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KHAO SAT VA PHAN TiCH PONG HOC HE THONG LAI
TRO LUC DIEN

DYNAMIC ANALYSIS OF ELECTRIC POWER STEERING SYSTEM

Nguyén Hong Quén*, Vii Vin Tin
B6 mén Co khi O t6, Truong Dai hoc Giao thong Van tai

TOM TAT

Tinh toan, phdn tich dong hoc va dong luc hoc hé théng ldi la can cir dé thiét ké hé théng
ldi, xdc dinh quy ludt diéu khién va thiét ké bé diéu khién cho dong co dién tro luc trén hé théng lai
tro e dién. Bai bdo trinh bdy phwong phép xdy ding, tinh todn, phin tich méi quan hé déng hoc
gitta vanh tay lai, dong co tro lyc dién va truc lai; phan tich dong hoc thuc cua cac khau, khop ti
vanh tay ldi dén cdc banh xe dan huéng; xdc dinh quy dao chuyén dong cia cdc khdu, khop khi xem
xét cdc khdu trong hé thong 1di la cimg tuyét doi. Poi twong nghién civu ciia bai bdo la hé thong ldi
tro luc dién tac dung vao truc lai CEPS (Column Electric Power Steering System), co hop giam toc
logi hé banh rang hanh tinh, hinh thang ldi logi 6 khdu. Két qud ciia bai bdo cé thé sir dung dé thiét
ké hé thong ldi tro lwc dién; Déi chitng mé hinh déng lwc hoc ciia hé théng ldi khi xét dén tinh dan
héi cuia cac khdu.

T khoa: EPS; M6 phong hé thong ldi; Tro lic ldi; Péng hoc hé thong ldi.
ABSTRACT

Researching and analyzing the kinematics and dynamics of the steering system is the basis
for designing the steering system, determining the control rules, and designing the controller for
the electric power motor on the electric power steering system. This article presents the method
of constructing, calculating, and analyzing the kinematic relationship between the steering wheel,
electric power steering motor, and steering column,; Analyze the real kinematics of the links and
Jjoints from the steering wheel to the guide wheels; Determine the trajectory motion of the links and
joints when considering that the links in the steering system are rigid. The research object of the
article is the Column Electric Power Steering System (CEPS), which has a planetary gear reduction
gearbox and a six-link steering trapezoid. The results of the article can be used to design electric
power steering systems, Check the dynamic model of the steering system considering the elasticity
of the links.

Keywords: EPS; Simulation steering system; Power steering, Kinematics.
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1. PAT VAN PE

Tinh toan, phan tich dong hoc va dong
luc hoc hé théng 14i 1a can cir dé thiét ké heé
théng 14i, xac dinh quy luat diéu khién va thiét
ké bo diéu khién cho dong co dién trg lyc trén
hé thong 14i tro lyc dién. Do d6, do chinh xéac
va su phu hop véi thuc té khi xay dung mo hinh
toan hoc dong hoc va dong luc hoc hé thng 1ai
s& quyét dinh tinh thich Gng cta quy lut tac
dong diéu khién tro lyc nhim dam bao tinh tuy
dong, tinh an toan va cam giac 1ai d6i véi hé
théng lai co trang bi bo phan tro luc.

Hién nay, cac nghién ciru vé quy luat
tac dong diéu khién tro luc cua hé théng lai trg
luc dién can ctr vao két qua tinh todn, phan tich
dong luc hoc hé théng lai c6 nhiing han ché
sau: Mot 1a, mo hinh tinh todn dong Iuc hoc hé
thong 1ai déu ké dén tinh dan hoi ciia cac khau
trong hé thdng 1ai, do d6 can cac thong sb vé
d6 cimg, hé sb can cua vat lidu, tuy nhién cac
thong s6 nay néu khong lay tir thir nghiém thi
kho dam bao duoc do chinh xac can thiét, dic
biét 1a hé sb can cua cac khau, dan dén két qua
tinh toan dong luc hoc thiéu do tin cay; hai la,
mo hinh tinh toan chi dugc xay dung tir vanh
tay 1ai dén thanh rang, chua xét dén cac khau tir
thanh ring dén cic banh xe dan hudng; ba I3,
mo hinh khong xét dén kich thudc thuc té cua
cac khau, chua tinh todn dong hoc va dong luc
hoc chuyén dong thuc, quy dao chuyén dong
va khong gian bd tri cac khau trén xe thuc [1-
8]. Bé khic phuc cac han ché trén, bai bao nay
s€ trinh bay phuong phéap xay dung, tinh toan,
phan tich mbi quan hé dong hoc giita vanh tay
lai, dong co trg luc dién va truc lai; phan tich
dong hoc thuc cua cac khau, khép tir vanh tay
1ai dén cac banh xe dan huéng; xac dinh quy
dao chuyén dong va khong gian bd tri cac khau,
khép khi xem xét cac khau trong hé thong lai
1a ctmg tuyét d6i [9-10]. Pi twong nghién ctru
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ctia bai bao 1a hé thdng 14i tro lyc dién tic dung
vao truc lai CEPS (Column Electric Power
Steering System), sit dung hop giam toc hé
banh rang hanh tinh, hinh thang 14i loai 6 khau.
Két qua ctia bai bao co thé str dung dé thiét ké
hé théng 1ai tro lyc dién. Poi ching mo hinh
dong luc hoc cua hé thong 1ai khi xét dén tinh
dan hoi cta cac khau va xac dinh quy luat diéu
khién cta bo diéu khién dong co tro luc dién
trén hé théng lai tro luc dién.

2. XAY DUNG MO HINH PONG HQC HE
THONG LAI TRQ LUC PIEN

2.1. Xay dung mo hinh toan hoc dong hoc hé
thong lai trg lyc dién

Céc gia thiét khi xay dung m6 hinh: Coi
céc khau 1a cing tuyét ddi; bo qua lién két truc
cac-dang tir truc 14i dén co cu lai. So d6 dong
hoc hé théng lai tro Iuc dién CEPS, chon hé
truc toa d6 XOY co gbe toa do 1a diém C, ky
hi€u kich thudc, goc quay, goc dat cac khau va
ky hiéu cac khép trong hé thdng 14i nhu hinh 1.
Thong s dau vao nhu bang 1.
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Hinh 1. So d6 mé hinh dong hoc hé théng lai
CEPS
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gdc quay cua vanh tay 1ai 1, (banh rang mat troi
Z,), dong co di¢n Z_, banh rang bao Z , banh
rang ha‘gnh tinh Z, truc 14i 2, truc rén~g 3,0, 0,
¢, ¢, lan lugt 1a goc cua cac thanh déq dong lai
15,16, 17, 18 so véi phuong ngang (chiéu duong

la chi€u ngugc chi€u kim dong ho); T, T , T,
— Mo6-men danh 14i, mo6-men dong co dién trg
luc, mo-men cam bién thanh xoan; V — Van toc
0 to.

Bdng 1. Théng sé dau vao

Théng s6 Ky hiéu Gia tri Pon vi
Chiéu dai cac thanh dan dong l1ai | 1 SN 0,0615/0,0380/0,1770/0,0380/0,1770 m
Khoang cach gitia th’anh rang va h 0.1480 m
truc dan hudng
Khoang cAach tam l?anh xe dén . 0.0250 m
tam truc dung

Khoang cach tam hai tru dung m 1,4900 m
Chiéu dai co so clia xe WB 2,6700 m
Ban kinh tryc rang co cAu lai Rp 0,007 m

S6 rang banh rang trén tryuc lai Z, 50

S6 rang banh rang bao z 98

S rang banh rang vi sai Z, 24

S ring truc vit Z 4

S6 rang banh vit VAN 48

Ty sb truyén hop giam tdc i 12

2.}.1: ]l{o hinh tl.)fm hoc dgmér hoc tur 1:anh tay B = G fim
ldi va dpng co dién trg luc dén truc rang Zg+KaZy ..
Pn=——"""Pa 3)
dTen
Tu hinh 1, ta xay dung dugc cac phuong P3= Py

trinh dong hoc nhu sau:

Pn = ':Pmﬁm

Zg 4K Zn
Py = ;d+zn Pa (1)

P3 =Py

':pn = ';bmﬁm
| Zg4KZy .
P = Za+Z, Pa ()

P3 = Pu

Trong d6: K; = @ /94— Hé s6 khuéch
van toc cua tro Iuc dién.

2.1.2. Xay dung moé hinh toan dong hoc hinh
thang lai

2.1.2.1. Xac dinh toa do va vi tri cac khdu, khop

a. Xéac dinh toa d6 cac diém A, B, C, D, E, F,
N, L

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 314, thang 4 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

XE = ﬂ
o @
xp = —lgsing
{ o = 1oc0SD, (5)
Yp = LgCOS0Q,
X4 = xg—Izsin
[ A_ g {5 SIQ, ©6)
Ya =Yg+ lgcosqg
{xN = X¢ + asin(@, — @) ;
YN = Y¢ — acos(@, — @gp) M
XF = D
s = m ®
Xp = X4
{}’ﬂ =ystl ©)
{ xg = Xp—lgsing,
Vg = ¥r +lgcosg, (10)
[xL = xf + asin(Qg — @) an
Y = Yr +acos(9; — Pgp)

b. Xac dinh dich chuyén cta thanh ring y ,va
1’11’ n2

Ya = @3Ry, (12)
ny = L‘ + ¢3R, (13)
n, =" h + Q3R (14)

c. Xac dinh ¢, ¢, ¢, ¢,

T so dd dong hoc, ta co:
L+lg=h+n; (15)

= 12=h?+ni+12+ 2hn,cos90°

— 2hlsc05(90° — @s5) — 2n4lscosps  (16)
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bat: A=—2hl;B=-2n1;C = h? + n? + 12— 12

175

= (g = 2arctg— —

Tu (15)=> h? + n? + 12— 12

— 2hlssings — 2n4lscosps = 0 (18)
bat: D= —2h16; E= —2n116;F =h?+ni+12-12
D+/D2+E2-F2
Qe = 2arctg —F (19)
Tuong tu, ta co:
L+h —h+mg (20)
@; = 2arctg Sl G;:ijz_m
_, wEnewe D
Pg = a’rcth
Vé6i:  G=-2hl; H=-2n1;
K=nh?+n5+15—15;L=-"2hl;M=-2n],

N=h*+nd +1% 12

2.1.2.2. Xdc dinh van téc cdc khéu

a. Xac dinh van toc dich chuyén ngang cua
thanh ring Va : Vs = @3Ry (22)

b. X4c dinh @5, %6, 7, Pg
Chiéu phuong trinh (16) 1én hé tryc toa

do XOY, ta co6 h¢ phuong trinh:

{—Issinqps — lgsings = —h

lgcos@g + lzcos o5 =1y

::}{ —lgcospepe — Iscospsps = 0
—legsingePe — lssings@s = —ny

{'ﬁf’s = —111c05@s5/(lgsin(@s — ¢5))

(=
$s = 11100506/ (Isin (P — @) (23)
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Tuong tu, chiéu phuong trinh (18) 1én
hé truc toa d0 XOY va dao ham, ta co:

{ @7 =nyc08@g/(l75in(@s — @7)) (24)

Pg = —Mc08¢;/(lssin(@g — ¢7))
2.1.2.3. Xac dinh gia toc cdc khdu

a. Xac dinh gia toc dich chuyén ngang cua
thanh rang

bao ham phuong trinh (22), ta c6:
Vi = @aRy (25)
b. Xac dinh @s, P, @7, Pg
Dao ham hé phuong trinh (23), ta co:

[ isSin(Ue(baz; —lgcospeds + IESin';UE';bE — lscospggs =0
—IﬁmSWe'ﬁbé — lgsingedis — 15505(05(‘.’% — lgsings s = —1iy (26)

o [ s = Uﬁﬂn‘ﬂﬁ‘f’é — lgrospes + i55in‘05¢§)/(15-5m‘05)
G = (71— iﬁCOS‘Pﬁ‘f’é - 15'705(05("’%)'705(05/”551'71(‘% +@s))
bao ham hé phuong trinh (24), ta co:
{ G7 = (Iasmﬁﬂs'@é — lgcos@ggis + 17557’1407@%]/[17-55“407) (27)
g = (fiy — Iefﬂsﬁoeﬁbé — L3057 %0507 [ (lz5in(g + @7))

Nhu vay, tir cac phuong trinh trén, ta co
thé xac dinh dugc quy dao, vi tri, van toc va gia
toc cua cac khau, khop trong hé thong lai.

2.1.3. Xdy dung dwong ddc tinh dong hoc
quay vong banh xe dian hwong

Puong dic tinh 1y thuyét quay vong
dung cuia banh xe dan huéng:

cotago — cotagB, =m/WB  (28)

Puong dac tinh theo dong hoc cua hinh
thang lai:

0‘ - Bu= ((Pg_ (pﬁ) (29)

D6 léch géc quay banh xe dan huéng
theo 1y thuyét va theo dong hoc ciia hinh thang
lai:

AB =B, B, (30)

Trong d6: o, p — Goc quay banh xe dan
hudng bén tréi va bén phai.

2.2. Xay dung mo hinh mé phéng trén
Matlab Simulink

Mo hinh mé phong dong hoc hé thong
lai CEPS trén Matlab Simulink nhu hinh 2.

-
P
o+
dP
aserin|— (T4
A P
N pren [—(15 )
P
aFham
dPhiim
-
ddPhim
Pt [—B{{_18 )
bR 1 Phid
P
Piad bn dPted
w25
el Phied
T R e
g |—w(22)
Slnaring whasl il 0
ol
ddFihiH
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EPS kirsrmatcs

-

EFS dvnaemic moal
a. Tir vanh tay ldai den truc rang
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b. Tir thanh ring dén cdc banh xe dan hwéng

o

‘II - “:’p::

[ veu ¢

2 &

(=1

c. Dac tinh dong hgc quay vong cia banh xe
dan huong ,
Hinh 2. M6 hinh mé phong dong hoc hé thong ldi
CEPS

3. KET QUA VA PANH GIA KET QUA
3.1. Phén tich anh hwéng ciia hé s6 K,
Tr cong thire (1), (2) va (3), ta thay:

- Néu K, > 1 hay ¢_> P, thi ¢, > 0,
@r > @ava Pu > Pa, lac nay hé théng 1ai co
trg luc dién sé 1am tang goc quay, ting toc do
quay va gia toc quay ctia banh xe dan hudng so
vo1 hé théng 1ai khong ¢o tro luc.
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Néu K, =1 hay ¢ = ¢ thi ¢, = ¢
®u = Pa vaPu = Pa, lac nay hé thong l4i co
trg luc dién s& lam thay doi gbc quay, tdc do
quay va gia tdc quay cua banh xe dan hudng.
DPong thoi, goc quay banh xe dan khong phu
thudc vao sd ring cua b truyén hanh tinh
(khong phu thugcvao 2, Z , 7).

—NéuO<Ka< 1 hay 0 <o, <@, thi0<
0y <0;0 <@y <@g va U«ciqii,g{:qiid,lﬁc
nay hé théng l4i c6 tro luc dién s& lam giam goc
quay, giam toc d§ quay va gia toc quay cua banh
xe dan hudng so v6i hé thong 14i khong c6 tro luc.

-NéuKaZOhay(p"ZOthi(pHZ
O LZJ(Zy+ Z); @u= Pala/(Zg +2Zp) va

$u= Pala/(Zg + Zy), day la trudong hop
dong co di¢n co su cd khong hoat dong hoac
khi m6-men danh lai nhé hon mé-men kich
hoat dong co. Liic nay, ti sd truyén dong hoc
giam di (Z, + Z )/Z 1an. D¢ diéu khién banh xe
dan huong phai tang goc quay cua vanh tay lai
va tang mo-men tac dung 1én vanh tay lai.

-NeuO>K >-Z /7 th1(pH>O banh xe
dAn huéng van quay cung chidu vé6i chidu quay
ctia vanh tay lai nhung quay rat nho va cham.

- Néu K,=-Z2/Z thi ¢, = 0, banh xe
dan huéng khong quay khi quay vanh tay 14i.

- Néu K, <-Z/Z thi ¢, <0, banh xe
dan huéng quay nguoc chleu quay voi chiéu
quay cua vanh tay lai.

Tir phan tich trén c6 thé thdy, viéc lya
chon K khi thiét ké bo phan tro lyc dién va
diéu khlen tbc do quay cua dong co dién anh
huéng tryc tiép dén tinh tily dong cuia hé thong
1ai, cam giac 1ai va tinh an toan chuyén dong

cua 0 to.
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3.2. Két qua md phéng dong hoc hé thong lai
3.2.1. Géc quay vanh tay ldi ting din déu

Két qua mo phong khao sat dong hoc hé
thong 14i khi K_= 1,5 va géc quay vanh tay lai
tang dan déu g,= 0° +=612° (1,7 vong vé hai
phia) nhu hinh (3) dén hinh (10).
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Hinh 3a. Bién thién cia P, ¢, 0, theo thoi gian
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Hinh 4b. Bién thién cia v, theo ¢,

[ | q——
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Hinh 5a. Bién thién ciia ¢ > @, theo thoi gian
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Hinh 5b. Bién thién cia ¢, ¢, theo ¢,

—r
w =

i

|;1=.. 40 .
"'|:|. : ‘I
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=L 1 LB} . rd.) L]
| v 1)

Hinh 6a. Bién thién cia 9, ¢, theo thoi gian

100 | t
— e, T
| = L
g
£ | -
kol s
ol _.___._,_.—'-"""l

Mo a8 a3 ] FL Lon
Pl (da)

Hinh 6b. Bién thién cia ¢, ¢ theo ¢,

— i
|"n’-': == = -l

2T L)

-] 1 L3 z e -]
T [0)

Hinh 7a. Bién thién ciia §5, 96 theo thoi gian
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Hinh 10a. Bién thién cia $7,Ps theo thoi gian
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Hinh 10b. Bién thién cia $,@g theo ?,

Nhén xét: Tir cac hinh (3), (4), ta thdy
quan h¢ gitra goc quay @, ¢ _, ¢, va dich chuyén
y, 1a quan hé tuyén tinh va ti 1¢ thudn, diéu nay
s& tao thuan loi cho viéc thiét ké bo diéu khién
ECU. Tir hinh (5), (6) cho thdy khi |¢ | > 600°
thi @, = ¢, (hodc ¢, = @,) c6 nghia hinh thang
1ai sat gan diém gioi han (W thang hang hoic
L, 1, thdng hang). Tir hinh (7) dén hinh (10) cho
thay khi gan dén diém gidi han, van toc va gia
tde goc cua cac thanh 1, 1, 1, 1; tang 1én rat
nhanh va c6 gi tri rat 16n.

3.2.2. Danh ldi hinh sin
Két qua mo phong khao sat dong hoc hé

théng 14i khi K_= 1,5 va goc quay vanh tay lai
hinh sin nhu hinh (11) dén hinh (14).
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Nhan xét: Tir hinh (11) dén hinh (14), ta thay khi goc quay vanh tay 14i theo hinh sin thi goc
quay, van tdc, gia toc ctia cac khau, khép trong hé thong CEPS 1ai van dam bao dugc ty 18 vé quan
hé dong hoc nhu danh lai déu. Diéu ndy ching mé hinh toan hoc va mé hinh mé phong duoc xay
dung 14 ding.
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3.3. Két qua mé phéng dic tinh dong hoc
quay vong banh xe din huéng

Két qua mo phong dong hoc quay vong
banh xe din huéng nhu hinh (15) d&én hinh (18).
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Hinh 15a. Bién thién ciia a, B, vap, theo ¢,

Hinh 15b. D¢ léch Ap theo ¢,
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Hinh 18b. Bién thién ciia AP theo ¢,

Két qua mo phong khao sat dong hoc

quay vong ctia banh xe dan huéng khi goc quay
vanh tay lai hinh sin nhu hinh (20).

&



NGHIEN CUU - TRAO DOI

Anpha-Besin jda)
=
-
Snpha-dBsta (dofsl)

Hinh 19a. Goc a,

Nhan xét: Tir hinh (15) dén hinh (18),
c¢6 thé thdy: Giéi han (diém chét) goc quay
banh xe dan hudng phia trong va phia ngoai 1a
50,0569°/32,2079°, tng v4i goc quay vanh tay
1ai 12 604,8°. Khi géc quay banh xe dan huéng
phia trong ttr 0° + 44° (ing v6i ¢, = 0° + 570°)
thi géc léch AB =|B, — B, < 1,5°, néu tiép tuc
tang ¢, thi AB>1,5° va tang rat nhanh, liic nay
hé thong 1ai khong dap Gmg yéu cau dong hoc
quay vong ding cua 6 t, vi vy voi hé thong
lai ndy can c6 bd phan han ché hanh trinh dé
gid1 han géc quay ra phia ngoai ciia banh xe
dan huéng khong quéa 44° trong qué trinh 1am
viéc. Piéu nay van thoa man dugc yéu cau thiét
ké hinh thang lai dam bao goc quay 16n nhat
45°. Tur hinh
(19), ta thdy khi goc quay vanh tay 1ai theo hinh

ctia banh xe dan huéng dat 40° +

sin thi goc quay, van tdc, gia téc cua cac banh

xe dan hudéng van dam bao dugc ty 1¢ vé quan

hé dong hoc nhu danh 14i déu.

3.4. Két qua mé phong quy dao hé thong lai
Két qua mo phong quy dao chuyén

dong cua cac khau, khop va cac banh xe dan
hudng nhu hinh (20).
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Hinh 20. Quy dao chuyén dong ciia cdc khdu, khép
hinh thang lai

Nhén xét: Tt hinh (20), ta c6 thé xac
dinh duoc quy dao chuyén dong va vi tri cia
cac khau, khdp va banh xe dan huéng trong hé
thong 1ai. Két qua cho thay kich thudc va bd tri
ctia hinh thang 1i 13 hop 1y, khong gian chiém
chd nhd, cac khau khép khong bi va cham khi
chuyén dong trong gidi han goc quay cta banh
xe dan hudng.

4. KET LUAN

Bai bao da xdy dung dugc cic cong
thirc xac dinh dong hoc gitra cac khau, khop
trong hé thong 1ai CEPS sir dung hop giam toc
loai h¢ banh rang hanh tinh, hinh thang lai loai
6 khau; Xay dung mo6 hinh mo phéng dong hoc
trén phan mém Matlab Simulink; phan tich
quan hé dong hoc gitra vanh tay lai, dong co

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 314, thang 4 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

dién va tryc rang; khao sat dong hoc hé théng
141 nay trong truong hop goc quay vanh tay lai
déu va hinh sin véi hé sb K, = 1,5; xac dinh
dugc quy dao chuyén dong va khong gian bd
tri cac khau, khép. Két qua khao sat cho thay:

- Phuong phap tinh todn va cac cong
thtre tinh 1a diing dan va dam bdo do tin cdy.

- Kich thuéc va bé tri cac khau, khop
cta hinh thang lai hop ly, dam bao duogc do
lech A = [B,— B,/ < 1,5° khi géc quay banh xe
dan hudng phia trong tir 0° + 44°. Khi géc quay
banh xe din hudng 16n hon 44° thi AB> 1,5° va
tang rat nhanh, vi vay can c6 bd phan han ché
hanh trinh dé gidi han goc quay ciia banh xe
dan huéng khong qua 44° trong qua trinh lam
vigce.

Gidi han (diém chét) goc quay banh
xe dan hudng phia trong/phia ngoai la
50,0569°/32,2079°. Trong gidi han nay, khong
gian chiém chd hinh thang l4i nhd, cac khau
khép khong bi va cham khi chuyén dong trong
gi6i han goc quay ctia banh xe dan hudng.

Két qua cua bai béo 1a tién dé dé: Tinh
toan dong luc hoc va thiét ké hé thong 1ai tro
luc dién; Boi chtirng mo hinh dong luc hoc cua
hé thong lai khi xét dén tinh dan hdi cia cac
khau va xac dinh quy luat diéu khién cua bod
diéu khién dong co trg luc dién trén hé théng
lai trg luc dién.

C6 thé ap dung phuong phép tinh cua
bai bao dé tinh toan dong hoc cac h¢ thong lai
tro luc dién tuong tu khéc trén 6 to.

Loi cam on:

Nghién ctru nay dugc tai trg bdi Truong
DPai hoc Giao thong Van tai trong dé tai ma so
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