NGHIEN CUU - TRAO DOI

NGHIEN CU’'U BPONG LU'C HOC CUA BO CHAP HANH HE THONG
LAI BON BANH DAN HUONG

RESEARCHING THE DYNAMICS OF FOUR-WHEEL STEERING SYSTEM
ACTUATOR
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"Truong Cao dang Ly Ty Trong, Thanh phé H6 Chi Minh
*Truong Pai hoc Giao thong Van tai

TOM TAT

Hé thong ldi 4 banh dan huéng (4WS), cac banh xe dan hiedng cau sau dwge dan dong boi
dong co dién khi nhan tin hiéu dién ap tir bo diéu khién ECU. Bai bao tdp trung nghién ciru moé hinh
dong lyc hoc dong co dién, mo hinh dong luc hoc bo chcfp hanh co khi. M6 hinh dong luc hoc cua
b chap hanh 4WS véi mé-to diéu khién dwoc mé phong bang phan mém Matlab Simulink cho thdy
hiéu qua hoat dong ciing nhu su lam viéc on dinh cia hé théng dan dong lai cau sau.

Tw khéa: Pong luc hoc bo chép hanh hé théng ldi bon banh; 4WS; Simulink; Bé chcfp hanh
4WS.

ABSTRACT

When multiplying the voltage signal from the ECU controller, four-wheel steering (4WS),
the on-demand guide wheels, are driven by an electric motor. The article focuses on studying the
electromechanical dynamics and mechanical actuator dynamic models. The dynamic model of
the 4WS actuator with the control motor is simulated using Matlab Simulink software to see the
performance and stability of the drive system.

Keywords: Active safety systems; Automotive dynamics, Anti-lock braking system.

1. PAT VAN PE tién cua thanh ring thong qua hop giam tdc
truyén chuyén dong dén cac banh sau.

Ngay nay, su phat trién cua khoa hoc
cong nghé nhu cong nghé thong tin, diéu khién
tu dong, co dién tu, ché tao may, cong nghé vat
liéu, nganh cong nghiép ché tao 6 t6 dang co
nhimg budc phat trién rdt manh m&. Bo chap
hanh diéu khién lai phia sau sir dung dong co
dién mot chiéu (DC motor) bién chuyén dong - -
quay cta dong co dién thanh chuyén dong tinh Hinh 1. B chap hanh hé thong lai 4WS
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2. XAY DUNG MO HINH PONG LUC HQC BQ CHAP HANH HE THONG LAI BON

BANH DAN HUONG (4WS)

2.1. M6 hinh toin hoc hé thong lai 4WS véi mé-to diéu khién

Xe dugc khao sat 1a HONDA Prelude [1, 2, 3, 4, 5, 6, 7, 8] c6 cac thong s6 nhu:

Bdng 1. Théng s6 mé hinh xe khao sat HONDA Prelude

Ki Thong s6 Gistri Ponvi| Théng sb Giatri | Donvi
hi¢u : *| hiéu ’ ’
m | Khéilugng toan b 6t6 | 1070 | Kg r, | Bankinh banh xe 0,3 m
Moé-men quén tinh d6i Mb-men quan tinh
J | voitructhangdimgdi | 2100 | kem? |00 d 3,6 kg.m?
qua trong tam cua 6 to
| Khoang cich tir trong 11 m K | Hésbcinkhongkhi | 04 | Ns¥m?
! tam dén truc trudc
1 Kﬂhoau}g cach tur trong 13 m F D.IFH tich can chinh ) .
2 | tam dén truc sau dién
Rin Lin

L ST p ST

Hinh 2. M6 hinh todn hoc bg chdp hanh hé thong
lai 4WS

2.2. M6 hinh toan hoc bd chap hanh hé thong
14i 4WS

Mo hinh b chdp hanh gdm hai phan:
bong co dién va hé théng co khi. Bong co mot
chiéu duoc st dung kha phd bién trong cac hé
diéu khién nho dic tinh co 1a tuyén tinh, khoang
diéu chinh van toc rong, kha ning mang tai 16n
& ving van tdc nho. So dd nguyén 1y cia dong
co mot chiéu dugc trinh bay ¢ Hinh 2 [9, 10,
11, 12].
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Phin oo

Phdn dign

Hinh 3. M6 hinh mé-to DC ciia bg chdp hanh hé
thong lai 4WS

Phan dién:
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Phan co khi: Ham truyén cia h¢ thong:
de I . _ , Efs) — ; B —3 a(s)
J_H’: — = rm _Tr“' - Cmm - ('i'_?l:l'[. Tm - KKI':] :‘:..J?J}:'_-_'hﬂ_' -. L’ + Rni '_. K | | JnS + Cin
dr ‘ I, f
Kb
. g
= Kji-T,~C,o-— 3)

1

m

Ta thu dugc ham truyén giita dién ap va
A A kh — B 5 ,t \
E(s)=(L,s+R,)1(s)+K,Qs) e dong co khit, =0 (B6 qua ma sit va
7,(s) 4)
— =K, I(s) —(Jms + Cms)Q(s)
” Qs) _ K

E(s) (L.J)s’ +(Rme+C;Lm)s+(R C, +K,) (3)

mY m m-="m

Bdng 2. Théng s6 mé phong bo chap hanh

Ki hi¢u Théng s6 Giatri | Ponvi | Kihigu Théng s6 Giatri | Ponvi
Mé-men quan 5 Hé s6 can banh N.m/
J. tinh dong co 0.0004 kgm C, ring 0.36042 (rad/s)
C HE 50 can 0.19 Nom/ K Hesocungbanh | )57 | N myrad
m dong co (rad/s) P rang
K Hesoclmng | 4r557 | Nmfrad | ¢ Ban kinh truc vit | | o m
m truc dong co P co cau lai
Hé s6 ma sat N.m/ Hé s6 can thanh N.m/
B, nhot dong co 0,19 (rad/s) CP x0dn 0.36042 (rad/s)
K H¢ s? mo-men 0.3 N.m/A m Khoi hIEmg thanh 25 ke
m dong co R rang
R Dién trg phan | 39 ohm | Kk, | Pecmethanh 06000 | Nmjrad
m ung rang
. Ty sb truyén He¢ s6 can thanh N.m/
I hop giam tde 16,33 i Cr rang 430 (rad/s)
Mo-men quan \ .
] tinh thanh | 0.0344 | kem? | Donquaybinhxe | m
b B dan huéng
xoan
He¢ s6 can N.m/ Mo-men quén tinh 5
Co thanh xodn 0,36042 (rad/s) Tew banh xe 0,18 kgm
Heé sb cling Mo-men quan tinh )
K, thanh xodn 14878 | N.m/ rad J, bénh ring 0.0344 kgm
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Ap dung nguyén 1y D’ Alambert d6i véi
dong co dién, hop giam tdc, thanh rang co cAu
141, ta nhan dugc phuong trinh moé ta dong luc
hoc cua hé théng 4WS nhu sau:

M i +Bx +K.x, = L _ F. (6)
r
p

Véi: T, =T,G, (7)

Do dich chuyén thanh rang:

x.=w/(GG,) (8)
X

r,=-—1 )

p gp

T,=K,I, (10)

T , T, [Nm]: tuong ung 12 m6-men cua
dong co di¢n va mo-men thanh dich chuyén
ngang.

Cuong do dong dién I cung cap

cho dong co dién dugc xac dinh tir dinh luat
Kirchhoff theo phuong trinh:

U=R,1,+L,l,+K,0, (11)

Két hop cac phuong trinh, sau mot sd
bién doi, ta co:

Hinh 4. So d6 truyén lyc tir mé-to DC dén bdanh xe
dan huong

Mcq: Mo6-men can quay [Nm].
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Mo-men can quay cua banh xe dugc
xac dinh:

M. =ak (12)

cq

Luc dan hoi dugce xac dinh:

F,=c(x,—x)+K.(x —x,) (13)
Mo6-men cua dong co di¢n dugc xac dinh:

d
Jm.7?+ B.w +F,GG =T  (14)
Gié tri lyc can quay vong quy dan vé
thanh ring co ciu 1ai F tac dung Ién cac banh
xe dan huéng theo cong thirc:

r B +n) (15)
r n}/
_— | el

Hinh 5. So' do xdc dinh lwc can quay vong

Quan hé phi tuyén giita lyc ngang F
phu thudc vao goc I¢ch bén cua cac banh xe dan
huong dugc xac dinh theo cong thuc Pacejka
dua trén mo hinh dong luc hoc téng quat cua 0
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t6 két hop mo hinh chuyén dong ciia 6 to trong
mat phang (3 bac ty do) va mo6 hinh dao dong
cua 0 t6 trong khong gian (7 bac tu do).

3. KET QUA MO PHONG

Két qua mo phong & ché do chay thang
c6 gi6 ngang véi téc do 10 [km/h]. Gio ngang
tac dung 1én 6 t6 mot lyc 6n dinh 1a 500 [N] va
d6 climg bén cua 16p 1a C,.= 30000 [N/m] va
C_=22000 [N/m].

Goc lai sau

1 2 3 4 5 6 7 8 9 10
Thoi gian mo phong [s]

Dien ap mo phong

1 2 3 4 5 6 7 8 9 10
Thoi gian mo phong [s]

Hinh 5. Tin hiéu dién dp mé phong trong ché do
chay thang c6 gioé ngang véi van toc 10 [km/h]

Két qué mod phong & ché d6 quay vong
thiéu v6i van toc 60 km/h goc quay banh xe
dan huéng 9, dat gia tri 6n dinh xung quang gan
nguong 0,08 rad sau 2 gidy. Trang thai quay vong
thiéu tao ra bang cach thay d6i do cimg bén lan
lugt la C .= 20000 N/m va C_= 30000 N/m.

<102 Goc lai sau

10 s L . L . " L L L
1 2 3 4 5 6 7 8 9 10
Thoi gian mo phong [s]
) H| H‘ | |
> 0

Dien ap mo phong
T T T
10 JH m] L 1 L 1 L L L
1 2

3 4 5 6 7 g

©
o

Thoi gian mo phong [s]

4. KET LUAN

Két qua mo phong tir tin hiéu dién ap ra
gdc lai banh sau cho théy md hinh dong luc hoc
bd chap hanh duoc gidi thiéu trong bai bao phu
hop véi thuc té va dam bao do tin cay. Mo hinh
6 thé duge st dung dé két hop v&1 mo hinh
dong luc hoc chuyén dong cua 6 to dé nghién
ctru thiét ké bo diéu khién nham 6n dinh quy
dao chuyén dong 6 to bang hé thong 1ai 4WS. <

Ngay nhan bai: 27/4/2023
Ngay phan bi¢n: 17/5/2023
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