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TOM TAT

Steer By Wire 1a h¢ thong lai khdng ¢ truyén dong co khi tir vanh tay ldi dén banh xe dan
huéng. Vanh tay 1ai chi déng vai tro tqo tin hiéu doi huwdng chuyen dong. Viéc dan dong banh xe
dan hudng thuc hién doi hudng chuyén dong do bg phdn chap hanh cua bg diéu khien dan
huéng thuc hién. Bai bao xay dung bg dieu khien dan hudng chuyén dong 6 to cho hé thong lai
khong truc lai logi dién tir - thuiy luc trén co so phuong phdp diéu khién truot. Ludt diéu khién
duot ap dung mo phong trén phan mém Matlab — Simulink dé danh gid hi¢u qua cua bg dieu
khién thiét ké.
Tir khod: diéu khién truot, SBW, mé hinh héa hé thong lai.
ABSTRACT

The Steer By Wire (SBW) is a steering system where there is non-mechanical linkages between
the steering wheel and direction wheel. The role of the steering wheel is a signal generator,
Vehicle direction change is effected by an actuator. The article focuses on developing a
controller for the electro-hydraulic steer by wire for changing direction. The controller is
developed based on the sliding mode control. Control law is applied and simulated in Matlab -
Simulink to show the effectiveness of the designed controller.

Keywords: sliding mode control, electro-hydraulic steer by wire, modeling of steering system.

1. TONG QUAN

Hé thong lai Steer by wire (SBW-Steer
By Wire) duoc hiéu la hé thong lai khong co
truyén dong co khi tir vanh tay 1ai dén banh xe
dan huéng. Vanh tay lai lic nay chi dong vai
trd tao tin hiéu doéi huong chuyén dong con
viéc dan dong banh xe dan huéng thuc hién
d6i hudng chuyén dong do bo phan chap hanh
cua b diéu khién dan huéng thuc hién. Bé tao
cam giac can quay vong trén vanh tay lai, hé
théng 1ai SBW con dugc trang bi bo tai tao
cam giac lai. Chinh vi khong cé hé truyén
dong co khi giira vanh tay lai va banh xe dan
hudng gidp cho viéc bé tri d& dang va tao diéu
kién cho viéc thay doi ty sd truyén cua hé

théng 1ai phd hop véi van téc chuyén dong
gilp nang cao an toan chuyén dong. Bo phan
chap hanh cia bo diéu khién dan hudng
chuyén dong phd bién hién nay la bo phan
chap hanh thay lyc va bo phan chip hanh
dién.

Hé théng lai SBW duoc céc tac gia
trong va ngoai nudc tap trung nghién cau
nhiéu trong nhitg nam gan day. Trong [1] cac
tac gia md phong quy dao chuyén lan cua 6 to
st dung hé théng l1ai SBW dién. Cac tac gia
xay dyng md hinh hé théng lai SBW va mo
phong véi bo diéu khién PID. Doi voi hé
thong 1ai SBW thi nguoi lai khong tryc tiép
nhan dugc cac luc phan hi tir mat duong nhu
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luc can lai. Trong [2] céc tac gia nghién cuu
thiét ké bo tai tao cam giac lai bang cach do
dong cta dong co dién dan dong lai. Trong
linh vuc may néng nghlep, cac tac gia da xay
dung mo hinh va diéu khién theo luu d6 trang
thai dé diéu khién hé thong lai SBW [3]. Cac
nghién ctu trén thé gisi tap trung nghién ciu
nhiéu vé hé thong 1ai SBW loai dién,

Déi twong nghién ctu trong bai bao nay
1a hé thdng 1ai SBW loai thay lec, st dung bo
trg luc thuy luc didu khién dién tor cua hé
théng lai tro luc dé thiét ké hé thng lai SBW.
Trong ndi dung bai b&o nay tac gia tap trung
nghién ctu thiét ké bo diéu khién dan huéng
chuyén dong caa & t& cho hé théng 1ai SBW
dién tir - thay luc. Bo diéu khién duoc xay
dung trén co s phuong phap diéu khién truot,
bo diéu khién dung lai & mtc do tinh toan luc
tac dung 1&n bo phan chap hanh thuy luc cua
co cdu lai. Su khong xac dinh cua lyc can
quay vong dugc duge xét dén dam bao su bén
vitng cua luat diéu khién.

2. XAY DUNG MO HINH PONG LUC
HQC DAN PONG LAl HE THONG LAl
STEER BY WIRE (SBW) PIEN TU -
THUY LUC

So d6 hé théng 1ai SBW dién tir - thay
luc thé hién trén Hinh 1 c6 thé chia thanh 3
phan: vanh tay lai va bo phan tai tao cam giac
lai; phan din hudng chuyén dong; bo phan
diéu khién. Trong bai béo nay, céc tac gia
quan tam dén phan dan huéng Chuyen dong
gom cd: bom dau, van dién tir va co cau chap
hanh thuay luc. Bo diéu khién diéu khién van
thity lyc dé dua dau vao bén trai hoac bén phai
dé thuc hién doi huéng chuyén dong.

Pé xay duyng md hinh dong luc hoc ta
dua ra cac gia thiét sau: Dan dong lai gitra
banh xe bén trai va bén phai 1a co cau 6 khau -
6 khép duoc don gian hoa thanh co ciu 4 khau
- 4 khop (hinh thang lai); Coi thuéc lai —
piston thay lrc ¢6 do cing chdng nén 1a vo
cung, ¢ khdi lwong tap trung m, lyc ma sat
va can nhét cua piston vai xylanh coi la phy
thudc tuyén tinh vao van téc va mé hinh héa
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Hinh 1 So do hé thong lai SBW dién tir - thuiy
luc

bang hé s6 can nhét K,; M&i don bén cua
hinh thang 1ai c6 do dan hoi uén quanh tam
quay tru dung, d6 dan hoi uén nay dwoc quy
dan thanh do dan hoi kéo/nén & vi tri thudc lai
va gia thiét 1a tuyén tinh c6 hé s6C,, bo qua hé
s6 can; Md men can quay caa banh xe dén
huéng M, coi la phy thudc tuyén tinh vao goc
quay cua banh xe dan huéng va duoc mé hinh
hoa nhu sau:

M, =C,y+ K278 1)

Trong dé: y- goc quay cua banh xe dan
huéng; C,, K, - do ciing va hé sé can quay
cua banh xe dan huéng. M men quén tinh
khoi cua banh xe dan huéng doi véi tru quay
dang ky hiéu | . Tur cac gid thiet trén ta xay
dung dugc md hinh déng luc hoc phan dan
dong thé hién trén Hinh 2 voi goc o, B
twong g la cdc géc quay cua banh xe dan
hudong bén trdi va bén phai (so véi chiéu
chuyén dong cia 6 t6). M, va M, tuong
ting 12 md men can quay cua banh xe dan
hudng bén trai va bén phai dugc mo hinh hoa
theo (1):



Hinh 2 M6 hinh déng luc hoc phan ddn
hwong chuyén dong hé thong lai SBW

M, =C,a+K,8& M, =C,B+K,; | la
chiéu dai cia don bén cua hinh thang lai. O
trang thai chuyén dong thang don nay tao Voi
phuong doc mot goc o, va f,. M6 hinh phan
dan hudng chuyén dong c6 3 toa do suy rong,
dich chuyén cua thudc lai X, goc quay cua
banh xe dan huéng bén trai o, bén phai S.
Gia thiét chiéu duong cia cac dai luong nay
theo chiéu thé hién nhu trén hinh 2. Gia su khi
danh 14i sang trai hé thong van dién tir bén trai
s& diéu khién bom dau tao ra ap suit P tac
dung vao piston, ap suat P nay gay ra luc F,
day piston vé bén trai mot doan X, lam cho
banh xe dan husng bén trai va bén phai quay
mot géc a, B . Giai phong lién két dan hoi va
ap dung nguyén ly D’Alambert ta xay dung
dugc hé phuong trinh

m&=—F, —F, - K,8 F,
| &&= Flcos(a +a,)— M (2)
I@: lecos(ﬂ-i_ﬁo)_MzL
Trong d6 F,, F, la c4c thanh phan luc lién két
dan hoi bén phai va bén trai
F, =-C,(x—Isin(a +a,) +lsing,) (3)
F, =—C,(x—Isin(8+ B,) +1sin 3)) (4)
3. THIET KE BQ PIEU KHIEN DAN

HUONG CHUYEN PONG TREN CO SO
PHUONG PHAP PIEU KHIEN TRUQT

Bo6 diéu khién din hudéng chuyén dong
c6 3 vai tro: dan hudng chuyén dong; thay doi
ty s truyén cua hé thong lai; diéu khién on
dinh quy dao chuyén dong cua 6 td. Trong
nghién cuu nay, cac tac gia chi tap trung vao
vai trd thir nhat, diéu khién dan hudng chuyén
dong vai gia thiét ty s truyén cuaa hé thong lai
1a khéng thay ddi. C6 nghia bo didu khién
thiét ké diéu khién banh xe dan huéng quay
bam theo g6c quay mong muébn «, phu thugc
vao goc quay vanh tay lai 6,, o, =6,i,. Trén
hinh 3 thé hién so do diéu khién dan huéng

chuyén dong.
E
[ControllerH Plant }a
—>

Hinh 3. So do diéu khién dan huéng chuyén
dong hé thong 1ai SBW

Tu phuong trinh ther 2 cua hé (2) dao
ham 2 ve va thay phuong trinh thtr 1 vao ta
duogc phuong trinh viét dudi dang

&= f()+9g()u (5)
Trong do:

C, (8 (1 cos(a + ) B))
f()=||+K,(-F, = F,)/m
—F,Isin(a, + o)d& (C,d8+ K,

]I cos(ea, + @) /

_ Ky I'mlcos(a, + )

a() |
u=~F

Hé (5) la hé dong luc hoc bac 2, ta xét
mat truot bac 2 co dang:

S(t) = &) + 21é4) + A%e(t), trong d6 e 1a do
sai léch gitra goc quay cua banh xe thuc té va
géc quay mong mubn, e(t) = a(t) —a, (t), A



1a hiang s6 duong. Mot khi mat truot S = 0thi
e(t) > 0 khi t — co. Nhu vay luat diéu khién
can thiét ké sao cho S — 0 khi t > T, . Biéu
thae $&=—ksgn(S) voi k>0 thoa man diéu
kién nay. Ta co

k) = &) + 27.6) + 1°&) =—ksgn(S)  (6)
Thay phuong trinh (5) vao (6) ta tim dugc luat
dieu khién

u=(-f()-21& V& &ks)/g() (7)

Trong pham vi giGi han ciagéc a, g() =0
do d6 luat diéu khién (7) luén xac dinh.

Ap dung luat diéu khién (7) vao mo
phong dong luc hoc hé théng l1ai SBW vai céc
thong s6 thé hién trong bang 1 [4]

Bangl: Thong sé cia md hinh déng luc hoc
phan ddn huéng chuyén déng cua hé thong lai
SBW

TT| Thongso | Gia tri Pon vi
1 m 2 kg

2 | 1.5 kg.m?
3 K, 45 N.s/m
4 C, 1200000 N/m

5 C, 880 N.m/rad
6 K, 225 N.m.s/rad
7 I 0.25 m

8 a, 40 do

9 5, 40 do
10 i, 12

T hinh 5 d&n hinh 9 thé hién két qua
mo phong vaéi goc danh 1ai cta vanh tay lai 6.
tuong Ung véi goc quay banh xe dan huéng
mong mudn ¢, thé hi¢n trén hinh 4.
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Hinh 4. Gdc quay vanh tay lai va goc quay
cua banh xe dan hwéng mong muon

Trén hinh 5 thé hién géc quay thuc té
cua banh xe dan huéng bén phai «
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Hinh 5. Géc quay thuc té cia banh xe dan
hwong

Do sai léch e(t) giira goc quay thuc té
va géc quay mong mudn rat nho (<5.10° rad)
thé hién trén hinh GOChl’rn’g to su lam viéc hiéu
qua caa bo dieu khién thiét ke.

e(t) [rad]

time [s]

Hinh 6. Sai léch e(t)



Luc diéu khién u=F, thé hién trén hinh 7.
Trong truong hgp mé phong nay, gia tri luc
diéu khién 16n nhat vao khoang 0,5.10“N.
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Hinh 7. Luc diéeu khién F,

Goc quay cua banh xe dan huéng bén phai,
bén trai va dich chuyén cuaa thudc lai thé hién
trén hinh 8
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Hinh 8. GAc quay banh xe dan hwdéng bén tréi
va bén phai trong mé phong
Trén hinh 9 thé hién quan hé gitta o va S
thuc té md phong so véi diéu kién quay vong
ding, tan' f—-tan'a=B/L, v6i B la

khoang cach tdm quay tru ding, L la chiéu
dai co s6. Sy sai khac giita didu kién quay
vong ding va thuc té md phong khdng nhiéu,
dam bao diéu kién quay vong dung.
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Hinh 9. Quan h¢ gi#a goc quay vong banh xe
dan hwéng bén trai va bén phai thuc te mo
phong va dieu Kién quay vong ding

5. KET LUAN

Céc tac gia da xay dung mo hinh dong
luc hoc phan dan hudng chuyén dong cua hé
théng lai SBW loai dién tir - thuy luc. Trén co
s md hinh da xay dung céac tac gia da xay
dung bo didu khién dan huéng chuyén dong
dé dam bao cho banh xe dan huéng quay bam
theo goc quay mong muédn phu thudc vao goc
quay vanh tay lai

Mo hinh ddng luc hoc phan dan huéng
chuyén dong 1a mé hinh phi tuyén manh. Céc
tac gia lya chon phuong phap diéu khién truot
dé xay dung luat diéu khién. Cac két qua md
phong cho thiy su sai léch gira géc quay
mong mubn va goc quay thuc té cua banh xe
dan hudng 1a nho, diéu d6 khing dinh hiéu
qua caa luat diéu khién thiét ké. Quan hé dong
hoc quay vong thuc t& md phong va quan hé
dong hoc quay vong ly thuyét khdng sai léch
nhiéu.

Nhuoc dlem cua phuong phap diéu
khién thiét ké 1a can mot so luong cam bién
l6n dé xac dinh céc théng sé dau vao cho b
diéu khién tinh toan nhu X, &, &dBva biét
mé hinh dong luc hoc chinh xac cua hé théng
lai SBW.
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