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KHAO SAT ANH HUGNG CUA CAC THONG SO KET CAU
DEN DACTINH CUA HE THONG LAI TRG LUCDIEN

TREN 0 TO CON DANG C-EPS

ASSESSMENT OF THE EFFECT OF STRUCTURAL PARAMETERS ON THE CHARACTERISTICS

OF C-EPS STEERING SYSTEM
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TOM TAT

He thdng ldi trg luc dién dang ngay cang dugc st dung phd bién trén cac 6 t6
hién dai. Trong bai béo nay, cic tac gia da tap trung nghién ctu hé thong ldi trg luc
dién c6 mo to trg luc ddt trén truc Iai (C-EPS), tir d6 xay dung md hinh co hoc, thiét
lap céc phuong trinh dong luc hoc va biéu dién dudi dang phuong trinh khéng gian
trang thai. Cac thong s6 ki thudt anh hudng dén dac tinh cta hé thong lai C-EPS
dugc xem xét bao gdm: md men quén tinh truc Iai, d6 ciing xodn truc li, gidm chan
truc li, dd ciing xoan thanh rdng, gidm chan thanh rang, ban kinh banh rang. Két
qud md phong trén mién tan s6 va mién thoi gian da cho thdy dugc mic do anh
huting clia céc thong s6 két cdu dén dac tinh hé thong. Khi thay d6i gia tri do 16n cda
cécthong s6 két cdu thi ddc tinh ctia hé théng l4i thay ddi tuong d6i I6n. Két qua clia
nghién cu nay la tién dé xay dung cac chién lugc diéu khién hé théng lai trg luc
dién khi can nhdc dén tinh khdng chdc chdn clia cac thong so két cau.

Tir khéa: Bng luc hoc va diéu khién 6 t6; hé théng Idi tro luc dién; hé théng
Idi trg luc dién trén truc Idi; mé hinh hé thoing Idi; thong s khdng chdc chdn.

ABSTRACT

Electric power steering systems are increasingly being used in modern cars. In
this paper, the authors have focused on studying the electric power steering system
with the power steering motor mounted on the steering shaft (C-EPS), thereby
building a mechanical model, establishing the dynamic equations and expressed
these equations in the state-space form. The technical parameters affecting the
performance of the C-EPS steering system to be considered include: steering
column inertia, steering column stiffness, column damping, rack stiffness, rack
damping, steering column pinion radius. The simulation results in the frequency
domain and the time domain have shown the influence of structural parameters on
the system characteristics. When changing the magnitude of the structural
parameters, the characteristics of the steering system change relatively large. The
results of this study are the premise to develop electric power steering control
strategies considering the uncertainty of structural parameters.

Keywords: Vehicle dynamics and controls; electric power steering system;
electric power steering system on the steering shaft; steering system model;
uncertainty of structural parameters.
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1. GIGI THIEU

Hé théng lai la mot trong cac hé thdng co ban va quan
trong nhat trén 6 t6 dugc st dung dé thay déi hudng
chuyén ddng hodc gilr cho & t6 di chuyén theo quy dao
nhat dinh nhu di thdng, quay vong, chuyén lan. Cac dang
hé théng lai phd bién c6 thé ké dén nhu hé thdng lai khong
6 trg luc, hé thong lai trg luc thuy luc, hé thong lai trg luc
dién va hé théng lai trg luc dién - thuy luc.

Nam 1988, hé théng lai trg luc dién (Electronic Power
Steering system - EPS) dugc gidi thiéu dau tién trén 6 to
thuong mai tuy nhién chi dugc st dung trén dong xe ¢6 tai
trong nho va yéu cau vé lyc trg luc lai rat thap [1]. TU d6 dén
nay hé théng trg luc lai dién da duoc mé rdng va phat trién
rong rai, trang bi rong khap trén hau hét cac dong xe, hudng
dén viéc ap dung cho lai tu déng dam bdo cac muc tiéu an
toan moi trudng va giam bét sy vat va clia ngudi i xe. Hé
thong lai EPS hoat déng dua trén tin hiéu cta cdm bién mé
men nam trong cum trg luc lai, khi nguai i tac dong 1én vo
lang dé thuc hién viéc diéu chuyén hudng, dudi tac déng
clia mat dudng thong qua béanh xe, thudc lai sé tadc dung lén
thanh xodn nam trong cum trg luc dién. Cam bién mé men
lic nay sé nhan tin hiéu va ti€n hanh do mé men danh lai sau
dé gui vé hop diéu khién. Can cu vao tin hiéu dugc gli, hdp
diéu khién sé phat ra dong dién diéu khién hoat dong cla
md to trg luc véi mét mé men dd 16n dé hé trg ngudi lai xoay
truc lai theo hudng mong muén nhung van dam bao quy
dao chuyén déng va cam giac lai clia ngudi lai [2]. So d6 bé
tri chung clia hé théng lai trg luc dién trén 6 t& con dugc thé
hién trong hinh 1. Hién nay hé théng lai EPS dugc chia lam
hai loai chinh: Trg luc lai dién dat trén truc lai (C-EPS) va tro
luc 13i dién dat tai banh rang thanh rang (P-EPS). Méi loai trg
luc 1ai dién c6 nhiing uu nhugc diém va hiéu suat trg luc
khac nhau.

Da ¢6 nhiéu nghién cdu lién quan dén hé thong léi trg
luc dién dugc cong bé lién quan dén xay dung mo hinh hé
théng lai trg luc dién va thuat toan diéu khién cta ng, cu
thé nhu sau: 1) Xay dung mé hinh hé théng lai trg luc dién
da dugc nghién cuu phat trién & cac muc do khac nhau,
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nhu mo6 hinh hé théng lai trg luc dién véi tin hiéu diéu
khién 1a mé to trg luc [8], véi tin hiéu diéu khién la cudng
do dong dién [2]; 2) Thuat toan diéu khién hé théng lai trg
luc dién cling dugc nghién ctu Ung dung da dang nhu:
diéu khién t8i uu [5, 6, 7], diéu khién bén viing [4,8]. Tuy
nhién cac nghién cdu truéc day chua cé nghién clu nao
xem xét anh hudng cta su khéng chdc chan cta cac théng
56 két cau dén dac tinh ctia hé thong lai tro luc dién.

L &

'_ o8

’l L Steering £ d \Q
§ \,\\h-‘x;/")

_‘.y“

Hinh 1. So d6 b tri hé thong 1ai trg luc dién trén 6 t6 [13]

Trong bai bao nay, cac tac gia tap trung nghién ctu dac
diém két cau, xdy dung mé hinh vat ly cta hé théng lai trg
luc dién dang C-EPS (md ta trg luc trén truc lai). T do, cac
tac gid xay dung phuong trinh déng luc hoc clia hé théng
4i trg luc dién va chuyén déi thanh dang khéng gian trang
thai véi cac tin hiéu dau vao gébm méd men kich thich tu
ngudi lai (ty), mé men kich thich tir mé to dién (1)) va luc
kich thich t& mat dudng (F,). TU cac tin hiéu dau vao va mé
hinh khéng gian trang thai ctia hé théng, cac tac gia danh
gia dac tinh cta hé thong lai trg luc dién dang C-EPS khi
thay ddi cac théong s6 khac nhau cta hé théng gom hai
truong hop: 1) Chi c6 md men quan tinh cda truc lai J. thay
déi va 2) Sdu théng sé chinh cta hé théng thay ddi (J.- mé
men quan tinh truc lai, K. - d6 ciing xoan truc lai, D, - gidm
chan truc 1ai, K, - d6 ciing xoan thanh rang, D, - giam chéan
thanh rang, r, - ban kinh banh rang).

2. HE THONG LAI TRQ LUC PIEN TREN O TO CON DANG
C-EPS

Trong hé théng lai trg luc dién dang C-EPS, m6 men
xo0an trg luc dugc cung cdp béi dong co dién, nham giam
moé men xodn can thiét tir ngudi lai dé quay banh xe (dac
biét 1a khi d6 xe va khi 6 t6 chuyén dong vdi téc d6 thap).
Gia tri m6 men trg luc dugc cung cdp cho hé théng dua
trén cac tin hiéu dau vao (cdm bién mé men xoan va téc do
xe) cung cap cho ECU. Sau dé, mé men truyén dén truc
banh rang la téng clia mé men tac déng tu ngudi lai va mo
men trg luc ti déng co dién. Cudi cung, co cau thanh rang
va banh rang c6 nhiém vu truyén mé men tir banh ring dé
di chuyén thanh ring [8].

Hinh 2 mé ta cau tao hé théng lai trg luc dién tai truc lai
gém 3 phan chinh la: Phan 1 la tin hiéu dau vao ti ngudi lai
tadc dong vao vo lang. Phan 2 la bd phan trg luc gém cac
cdm bién, mod tc dién va hop diéu khién dién td. B phan
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nay dung cac cdm bién ti€p nhan mé men va goc danh lai
cla ngudi lai dé dua tin hiéu dén hop diéu khién tur d6 kich
hoat m6 to dién tro luc cho hé théng léi. Phan 3 1a b phan
chap hanh gom truc lai, banh rang thanh rang. Day la bé
phan truyén luc chinh cla hé théng lai.

2. CB momen & goc xoay vé ling

Cam bién momen va géc danh lai

4. Motor BLAC

D3i tir ning lugng dién
| sang chuyén déng co

3. Hop diéu khién dién tir

| iéu khién motor 1 chiéu theo

momen danh Ii, géc danh lai
va téc d xe

Truyén momen sang
tryc ring

) M 6. Thanh ring & truc ring

J
Truyén momen tryc rang
sang thanh chuyén dong

| ctia thanh rang

Hinh 2. Cau tao ctia hé thong ldi trg luc dién dang C-EPS [12]

Nguyén ly lam viéc ctia hé théng lai trg luc dién dang C-
EPS dugc thé hién trong hinh 3. Hé théng EPS hoat déng
dua trén tin hiéu ctia cdm bién mé men nam trong cum trg
Iuc 14i, khi ngudi diéu khién 6 té tac dong lén vé lang thuc
hién viéc diéu chuyén huéng, dudi tic dong cia mat
dudng thong qua banh xe, thudc lai sé tdc dung Ién thanh
x0an nam trong cum trg luc dién. Cdm bién mé men luc
nay sé bat dau hoat dong va tién hanh do mé men danh lai
sau d6 gui vé hop diéu khién. Can c vao tin hiéu nhan
dugc, hop diéu khién sé phat ra dong dién diéu khién hoat
déng clia mé ta trg luc véi mdt mod men dd I6n dé hé tro
ngudi lai xoay truc lai theo huéng mong muén.

Tin hiéu

Goe g 1.
tr nguoi

vanh lai =
| | lai

l B0 phan trg luc

- - Mo to B phan
’ Tryc lii <& M dién didu khién

Goc xoay

Banh rang
10p phai

€ Thann ring >

Goc xoay
10p trai

Hinh 3. So d6 nguyén Iy lam viéc cta hé thong ldi dang C-EPS [8]

Hé théng lai dién dang C-EPS c6 mét s6 uu diém chinh
sau [8]: 1) Giam tiéu thu nang lugng: két cau clia hé théng
EPS nhé gon hon so vai két cdu cha hé théng HPS
(Hydraulic Power Steering system - Hé théng lai trg luc thuy
Iyc). Hon nita, hé théng EPS chi hoat déng khi nguai l4i tac
dong quay vo lang trong khi hé théng HPS doi héi mo to
trg luc thay luc lién tuc hoat dong dé duy tri 4p suat trong
mach thay luc. 2) Hé théng c6 thé diéu khién: EPS 1a mét hé
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ECU. Vi vay, viéc cai thién hiéu suat c6 thé dé dang thuc Ry thanh ring 1,02 m/rad
hlenﬂbanﬁ[g cachﬂthay' Ac'1’0| rnot so tha‘m sé cla b? dleu1 khién. | Bén kinh banh rang 0,07 m
3) Hé théng than thién vaéi méi trudng: EPS khéng st dung héi| bénh r3ng thanh 3 )
dau thuy luc, do vay khong sinh ra chat 6 nhiém lién quan M, KA0|, Ligng ’an tangt an rarvlg 4 9
dén dau thuy luc, ciing nhu viéc st ly dau hodc ro ri dau B, D 16n ma sdt nhét cda thanh rang 0 Nm/rad/s
trong hé théng. K, D4 cling xodn clia thanh ring 43000 Nm/rad
3. XAY DUNG MO HINH HE THONG LAI TRG LUC DPIEN D, Gidm chan cda thanh ring 3820 Nm/rad/s
TREN TRUC LAI R, T§ 56 truyén gidm t6c cia mo to 30 -
M6 hinh thé hién cac luc, m6 men tac dong lén hé I M men quén tinh cGa mé to 0,0004 kgm?
théng lai trg luc dién dang C-EPS clia 6 t6 con dugc thé B D6 16n ma sat nhét ciia mo ta 0 Nm/rad/s
hién trong hinh 4. F Momen can cia m to 0,056 Nm
Za Phuong trinh dong luc hoc t6ng quét cta hé théng lai
) Goc danh trg lyc dién tai truc 1ai dugc xac dinh nhu sau [7]:
lai
. 0
36, = T, - Dc(ec _ _m]
K 0 m W
Kfo ) g
TI'Z
‘Eénh rang va thanh rang .
.. D, (. 0.
& z,, Jeqem =T, + 8, -
Rm Rm
\ " N N | K 0 :
Hinh 4. M6 hinh Iyc, md men tac dung Ién hé thong 1ai C-EPS [7] + <6, - =~ |-B,6, )
Cac luc, mdé men dat lén truc 1ai ctia hé théng lai C-EPS R R
bao gobm: 1, - mé men do ngudi lai tac dung lén vo lang, R 2 R 2 T
A A . . X .- A —K P 6 -D P g -
T,, - M6 men do mo to dién tac dung Ién truc l3i, T, - md ‘Rz oM rR2om R
men do mat dudng tac dung |én thanh rang. Dua trén co s& m m m
hinh 4, cac tac gia dua ra mé hinh co hoc ctia hé théng lai Trong do:
tro luc dién dang C-EPS nhu hinh 5. Cac ki hiéu va théong sé 2 2
, L PN X R R
cGia mo6 hinh dugc thé hién trong bang 1. Jog=Jdn + p2 M, ;Beq =B, + p2 D,
Ta = d m m

Phuang trinh dong luc hoc (1-2) dugc viét dudi dang
khéng gian trang thai téng quat nhu sau:

3)

X=AX+Bu+Ed + Ww
Y =CX+DU

Trong dé: Vécto trang thai Xz[éc 6. 6, Om]T ;

X %Dr s s g T
= x=[6, 6, 6. 6,].

S == Luc kich thich tr mat dudng w = F, € R; tin hiéu diéu
Troad = W khién u = T1,, € R; kich thich t&r ngudi laid =1,€ R; A, B, E, C,
Hinh 5. M6 hinh co hoc ctia hé théng léi dang C-EPS D la cac ma tran trang thai.
Bang 1.Ki hiéu va thong sd cia md hinh hé thdng lai tro luc dién dang C-EPS [8] 4. KET QUA MO PHONG VA DANH GIA
Ki hiéu Théng s6 Gia tri Don vi 4.1. Phan tich két qua trén mién tan sé

Je M6 men quan tinh truc lai 0,04 kgm? 3 phan nay cac tac gia danh gia anh hudng cla thong
B, D6 16n ma sit nhét ciia truc lai 0 Nm/rad/s s6 két cdu cta hé théng khi céc gia tri c6 d6 16n thay déi
. . " (trong khoang tur -50% dén 50% so vdi gia tri trong bang 1)
K Bgcungj(oat\ = truflm Lo Nim/rad dén gz}\c tl’nhiﬁa hé théng trg luc lai d?én dang Cg-EPS.gV(ji
D, Gidm chan cta tryc 0072 | Nm/radfs duong nét lién - mau doé cho trudng hop ¢ cac gia tri
Fe M6 men can cla truc lai 0,027 Nm thong sé thay déi (Uncertainty) va dudng nét dut - mau
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xanh cho trudng hgp ma gia tri cla cac théng sé trong
Bang 1 (Nominal). D& danh gia két qua trén mién tan sé cac
tac gia khao sat vdi tan s6 gidi han dat dén 100 rad/s.

4.1.1. Khi xét su' thay d6i cia mé men qudn tinh truc ldi
Jc

Hinh 6, 7, 8 thé hién ham truyén bién doé gitta 3 tin hiéu
dau vao la: mé men kich thich tir nguai lai (t,), m6é men kich
thich tir mé ta (t,,) va luc kich thich ti mat duong (F,) dén
van toc goc truc lai (éc), van toéc goc mé to (ém ), gOc truc
lai (6,) va van t6c goc mé to (,,) véi gia tri mé men quan
tinh truc 1ai J. thay d6i trong pham vi -50% dén +50% so VGi
gia tri dugc thé hién trong bang 1.

Cu thé Ia khi ta thay d6i gia tri cia mé men quan tinh
truc lai J_ thi tac déng cua t, chi anh hudng trong mién tan
56 cao tir 20 rad/s dén 100 rad/s dén 8., B, (hinh 6); tac
dong clia 1, chi anh hudng trong mién tan sé cao tu 20
rad/s dén 100 rad/s dén 6_, 8_, ©_, B, (hinh 7); téc dong
cta F, chi anh hudng trong mién tan s6 cao tu 20 rad/s dén
100 rad/s dén éc, 0, (hinh 8). V&i hinh 6 va 8, khi gia tri J,

thay déi thi ém va 8,, khéng bj anh bdi tdc ddng clia tyva F,.
Khi thay déi gia tri m6é men quén tinh truc lai J_ thi ham
truyén chi anh hudng tai mién tan s6 cao, khéng anh
hudng tGi mién tan s6 thdp. Vi gia tri J. cang 16n thi ving
cdng huéng cla cac tin hiéu kich thich dén cac thong sé
khdo sat cang dich chuyén vé ving c6 tan sé nhé han so
vGi trudng hgp thong sé trong bang 1 va nguac lai.

Toc do goc truc lai
al)

0 -
o —_— ecdot/Tm‘ Uncertainty - Jc
f-; =20 ecdot/Tm‘ Nominal - Jc
o 40 Hhbeeaes -t
o
| e et cebed i
S) /""‘)
< -80- et
P g :
1007// A confodedid L e woskodedutut
10? 10" 10°
Frequency (rad/s)
Toc do goc mo to dien
b1)
0 -
D =t
20 - ,;// S

Magnitude (dB)
A N }
o
T

— emdolle, Uncertainty - Jc

-~ i — —6__ /Tm, Nominal - Jc
80 H H mdot
-2 -1 0 1 2
10 10 10 10 10
Frequency (rad/s)
Goc truc lai
c1)
-40
o
T 80| Rrpbesees eepe
o
©
2
=
S -80F- gaisis
= — eC/Tm, Uncertainty - Jc
— —8,/Tm, Nominal - Je
-100% = o
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Goc mo to dien
d1)

-30

Magnitude (dB)

— em/Tm, Uncertainty - Jc

— —6_/Tm, Nominal - Jc
m

10

! 10° 10
Frequency (rad/s)
Hinh 6. Ham truyén bién do tlr T, dén van tdc goc truc ldi ( éc ), van toc goc

mé to (8,,), goc truc I4i (8) va géc md ta (8,,) khi ). thay ddi trong khodng -50%
dén 50%

Toc do goc truc lai
a2)
—_— ecdotle, Uncertainty - Jc
— —6__ /Td, Nominal - Jc
cdot

50

Magnitude (dB)

50}

1

10° 10

10 10 10
Frequency (rad/s)
Toc do goc mo to dien
0 -
_ emdmle, Uncertainty - Jc
B 20| — 0y Td. Nominal - Je
; o | Sr——
©
2 -60
c
g
s -80
100 =i
10° 10" 10° 10' 10°
Frequency (rad/s)
Goc truc lai
c2)
0 - i
——6,/Td, Uncertainty - Jc |:
o — —6 /Td, Nominal - Jc
T 20 e
[
©
2
c
o -40-
=
-60 -
107 10" 10° 10' 107

Frequency (rad/s)

Goc mo to dien
d2)

Magnitude (dB)

_— emITd, Uncertainty - Jc
—— em/Td, Nominal - Jc

-100
10?2 10°

10° 10
Frequency (rad/s)

Hinh 7. Ham truyén bién do tur T, dén van téc goc truc lai (9( ), van toc géc

méto (0,,), goc truc lai (8) va géc md to (8,,) khi J, thay dai trong khodng -50%
dén 50%
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Toc do goc truc lai
a3)

80| — ecdmlFr, Uncertainty - Jc
@ 80 — ecdm/Fr, Nominal - J¢
@
g -100----
S 1201
=
-140-----
160 i
10° 10" 10° 10’ 10°
Frequency (rad/s)
Toc do goc mo to dien
b3)
80l — Bnaot/F 1o Uncertainty - Je | ¢
%‘ —_ emdmIFr, Nominal - Jc
D - 0]
T
2
5 -100}
©
=
120
il HHHI| H H il
107 10" 10° 10' 107
Frequency (rad/s)
Goc truc lai
c3)
-90
_-100--
m
2 110f--
3
3 -120F--
i€
QD -130 et
= ——6_[Fr, Uncertainty - Jc
-140 ¢ .
— —6 _/Fr, Nominal - Jc i
-150 < S
10? 10" 10’ 10' 107
Frequency (rad/s)
Goc mo to dien
d3)
-85 T
&
-
>
©
2
16 !
=
= ——8_/Fr, Uncertainty - Jc
N—— em/Fr‘ Nominal - Jc i H
110 A
10? 10" 10° 10' 10°

Frequency (rad/s)

Hinh 8. Ham truyén bién d tur F, dén van téc goc truc 1ai ( 9( ), van tc géc

mb to (8, ), goc truc 14 (8,) va g6c md ta (B,,) khi ), thay ddi trong khodng -50%
dén 50%

4.1.2. Khi xét su thay déi cia sdu théng sé co ban cia
hé théng lai

Hinh 9, 10, 11 thé hién ham truyén bién d6 cla ba tin
hiéu dau vao la: mé men cia ngudi lai (t,), m6 men clia mo
to (t,,) va luc tac dung ti mat dudng (F,) dén van téc goc

truc 13i (8,), van t6c goc mo to (6,,), goc truc lai (B,) va van
téc goc mo to (6,,) véi gid tri cla sdu thong sé chinh gom
J. - mdé men quan tinh truc lai, K. - d6 ciing xoén truc lai,
D. - gidm chan truc lai, K, - d& cliing xoan thanh rang,
D, - gidm chan thanh rang va r, - ban kinh banh réng thay
déi trong pham vi -50% dén 50% so Vi gia tri trong bang 1.
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Cu thé la khi thay déi sau gia tri théng s6 chinh thi tac
dong cua T, T, F, anh hudng tdi tat ca mién tan s6 cla
8.,8,.0.,8_. Vung cong hudng va bién do dao déng thay
dai lién tuc tir 0 dén 100rad/s. Diéu nay cho thdy muc do
anh hudng rat cao clia cac théng sé két cau dén dac tinh
cla hé thong trg luc dién dang C-EPS. Diéu nay dat ra van
dé I6n dén viéc nghién clu diéu khién hé théng lai trg luc
dién trén 6 t6 con, bai trong qua trinh lam viéc, do ludn ton
tai cac sai s6 tu thiét ké, su suy giam dac tinh trong qua
trinh st dung.
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Hinh 9. Ham truyén bién do tir T, dén van tc goc truc lai ( éc ), van tdc goc

mé to (6,), goc truc 13i (8)) va géc mé ta (8,,) khi séu thong s6 thay ddi trong
khoang -50% dén 50%
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Hinh 10. Ham truyén bién do tir T, dén van toc goc truc lai ( 9( ), van tdc géc

mb to (6,,), goc truc lai (8) va géc md to (8,,) khi sdu thong so thay ddi trong
khodng -50% dén 50%
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Toc do goc mo to dien
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Hinh 11. Ham truyén bién d9 tir F, dén van toc géc truc 1ai ( 6')( ), van téc géc

mé to (6,,), goc truc 1ai (8)) va goc md to (8,,) khi séu thong so thay ddi trong
khoang -50% dén 50%
4.2. Mé phéng trén mién thoi gian

& phén nay, dé danh gia dnh hudng cda cac thong s6
dén hé théng lai trg luc dién trén 6 t6 con dang C-EPS trén
mién thdi gian, cac tac gia thay déi théng s6 mé men quan
tinh t truc 1ai (J,) 6 gia tri thay d6i bang 10% va gap 10 lan
thong s6 bang 1, kich thich ti nguai 1&i 14 ¢d dang hinh sin
vGi gidi han bién dé +15Nm va tan s6 géc 5rad/s. Trong khi
dé kich thich ti motor T, va kich thich tr mat dudng F, déu
c6 gia tri bang 0. Thai gian gidi han khao sat dugc xac dinh
la t = 10s. K&t qud mo phdng dugc thé hién trén hinh 12.
Pudng nét ddt - mau xanh biéu thi cho théng s6 mé men
quan tinh truc lai trong bang 1 (J., - nominal), dudng nét
lién - mau dd biéu thi cho théng s6 mé men quan tinh truc
1ai thay d8i vdi gia tri bang 10% so vdi thong s6 trong bang
1 (J4) va dudng nét chdm gach - mau den biéu thj cho
théng s6 mé men quén tinh truc 1ai thay déi vai gia tri gap
10 14n so vai thong s6 trong bang 1 (J,,).

Hinh 12a thé hién van t8c goc truc lai, véi gia tri J, co
bién do dao dong khoang 40 (d0/s) va khoang thai gian van
t6c goc truc 1ai mat 8n dinh clia van téc goc truc lai tir 0 dén
0,5s, vdi gid tri J., c6 bién dé dao déng khoang 40 (do/s) va
khoadng thai gian mat 8n dinh tir 0 dén 1,5s, véi gié tri J, c6
bién d6 dao dong khéng én dinh tir 50 (d6/s) dén 80 (dd/s)
va mat én dinh trong ca mién thai gian khao sat.
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Van toc goc truc lai
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Van toc goc motor

SUATTATIVATN AU W ATINA N
NN AR ANATANEN
ARUBERVIER R RS i
AUV RTARY IRVERVIR VA RY
Ao NN Y Y vy
N 1 ‘ 5 ' Timi [s] ' ; é ‘ — 00, Norina . : é ’ | Tim; [s] I ' ' ; b
Goc truc lai e Z:::: j::::::::::: Goc motor
d)
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Hinh 12. Dap ting thdi gian cta 6,6, ,8,,

8,, v6i tin hiéu kich thich T, khi
thay ddi gid tri m6 men quan tinh truc lai J,

Hinh 12c thé hién géc truc lai, véi gia tri J, co bién do
dao déng khoang 8 (d0), véi gia tri J., c6 bién d6 dao dong
khoang 8 (d6), véi gia tri J , c6 bién do dao déng khong 6n
dinh tu 9 (d6) dén 10 (d6). Hinh 12¢ thé hién van t6c gdc
mo to véi gia triJ, J., J, déu b bién d6 dao dong khodng
0,5 (d&/s). Hinh 12d thé hién goc mé to véi gia tri J o, Jo, Joo
déu co bién d6 dao dong khoang 0,1 (d96).

Két qua mo phong trén mién thoi gian cho thdy moé
men quan tinh truc lai tac ddng manh dén van t6c goc truc
14i Gc va goc truc lai 6., nhung van téc goc mé to Gm va géc
mé to O, thay d6i khong dang ké khi thay ddi gia tri
momen quan tinh truc lai J.. Diéu nay cang cling c6 cho két
quéa mo6 phong trén mién tan so.

5. KET LUAN

Trong bai bdo nay, cac tac gia da tap trung xay dung mé
hinh co hoc clia hé théng lai trg luc dién cé mo to trg luc
dat trén truc lai (dang C-EPS), tir d6 thiét lap cac phuong
trinh déng luc hoc va chuyén sang phuang trinh khéng
gian trang thai. Cac théng s6 ky thuat anh hudng dén dac
tinh cta hé théng lai C-EPS dugc xem xét thong qua tinh
khong chan chan vé gia tri do 16n. K&t qua mé phéng trén
mién tan s& va mién thoi gian da cho thdy dugc muac dé
anh hudng clia cac thong s6 két cdu dén dac tinh hé thong.
Dai véi van téc goc quay cua truc lai thi tinh 8n dinh khong
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Thetam [do]

AR

Time [s]
dugc dam bao trong thai gian dau khi chiu tac dong tu
vanh 1ai, mat dudng va moé to dién. Khi thay déi gia tri do
I6n cla cac thong s6 két cau thi dac tinh cta hé théng lai
thay d6i tuong déi nhiéu, diéu nay doi héi chién lugc diéu
khién phéi can nhic dén tinh khéng chic chdn cta cac
thong s6 két cau.

Huéng nghién cutu tiép theo la xay dung mot bo diéu
khién hoan chinh cho hé théng lai tro luc dién dang C-EPS
dua trén cac két qua danh gia va phuong trinh mé phong
clia nghién clu nay.
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