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NGHIEN CU'U DONG LUC HOC VA DIEU KHIEN HE THONG LAI

STEER-BY-WIRE

DYNAMICS AND CONTROL RESEARCH STEER-BY-WIRE STEERING SYSTEM

TOM TAT

Hé thdng ai Steer by wire |3 hé théng 14i khéng st dung truc lai co khi d&
truyén mo men tir vanh tay lai dén banh xe dan hudng, thay vao do hé théng si
dung mét bd chdp hanh 1di (md to dién, thiy luc,...) va mot bé diéu khién dién
t0r (gm cac cdm bién va bo xu Iy dién ti ECU). Vanh tay ldi ding dé tao tin hiéu
ddi hudng chuyén dong, banh xe dan hudng dugc dan dong bdi bo chdp hanh
clia bd diéu khién dan huéng. Bai bdo nghién ciiu md hinh dong luc hoc ctia hé
thdng lai steer by wire va diéu khién hé thdng lai steer by wire béng viéc (ing
dung bé diéu khién PID. M6 hinh va luat diéu khién dugc md phdng trén phan
mém Matlab/Simulink dé danh gia hiéu qua.

Tir khoa: Diéu khién hé théng Idi, steer by wire.

ABSTRACT

Steer by wire steering system is a steering system that does not use
mechanical steering shafts to transmit torque from the steering wheel to the
guide wheel, instead the system uses a steering actuator (electric, hydraulic...)
and an electronic controller (including ECU sensors and electronic processors).
The steering wheel rim is used to create a motion change signal, the guidance
wheel is quided by the executive unit of the guide controller. The paper
examines the dynamic model of the steering system by wire and steering system
control by wire by the application of PID controllers. The model and control law
are simulated on matlab/simulink software to evaluate efficiency.

Keywords: Control steering system, steer by wire.
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1. GIGI THIEU

Hé thong lai Steer by wire 1a hé thong lai khéng st dung
truc 1ai co khi dé truyén mé men ti vanh tay lai dén banh
xe dan hudng, thay vao d6 hé thong sir dung mét bd chap
hanh lai (mé tc dién, thay luc,...) va mét bo diéu khién dién
t&r (gém cac cdm bién va bo xu ly dién ti ECU). Vanh tay lai
dung dé tao tin héu déi hudng chuyén déng, banh xe dan
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huéng dugc dan ddng bai bd chap hanh cda bd diéu khién
dan hudng.

Hé théng lai Steer by wire c6 cac uu diém:

- Triét tiéu hoan toan cac rung dong tU mat dudng tac
dung Ién vanh tay lai do loai bod dugc su néi ciing cdia truc lai.

- Khoang lai réng rai han, c6 thé bé tri vanh 1i & cac vi
tri mong mudn khac;

- Diéu khién lai nhe nhang, nhay haon do gidm bét cac
lien két, dan dong co khi;

- D& dang thay déi ty sé truyén dan dong lai tir vanh tay
lai dén cac banh xe dan huéng;

- Ung dung trong viéc l3i xe tu dong, diéu khién tur xa,
trang bi trén cac xe chuyén dung...
2.DONG LUCHOC HE THONG LAI STEER-BY-WIRE
2.1. Xay dung mé hinh déng luc hoc bé phan chidp hanh
ctia hé théng lai Steer-by-wire

Hé théng lai SBW la mot hé théng co hoc phic tap gom
nhiéu bac tu do va lién két phuc tap, trong mé hinh déng
luc hoc thudng bao gém c6 cac phan ti c6 khéi luong va
cac lién két, d€ xay dung mé hinh toan cé thé sir dung
nhiéu phuong phap nhu phuong trinh Lagrange loai 2,
nguyén ly Dalambe, phugng phap hoa d6 (bond graph),
phuong phéap hé thong con... Trong nghién ctu trinh bay
hai phucng phap phé bién dé xay dung mé hinh toan cho
hé théng dong luc hoc dé la Lagrange loai 2 va nguyén ly
Dalambe dé chuyén bai toan déng luc hoc vé bai toan tinh
hoc bang cach dua cac m6é men quan tinh khéi lugng, khéi
lugng quén tinh vao co hé, khi d6 phuong trinh chuyén
déng sé dugc thiét lap trén co s& ldy téng cac md men, luc
tacdunglén co hé.

Trong mo hinh trén, déng co dién mot chiéu c6 nhiém
vu chinh cung cdp mé men Tty thay thé cho mé men danh
lai. DoNng co dién mot chiéu cé méd men quan tinh J,, dugc
néi véi co cau lai qua truc c6 dd cling xoan C, va dich
chuyén véi hé s6 gidm chan K,. Co cdu lai 1a co cdu thanh
réng, banh rang véi r,, la khodng cach tam thanh rang dén
diém &n khdp vdi banh rang. Thanh rang cé khéi lugng m,
¢6 d6 cuing C;, dich chuyén véi hé s6 gidm chan K;. Khoang
cac tu thanh rang téi truc banh xe rj, banh xe c6 mé men
quan tinh Jp.
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Hinh 1. M hinh b phdn chdp hanh hé thong Idi SBW
Ngoai ra, banh xe dan hudng ctia hé théng dugc mé
hinh héa véi @6 ciing va hé sé giam chan la C, vakK,.

Hinh 2. M hinh héa banh xe dan dudng

Nhu vdy, mé men can quay dugc xac dinh theo cong
thuc: 1., = K,d+C,a. Trén hé théng lai steer-by-wire, mo
men danh lai do dong co DC sinh ra dé khic phuc cdc moé
men can quay vong tai banh xe dan hudng. Mé men can
quay vong phu thudc vao nhiéu yéu té nhu: Ma sat hé
thong, quan tinh khéi lugng cum béanh xe va cac chi tiét hé
théng 1ai, goc dat banh xe, van téc chuyén dong, goc danh
lai, gia t0c danh lai va tinh trang mat dudng. Mé men can
quay vong c6 thé dugc thé hién théng qua su bién dang
cda lép. Mé men can quay vong tao thanh cac trang thai tai
trong trong hé thong lai steer-by-wire.
2.2. Thiét lap phuong trinh cho bé phan chap hanh hé
théng Steer-by-wire

Tu cac giad thiét trén, mo6 hinh toan hoc cha bd phan
chdp hanh biéu dién bang hé phuong trinh vi phan:

8 =t~ i (- 2) ~ o (0-2)
m.% = [KO.(G - g) n co.(e —i)]é— C(x— o) — Ky (x—ér,) (1)
Jox- & = [Ci(x—8r) + Ky (X — Srl)]. N — Teq
Thay t.q = K;a+C,a vao hé phuong trinh (1) ta dugc hé
phuong trinh:

I ]O.é=rM—K0.(é—é)—c0.(e—i)
| m.& = [KO.(G - 1) + co.(e —})]l— C,(x — ary) — K, (X — &) (2)
U Joet= (o= ar) + Ky (= @l — Kpé — Coa

Phuang trinh (2) dugc viét gon lai duéi dang ma tran
nhu sau:

[M]X — [K]X — [C]X = [q] 3)
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T phuong trinh hé théng lai dién phan tich nhu trén,
c6 thé khao sat cac trang thai diéu khién hé théng, th
nghiém bo diéu khién khac nhau, so sanh chat lugng diéu
khién, mé phdng tinh trang lam viéc cla hé théng véi diéu
kién thi nghiém khac nhau.

2.3. Mé hinh toan hoc cho déng co dién mét chiéu DC

Pong co dién mot chiéu co thé biéu dién bang mé hinh
trén hinh 3.

Tm.Om

Hinh 3. M hinh phén ting dong co dién mdt chiéu

Trong d6: V(t), L, R lan luct la dién &p, dién cam, dién tré
phan (ng, Vi,: stic phan dién déng, i,: cudng d6 dong dién
phan tng, 8,,,: géc quay cla roto (rad), T,,: mé men cap bai
dodng co, ¢: tur thdng cua stato.

Phuang trinh vi phan cudng dé dong dién phan ng:

L2+ Ri, = V(D) -V, (4)

Vi tir thong ¢ = const, K,,: 1a hé s6 mé men. M6 men
cla déng co dugc thé hién qua cong thuic sau:

Tm = Knia (5)

Stic phan dién déng phan ting dudc tinh qua cong thic:
dép,

Vb = Kb ? (6)

Trong dé: Ky, la stic phan dién déng.
Phuong trinh vi phan chuyén déng ca dong ca dién:
d?em, démy,

Jim a2 +BmT:Kmia_TC (7)
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VGi Bpy: hé s6 can

Bién dé&i Laplace phuang trinh (4) va (7) ta dugc:

(Ls+R)1i,(s) = V(s) — Ky,s0,(s) (8)

(JmS? + BmS) B (S) = Kipia(s) — tc(s) 9)

Ham truyén gitia hiéu dién thé va goc quay déng co khi
Tc=0:

_ 56 _ Km
G(s) = V() LmS3+BmL+RJm)S2+(KpKm+BmR)S

(10)

Bi€n d6i theo thai gian ta c6 phuang trinh vi phan bac
hai:

Tet) = V(D) = I (0) — (B + 2

) Bn(t) (11)

Phuong trinh (11) la phuong trinh todn cta dong co
dugc st dung trong tinh toan dong luc hoc cho hé théng
lai SBW.

3. UNG DUNG BO PIEU KHIEN PID CHO HE THONG LAl
STEER-BY-WIRE

So d6 diéu khién bd chdp hanh ctia hé théng lai Steer
by wire dugc thé hién trén hinh 3.

T Gm

) Bodiénkhién | | Dongcochip | '

) Bochiphinh |
Y (Ung dung PID) hanh

dan hurdng

Bll]

Hinh 4. So d6 cau tric diéu khién b chap hanh lai

S dung phuong phap Zeigle-Nichols dé xac dinh dugc
koh VA Tgp. TU d6 tim ra b thong s6 K, K, Ko, c6 K, = 72;
K = 84,74; K, = 15,3.

M6 hinh hé théng diéu khién bd chdp hanh dugc thé
hién trén hinh 4.

Hinh 5. M hinh hé théng diéu khién b phan chdp hanh
4. KET QUA MO PHONG

Trén hinh 5 thé hién két qua mé phdng cho thay sai léch
I6n nhat gila tin hiéu goc quay dau vao va tin hiéu goc
quay dau ra rat nhé (0,110). Nén dong co hoat dong 6n
dinh, cé d6 tin cay cao.

Sai lich max=0,00198Trad=0.11"

Hinh 6. Két qua md phong dong co dién DC
Trén hinh 6 thé hién sai léch gida tin hiéu géc quay
mong mudn vdi tin hiéu géc quay thuc té rat nho, khoang
0,00573°. D tré thdi gian nho, khoang 0,964s.
N Mar-14631° T T '

./ \'\

[Manmsr

Sai lich max=0.0001 rad=0.00873 B tri thi gian =0.9645

Hinh 7. Két qua md phdng b chap hanh

Trén hinh 7 cho thay khi ting dung bé diéu khién PID
cho hé théng chap hanh thi sai Iéch gan bang 0°. Va do tré
thai gian gidm (con 0,91s) so véi khi chua st dung bo diéu
khién PID.

N, — . — e

B 1 i gl =091
S e =" T—%

Hinh 8. K&t qua md phdng hé thdng diéu khién
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5.KET LUAN

Bai bao da xay dung déng luc hoc bdé phan chdp hanh
cla hé théng lai Steer-by-wire va lGing dung bo diéu khién
PID cho hé théng chdp hanh. Cac két qua mé phong trén
phan mén Matlab/Simulink nhan dugc két qua mong
muén.
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