung nghién ctu déng
luc hoc clia hé théng thay luc trg luc 1ai 6 to.

Hé théng trg luc thay luc thudng ap dung cho céc co
cau lai nhu truc vit thanh rang (hinh 1), truc vit é cu bi -
cung rang (hinh 2).
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Hinh 1. Sc d6 hé théng thay luc trg luc Idi truc vit - thanh réng

Céc bd phan chinh cla hé théng bao gom: bom trg luc,
binh chida dau, van phan phéi, va pittdng gan vao thanh
rang. Tuy theo huéng quay clia vanh tay lai quay sang trdi
hay sang phai ma van diéu khién dong hudng dong dau
sang khoang bén phai hay bén trai cta xilanh trg luc. Ap
suat dau sé tang lén trong mét khoang clia xilanh va day
piston cling thanh rang vé huéng khoang con lai dé trg luc
lai. Dau bén khoang con lai sé theo dudng hoi trg vé binh
dau trg luc.
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mé men lai

cung rang

pit tong

Hinh 2. So d6 hé thdng thay luc trg e Idi truc vit & cu bi- cung rang

Muc d6 trg luc 14i 6 t6 dugc xac dinh tuy thudc vao diéu
kién hoat déng (trong bai dé xe, trong thanh phd, trén
dudng cao téc...) cho thay yéu cau trg luc 1ai I6n nhat khi
hoat déng trong bai d4 xe va thap nhat khi hoat déng trén
dudng cao téc [3] (hinh 3).
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Hinh 3. Dudng cong hiéu dién mic dd trg luc lai

2. MO HINH HOA VA MO PHONG PONG LUC HOC HE
THONG THUY LUC
2.1. M6 hinh héa

Cac thanh phan chinh ctia hé théng thuy luc bao gom:
bom thay luc, bd van thay luc, pittdng va xilanh. So d6 cau
tao hé théng thay luc (hinh 4).

Trong dé:

- Bom thuy luc dugc dan déng béi déng co;

- Van thuy luc |a loai van quay, diéu khién dong thiy luc
vao/ra cac bén cua xilanh.

- Cum xilanh - pitténg tao ra dich chuyén x dé lam quay
bénh xe dan huéng.
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Hinh 4. So d6 cdu tao hé thdng thay luc
Mé hinh dong luc hoc hé théng thay luc (hinh 5).

Hinh 5. Md hinh ddng luc hoc hé thong thiy luc trg luc ldi

Trong dé:

Ps, gs,Vs: dp suat, luu lugng qua bom, thé tich bom;

Ai, Ay, As, As, O, 92, O3, Ga: dién tich va luu lugng tuong
Ung qua 16 van, vdi gia thiét moé hinh A= A;, A= A, tuong
Ung q1=Qs3, 2= 0a.

q.: luu lugng vao trong xilanh.

P1,P2: 4p sudt thuy luc vao va ra xilanh.

Luu lugng g qua dudng 6ng dugc tinh toan theo
phuang trinh sau:

q :ACdJ—zﬁP (m

Trong doé:
A - dién tich mat ct ngang éng;
Cq- hé s6 luu lugng dong chay;
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p - ti trong chét long;
AP - 36 chénh ap qua 16.

Luu lugng gs qua bom sé qua van theo 16 A, A, tuong
ung qi, g2 ta co:

gs=q1 + 02 (2)

Theo phuang trinh (1) luu lugng g: va qa:

o =ch1«/5<Ps -P) 3)
p
2

g, =CdA24’—(PS—P2) (4)

vdi gia thi€t moé hinh A= As, A,= A, tuong ing g = qs,

JQ2=0q4 ta co:
ps=p1 + P2 (5)
pL=p1-pP2 (6)

P.: 4p sudt thay luc 1am dich chuyén pitténg
TU phuong trinh (5)
_PstPh
2
Ps —P.

p, = s (8)

va (6) tinh dugc p; va p, nhu sau:

Thay (7 4) ta dugc:

) vao (

G, = CdAu/—(Ps -R) 9
1

q; = CdA21/;(Ps +R)

Thay (9 2) ta dugc:

—CdAu’—(P -P)+CA 1’—(P +P)

Mat khac:

(10) vao (

V .
o

TU phuong trinh (11) va (12) ta c6:

qs =

_B cd (A JE—R) AR +R)) (13)

Luu qung tai dugc xac dinh bang céng thuc (14) hodc
(15):

qL=0q1— Q4 (14)
qu=9q1-qa (15)
Véi:

as =C4A, ’ (Ps+PR)

Thay phuong trinh (3) va (16) vao (14) ta dugc:

o = / (P, ~P) ~C4h ,/;(PS+PL)

Mat khac:

(17)

° V .
a :Ap.x+F°PL

Trong dé:
V..V
Vo =—1-—-2- 19
TV, +V, 19)

P = B [A\/P —-R) AP, +R) - A, x (20)
p
Khi danh lai ap suat dau thay luc tac dung 1én xi lanh PL

tao ra lyc Fy tdc dung lén pittdng lam dich chuyén mét
doan la x.

Fo=A,PL

2.2. M6 phdong déng luc hoc

Dung phan mém Matlab/Simulink dé mé phéng déng
luc hoc clia hé théng thay luc trg luc lai véi cac théng sé
dau vao dugc cho béi bang 1 [7].

Bang 1. cac thdng s dau vao clia mé hinh

T Théng s6 Gia tri Don vi
1 Q 9 I/min
2 Vs 1,02.10* m’

3 A, 8,26.10° m
4 Ay 0,42.10* m?
5 i 7.10° -
6 Gy 0,61 -
7 p 800 Kg/m?
So d6 simulink cho hé théng nhu hinh 6.

A1

" dPr|

X

dx 4 dPI

fiTthuyiuc ﬂ

i dPs

Ps

Hinh 6. S¢ dd simulink cho hé thong thily luc trg luc lai

Quan hé gia A1, A2 vdi géc quay cla ti van thé hién
trén hinh 7 [6].
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Hinh 7. Dién tich van tiét luu A1 A2 phu thudc vao goc quay ctia ti van
Cac théng s6 dau ra: Ay, Ay, Ps, Pr, Py X
Két qud mé phdng dugc thé hién ti hinh 8 dén hinh 11.

Trén hinh 8 thé hién géc quay cla ti van thay lyc diéu
khién dan huéng chuyén déng. Géc quay gidi han 16n nhat
vé hai phia la [-3°, +3°].
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Hinh 8. Géc quay clia ti van theo thai gian

Hinh 9 thé hién d& m& van tiét luu A1, A2 vé6i quy luat
quay ti van nhu hinh 7.
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Hinh 9. Surthay @i dién tich van tiét luu theo thas gian

Khi danh lai sang bén phai van thuy luc xoay lam thay
déi dién tich ctia van do dé lam thay déi 4p suat thay luc
dén cac bén cua xilanh (hinh 10).
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Hinh 10. Biéu dién &p sudt thiy luc ra ca van

Khi dé &p suat thay luc phia bén trai pitténg thay ddi
nhu hinh 11.
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Hinh 11. Biéu dién dp sudt dau thdy luc bén trdi xilanh

Va &p suat thiy luc phia bén phai pitténg thay déi nhu
hinh 12.

140 -

gy sl b phii ai lanh P [bar]

Hinh 12. Biéu dién &p suat dau thay luc bén phai xilanh

Trén hinh 13 khi &p suat thay luc hai bén xilanh chénh
léch tao ra luc ddy pittdng (thudc 1ai) dich chuyén sang trai
hodc sang phai dé quay banh xe dan hudng.
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Hinh 13. Dich chuyén x cla pittdng khi ap sudt hai bén xilanh chénh I&ch

Khi ti van & vj tri trung gian, 4p suat & hai hai bén xilanh
can bang, 6 té chuyén déng thang.
3. KET LUAN

Bai bao da mé hinh hoa déng luc hoc hé théng thay luc
trg luc 1ai 6 t6 va st dung phan mém matlab/simulink mé
phong hoat déng cta hé théng cho két qua phu hgp vai
quy luat.

Huéng nghién clu ti€p theo st dung mé hinh trg luc
thay luc da xay dung dé nghién ctru hé théng lai Steer by
wire |én xe 6 t6 da c6 sén hé théng lai trg luc thay luc.
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