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TOM TAT

Trong bai bdo nay, trinh bay co sé Iy thuyét ciia hé théng ldi tro lyc dién C-EPS, tir d6 xdy
dung mé hinh phi tuyén ciia hé. Trén co sé do, xdy dung mé phong cdc thanh phan cia hé thong va
sir dung cong cu Identification System ciia Matlab & Simulink dé nhdn dang hé phi tuyén C-EPS vé
hé tuyén tinh. Két qud, cac ddac tinh dau ra la mé-men tro luc ldi cia hé tuyén tinh C-EPS nhdn dang
dwoc so sanh voi hé phi tuyén C-EPS cho thdy sw tuwong dong gitta hé tuyén tinh va hé phi tuyén
ddp g dwoc yéu cau ddt ra trong sudt qud trinh diéu khién. Ngodi ra, két qua mé phong hé thong
cho thdy tinh wu viét cia phirong phédp nhdn dang hé phi tuyén so véi phwong phdp tuyén tinh héa
hé thdng, giup cho viéc tinh todn diéu khién hé théng ldi tro luc C-EPS dwoc don gian va hiéu qua
hon.

Tiwr khoa: Hé théng ldi tro lyc dién C-EPS; Nhan dang hé théng,‘ Cong cu nhan dang trong
Matlab.

ABSTRACT

This paper, the theoretical basis of the C-EPS electric power steering system is presented,
from which a nonlinear model of the system is built. On that basis, build a simulation of the system's
components and use the System Identification tool of Matlab & Simulink to identify the C-EPS
nonlinear system and different linear systems. As a result, the output characteristics of the power
steering torque of the identified C-EPS linear system are compared with the C-EPS nonlinear system,
showing the similarity between the linear system and the nonlinear system to meet the requirements
set during the control process. In addition, the system simulation results show the superiority of the
nonlinear system identification method compared to the system linearization method, helping to
simplify the calculation and control of the C-EPS power steering system and more effective.

Keywords: Electric power steering system on C-EPS steering column, Identification system
in Matlab.
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1. TONG QUAN

H¢ théng lai ¢6 hai nhiém vu chinh la:
diéu hudng cho xe 6 to theo quy dao chuyén
dong nhu mong mudn cua ngudi 13i, tao cam
gidc 1ai chan thuc, d& dang cho nguoi didu
khién xe 6 t6. Hai nhiém vu dé trén duoc thuc
hién boi hé thdng 14i, trong d6, hé thong lai tro
luc dién trén tru l1ai (C-EPS) c6 tinh wu viét,
can clr vao van toc ciia xe, mo-men cla vo lang
hé théng bd sung thém mo-men lai can thiét
thong qua dong co dién tro luc 1ai, gitp xe 0
t6 chuyén huéng dé dang khi chi can mot luc
quay vo ling nho, gitp ngudi diéu khién xe
di chuyén nhe nhang. Hé thong 1ai 1a mot hé
phi tuyen phuc tap, ¢ tai dong, vi vy dé diéu
khién hé thong 141, chiing ta can don gian hoa
mo hinh diéu khién.

Két qua tong hop bo diéu khién phu
thudc rat nhiu vao md hinh md ta cua doi
tuong. Nguoi ta thuong st dung hai phuong
phap mo hinh héa ddi twong: phwong phap 1y
thuyét va phuong phép nhan dang. Hé thong
14i trg luc dién trén try 1ai C-EPS da c6 nhiéu
nghién ctru duoc cong bé [4-7] duoc cac tac gia
tap trung vao xay dung mo hinh phi tuyén phirc
tap. Trong bai bao nay, dé xuit phuong phéap
nhan dang phi tuyén hé théng lai tro Iuc dién
C-EPS nham muc tiéu don gian héa mo hinh
diéu khién va mé phong bang céng cu Matlab
& Simulink.

2. CO SO LY THUYET HE THONG LAI
TRQ LUC PIEN

2.1. CAu tric hé thong lai tro I dién

Trong Hinh 1a mo ta cAu tao vat ly cua
hé thong 14i. Cac thanh phan trong ciu tric cua
hé thong 1ai bao gom: vo lang, cot lai, thanh
rang va co cdu banh ring. M6-men xoan tir vo

ling duoc do bang cam bién moé-men gin trén
cot 1ai va két néi véi bo diéu khién dién tir ECU.
Mo-men xodn hd tro dugce sinh ra boi dong co
PMSM tr¢ lyc lai thong qua banh rang, thanh
rang vdi cac gia tri mo- men xodn hd tro khac
nhau tiy thudc vao vén toc cia xe, no cung cp
mo-men xodn hd trg cho nguoi lai diéu hudng
cua xe 0 to.

2.2. M6 hinh toan cac phin tir trong hé thong
1ai trg luc dién C-EPS

a. Pong hoc ciia hé thong lai tro' Iye dién C-EPS

Dong hoc cua hé théng lai tro luc dién
trén cot 1ai C-EPS (Hinh 1b) duoc thé hién nhu
sau [6]:

- Bong hoc cua vo lang va cot lai:

Jsés :Td_Ks(es_er)_BsH.s (1)

- Bbong hoc cia h¢ théng tro luc lai:

Jmém = Tm _Km (93 _imer)_Bmé’” (2)

- Pong hoc ciia hé thdng thanh ring
truyén luc lai:

b, =LK, (6, -1,6, )i + K, (6,-6,)]- B,iK,x (3)

Tp

[ ECU didu khikn EPS

Wi lding lai
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(b)
Hinh 1. a — Cdu tao hé thong ldi tro e dién
C-EPS, b — Dong hoc hé thong ldi tro lyc dién
C-EPS

b. Tinh toan mé-men diit cho b diéu khién

B6 diéu khién ECU c6 nhiém vu nhan
tin hiéu moé-men xodn tir vo ling va van tdc
cta xe 0 t6. Hai tin hiéu dau vao dé duoc dua
vao ham thyuc hién chirc nang lya chon mo-men
xodn phu hop [6].

0, 0<T,<T,
Ty = t”‘](")s Tyo < Ty < Tty 4)
TN TdMax STd

trq (v) = (40,0606 +0,0003" (7, ~ Ty (5)

Tuy vao van tbc cua xe O t6, md-men
xodn tro lyc duoc tinh bang (4), (5). Ngudng
T,, dit & mic 1Nm, néu dau vao tir vo ling
cd mo-men xoan nho hon ngudng nay, moé-men
trg luc 1ai khong dugc trg luc 1ai va cho nguoi
lai cam giac 14i tot hon. Néu md-men xoén tir
v lang cao hon ngudng t6i da,T vy 18 7NM t}li
dong co trg luc 1ai s€ cung cap mo-men xoan
toi da 24Nm.

3. CO SO NHAN DANG HE THONG

3.1. Ciu tric va cac buéc nhian dang md
hinh hé thong

Nhan dang hé théng 1a phuong phap
xdy dung mo hinh toan cua hé thong dya vao
dir liéu vao/ra quan sat dugc. Trong Hinh 2
bao gém u(k) 1a tin hiéu vao, y(k) 1a tin hiéu
ra, y(k,0) tin hiéu ra cia mé hinh nhan dang,
v(k) tin hiéu nhiéu. Viéc nhan dang h¢ théng
bao gém bdn budce: thi nghiém thu thap s liéu,
chon cdu trac md hinh, udc luong cac thong sd
va danh gia mo hinh. Hinh 3 thé hién qua trinh
nhan dang dir liéu [1].

uik)

Tiahk [ Ly 7| k. &)

k& gui
wl &kl
- Hi thdas

a)
Thi nghicm thn

N thi p dir lidu
=
3o
-3
FE
=
e

]
==
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B & hom déu chudn

-
i = ke Busglisg
i3

1 Uide hedng théng =6
- = —'| ] 2
£ T ]
3 I

................. Khbag 151 = Mplyi

Khéung 101 = xét Lai
théng tin bidn mnrde Ton = chiflp mhjon md sk

(b)

Hinh 2. a — Cau tric nhan dang mo hinh hé tho”'ng,
b — Cdc budc nhin dang hé thong
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3.2. Uéc lwgng mo hinh trong khong gian
trang thai

Duy béo dap tmg cua hé théng duoc mod
ta trong Hinh 2, bd du bdo c¢6 dang nhu sau:

j/(k,@) 1) (k,9)49 (6)

Phuong trinh (6) duoc goi 1a bo du bao
dang hoi quy tuyén tinh c6 cau tric nhu Hinh 4,
vi b§ du béo tuyén tinh theo tham so 0.

Hé tuyén tinh dwoc mo ta bang phuong
trinh trang thai [1], [2]:
x(k + 1) = Ax(k)+ Bu(k)+ w(k)
_ (7)
y(k) = Cx(k)+Du(k)+v(k)

Can udc luong cac ma tran A, B, C, D
dé mé ta duoc quan hé gifra vao — ra cta hé
thdng. Van dé gay ra kho khin ¢ day 1a c6 vo
s6 phuong trinh dang (7) ¢ thé mé ta duoc hé
théng tuy thudc vao cach chon bién trang thai.
Tuy nhién, phuong trinh trang théi (7) dugc rut
ra tir mo hinh vét 1y thi céc bién trang thai hoan
toan xac dinh. Gia st trong thi nghiém thu thap
s liéu, ta khong nhimg do duogc y(k), u(k) ma
con do duoge ca cac bién trang thai x(k), k =
1,2,....N. Do céc bién trang thai da xac dinh
nén phuong trinh (7) cdc ma tran A, B, C, D
cling da xac dinh [1], [2]:

x(k+1)
Y (k)= (8)
) L(k) }
A A B X
- Vector tham so: 6:{ },Vector hoi
C D

quy: (/)(k){flgﬂ , vector nhiéu: E(k):[w(k)}

3.3. Uéc lwgng tham s6 clia mé hinh

Nguyén tic udc lugng tham sb: gia st
ching ta da chon dugc cau trac mo hinh thich

hop voi hé thdng can nhan dang va dong thoi
da thu thap dugc N mau dit liéu, dua ra bo du
bao 7(k|6):

ZV ={u(1),y(1),.u(N),y(N)} )

- Vén dé dat ra la xac dinh tham sé 6N
dua vao Zt, chung ta co6 thé tinh duoc sai s6 du
bao:

£(k.0) = y(k)- 5 (k.0) (10)

Ta can xac dinh tham s6 6N sao cho sai
s6 du bao cang nho cang tot, co hai phuong
phap xac dinh: mot 1a, loc sai s6 du bao béng
bd loc tuyén tinh L(q), hai 13 str dung ham danh
gia v (0,Z%) [1], [2].

- Phl{:ong phap jbinh phuong tdi thiéu co
bd du bao hoi quy tuyen tinh c¢6 dang:

$(k,0)= 9" (k)0+ p(k) (1)

Sai s6 du bao la:

e (k0)=y(K)~o" ()0-u(k)  (12)

Tiéu chuan binh phuong tdi thiéu:

vN(H,ZN):%i[y(k)—(pr(k)ﬁ—,u(k)f (13)

k=1

Do V ¢6 dang toan phuong nén chiing
ta c6 thé tim cuc tiéu bang cach cho dao ham
bac 1 theo tham s6 bang 0 [1], [2]:

= o)1) -#]=ToWle (1] (14

Suy ra, tham s6 udc lugng dugc xéc
dinh nhu sau:

0-| Sotwye 0] To[s®)-u(t)]  (15)
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4. NHAN DANG HE THONG LAI TRQ
LUC PIEN C-EPS

Bo cong cu nhan dang (Identification
Toolbox) ctia Matlab hd trg dﬁy du cac tién ich
dé co thé dé dang giai bai toan nhan dang mo
hinh [2]:

Mot 13, xir 1y dit liéu: Loc nhiéu, phan
doan dir lidu, két hop dit liéu tir nhidu thi
nghiém, 1dy mau lai. Céu tric mé hinh: Ident
c6 thé nhan dang mé hinh khéng tham s6 va mé
hinh ¢6 tham sb;

Hai 13, wdc luong tham sb: Cac phuong
phap uéc lwong mo hinh khong tham sé 1a
phuong phép binh phuong t6i thiéu, phuong
phap tuong quan,... [2].

Giao di¢n cua by cong cu System
Identification thé hién trén Hinh 3. Giao dién
nay cho phép dé dang thyc hién cac budc nhan
dang hé thong nhu xir 1y dit lidu, udc luong
thong s, danh gia mo hinh [2].

Tuy vao van tdc cta xe O t6, md-men
xodn trg luc duoc tinh bang (4), (5). Ngudng
T, dat ¢ l’nl'J.’C’ INm, néu dau vao tir vo lang
c6 mo-men xoan nho hon ngudng nay, moé-men
tro luc 1ai khong dugc trg luc 1ai va cho nguoi
lai cam giac lai tot hon. Néu mo-men xoan tir
v ling cao hon ngudng tdi dq T . 18 7Nm thi
dong co trg luc 1ai s€ cung cap mo-men xoan
t6i da 24Nm.

Trong nghién ctru nay st dung phuong
phap nhan dang hé phi tuyén thanh hé tuyén
tinh. Viéc nhan dang mo hinh hé C-EPS duoc
tién hanh béng viéc thu thap dir liéu vao/ra tac
dong vao md hinh la dang hinh sin v1 hé C-EPS
tin hi¢u vao Input = Td, tin hi¢u ra Output = Ts,
v6i dong co trg luc PMSM tin hi€u vao Input =

Tm, tin hi¢u ra Output = Te.

Khi cap nhat tap tin hi€u vao/ra vao
giao dién Hinh 3, ta tién hanh chon céu trac cua
mo hinh. Theo (1), (2), (3) cia C-EPS va mo
hinh dong co PMSM, nhém tac gia Iya chon
c4u trac mo hinh nhan dang ciia hai thanh phan
12 mé hinh khong gian trang thai tuyén tinh c6
dang:

(17)

xX=Ax+Bu
y=Cx+Du

T
la e

]
|

_— x
T :
o+

| &

AT o S R

ey s = | Y T

(b)

Hinh 3. a — Giao dién nhan dang hé lai tro luc

C-EPS; b — Giao dién nhén dang dong co PMSM &~
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Hinh 4. Mé hinh mé phong va nhdn dang hé thong
lai tro lwc diéen C-EPS

Viéc udc luong cac tham s6 do Matlab
thuc hién bang phuong phap hdi quy nhu thé
hién trong Hinh 2a, m6 hinh can nhan dang hé
C-EPS dang phi tuyén nhu phuong trinh (1),
(2), (3) nén chon bac ciia md hinh la bac 3. Ta
tién hanh chay mo phong voi cac thong so tir
Bang 1, so dd Simulink Hinh 4 va thu thap di
li¢u, sir dung giao di€n cong cu nhan dang Hinh
3 tién hanh nhan dang, ta thu dugc cac ma tran

hé thong trong mo hinh khong gian trang thai
cua hé C-EPS, voi d0 chinh xac cia mo hinh

dat B, .= 97%.
-0,0003919 1,725 0,06243
A= 1723 00338 1049 |,
0.08449  -8.967  -9.593
1105
B=|9.242 | C=[-08428 00173 0,001734] D=[0] (18)
63.7

Msrmmen T tir v g
—Wan Ta o0 S0 PMSM hi b ks £-8PS
——Harman Ta diing oo PREM hi hepbn Sk £EP8

B0

Hinh 5. Bdc tinh mé-men hé phi tuyén va tuyén
tinh cua hé thé'ng ldi tro lyc dién C-EPS

Bdng 1. Bang thong sé ciia hé thong ldi tro hee dién C-EPS

Théng s6 Ky hiéu Pon vi Gia tri Thong s6 | Ky hiéu | Pon vi Gia tri
Cong suit ciia Mo-men
& P, [kW] 22 | quantinhve| T [Ke.m?] | 0,0012
dong co m - i s
lang lai
Tbc d6 dinh mirc Hé s ma sat
dong co n, [v/p] 1000 clia c0t l4i B, [Nm/rad] 0,26
Dién aP dinh murc U V] 13 bo cu"n_g cot K [ern.rad‘ 15
dong co lai s .s]
Dong di¢n cua Goc lai cua
dong co Lim [A] 1751 Vo tang lai 9, [rad]
Mo-rnein quan tinh ] [Kg.m’] 0.00048 Gocﬂlal ’t.ren 0 [Rad]
dong co m cot lai r
A X . Mo-men dat
H¢ s0 ma sat B [Nm/rad] 0,0198 N T [Nm]
m tur vo lang d
bién c’am phan L [mH] 150 Mo-Amen cua T [Nm]
ung dg dong co m
Ty s6 truyén
bién tré phan ung R [Q] 0,02 cua hdp i 7,225
giam toc
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SO cyc tur cua Goc quay
Rotor dong co p cua dong co O, [Rad]
Hé s ma sat
Mo-men dinh mure T, [Nm] 24 trén thudce B, [Nm.s] 653,203
lai
Do cting truc Ban kinh
n ’ K [Nm.rad '] 125 banh rang r [m] 0,007783
dong co trg lyc m o s P
thudce lai
Do cling cua Trong luwon,
thuc’rcgléi K [N/m] 910614 cta ﬂ%u’('yc légi m (ke 32

Vé6i mé hinh can nhan dang 1a dong co
ddng bo nam cham vinh ctru PMSM [3] dang
phi tuyén nén chon bac cua mo hinh la bac 3.
Chay mé phong so do Simulink Hinh 4 va thu
thap dir liéu, st dung giao di€n cong cu nhan
dang Hinh 3, ta thu dugc cac ma tran h¢ théng
trong mo hinh khong gian trang thai cua dong
co dong bd nam cham vinh ctru PMSM véi do

chinh xéac cua mo hinh dat B, . = 97%.

-1.761 9991 -3.772 66.28
A= 9851 1.029 -0.6899| B=|-30.31

-2.099 -0.5494 -6.687 2.008
C=[-1311 2333 -0.8302] D=[0] (19)

5. KET QUA VA THAO LUAN

Sau khi nhan dang lai tro luc dién
C-EPS dang phi tuyén thanh hé 1ai tro luc dién
C-EPS dang tuyén tinh nhu trong Hinh 4. Di
lidu ciia dong co PMSM va hé thong lai tro luc
dién C-EPS (Bang 1) dugc thay vao trong Hinh
4 van toc ctia xe, mo-men lai tir vo ling dit cho
hé théng dang sin tai cac thoi diém nhu thé hién
trong Hinh 5. So d¢6 mé phong Hinh 4 dugc
chay dong thoi trong méi truong Simulink tai
thoi diém 1a 0 gidy dén 6,3 gidy voi cac gia
tri van toc cua xe khac nhau: 10km/h, 30km/h,
45km/h, mé-men lai dang hinh sin bién d¢ 16n
nhét 12 £5Nm, tir 6 c6 két qua so sanh mé-men
trg luc 1ai ung voi van tdc xe khac nhau cua hé

phi tuyén va hé tuyén tinh (Hinh 5). Két qua
mod phong trong Hinh 8 véi hé 1ai trg luc dién
C-EPS hé phi tuyén cho thdy, moé-men lai dat
ban dau 1a hinh sin véi bién do +5Nm voi van
téc xe nho 10km/h thi mo-men trg luc 14 13 16n
nhit 14Nm; véi van toc xe 16n 45km/h thi mo-
men trg Iuc lai 1a nho 7,5Nm. Mo6-men trg luc
1ai chi dugc hd trg khi mo-men dat tir vo lang
16n hon 1Nm. Két qua mé phong hé 14i tro luc
dién C-EPS hé tuyén tinh cho thay dic tinh dau
ra moé-men tro luc 1ai bam sat voi mo-men trg
luc 14i ciia hé C-EPS hé phi tuyén tai cac thoi
diém va van toc cia xe khac nhau.

6. KET LUAN

Hé thong 14i tro luc dién C-EPS hé phi
tuyén st dung tro luc 1ai bang dong co dong
bd ba pha nam chdm vinh cttu PMSM dugc
nhan dang gan dung vé hé tuyén tinh. Trong
két qua nghién ctiu cho thay viéc nhan dang
dugc tién hanh bang cong cu Identification
Toolbox cho ra dugc mo6 hinh nhan dang tuyén
tinh 1a cac phuong trinh trang thai védi cac ma
tran thong s A, B, C, D, két qua so sanh do
chinh x4c cia md hinh tuyén tinh va phi tuyén
dat Bbes;ﬁtz 97%. Cé}c dac tinh mo phéng tai cac
thoi diém va van toc khac nhau cta dong thoi
hai hé 14i tro luc dién C-EPS hé tuyén tinh va
C-EPS phi tuyén cho thdy dic tinh ddu ra mo-
men tr¢ luc lai C-EPS hé tuyén tinh bam sat voi
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mo-men tro luc 1ai cua hé C-EPS hé phi tuyén.
Van dé nghién ctru phuong phap nhan dang hé
phi tuyén 1ai trg lyc dién C-EPS trén xe 6 to
la hudng nghién ctru méi cho viéce gidi cac bai
toan diéu khién hé phi tuyén phirc tap trén xe 6
to.

Nghién ctru nay dugc tai trg bdi Truong
Dai hoc Hang hai Vi¢t Nam trong D¢ tai ma so
DT23-24.46.4
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