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Fhehi-Model S » T 3RIRIT Bokwh SEELIBNIL » BRI gt T 2B AT 5 - T o
S50 AT - MRS 269 - MEENHMTAMILREERE g e . e p BT MR EAAEIDE - SN
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SKEREATEL - L. Zhang <5 A (2009)42 e P4t & EEh
iR b R M AR E I - T BN AR e 2
PRSI AR TR R R e - AR S A F AT e
FEAAE A DL R AR S A S 6 > (o B PR R AR B AR
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WRRE RGN -

P 7T (2010) 1] FH 72 Bh=ClimAa /7 FE A2 - (o B R e T
S SRR S R4 0 PR ERIER S R IR
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HBHAZAEIE@) AT
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mVp=2C5:+2C,5, ”ﬁ(cf+Cr)4Y( 2cdsC ‘1‘}+m\f) (10)

CER =4
A

Z BhEE AR EBIN - Sl P AR

Iy=2F-2F,1, (11)
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Hifd 5 EEHR (HR A) EHE (H B)
HE 4.14m 420m
HE 1.57m 1.66 m
B 1.95m 1.80 m

Aii : 810 Kg (6.0) A : 870 Kg (5.8)

RIS % 1 540 Kg (4.0) #% 1 630Kg (4.2)

TR 165/80 R14C 195/55 R15 85V
HE (m) 1350 Kg 1500 Kg
R E MR (1) 2204 Kg-m? 2395 Kg-m?

b B O 2 BEEE (1) 1.040 m 1.075m
& b e o FEEE () 1.570m 1.485 m
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Race Technology-Speedbox -RTK #HEE © g B =0k
FERVAIES &6 GPS BUE MRS - FlHeft 200Hz = 30H& -
ArEELL RS232 ~ CAN ~ Bifir KHEEER S ) 22 R ES

HOZRE (£ K 10G) FI=slifs iz (£ K 300 degrees/s)
HNEHEEMN - E TP REIREMER 0.015%s - &K
{EiER R % 100HZ > DL 20Hz \‘Eﬂiiﬁﬁffﬁf%hﬂf* IR -
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EAEENG (24 ~ PG - VA FE) » 1 RIERERER A isian i B
firsRo%pE 3 28 ( Digital Signal Processor, DSP ) » A& B[ & FH 85
firERs% - I H AT Em B G BE% (Stand Alone) {7EESHEIR
BCENIF (Real Time ) {35 8 {E LA I 50KHz HUikZS 2 ERHELR
FEUREEE © 55 CAN-BUS 1 HifE4H ELf 2 (i CAN-Bus
node FIHE A 128 JHE (&) DAL sHSSHRNUHE BHFED
HUERDIRE -
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FyEERSA TR AR - SR NS = B ARG - MR LUBTTTT
AZEHEEEEEHEE T EE - K%%ﬁifﬁﬁﬁﬁ?_%ﬁ@%
15km/hr ~20km/hr > 1) Skm/hr B—{E4REE » EEE 2 5
U (EAGRAEE M 5%  AERRERD) H%ﬁﬁﬁ@i@ﬁ
AR Fy 10.5°K 22 DUAIEUETT - BB R4 3 20
HRSEOR " - BEERSREIEAE -
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TR BRSEECE

R EIE] 15km/hr~20km/hr

1 FE 10.5°/22°
ABIER 40 psi

AHERSH ZKERE

e =C 1670 Kg

N JEECR A 5 mis
g 0°C~40C

Y B e AR

B S B B RIS S B Simulink fEEET TR > I
7538 Simulink f5EE 5 =S BN H L5 [ SE FE AT R T (A5
MRREE s =R > MBI A DR R BN AR -

— BRSO B AR LR

L1 2005 £ TEANA 2.3 EX H A S S BR = F
T BEERASE MRy B R B B s R 2 B [ 7~
i

#= TEANA2.3 EX BiRUfEEs sy

HE 4.89 m
HE 176 m
B 1.47m

Aij © 963 Kg(6.0)

HELIEE % 642 Ko@0)
n Al : 215/55 VR17
RaHEEIS 1% © 215/55 VR17
HE (m) 1605 Kg
HEREMEE (D 2966 Kg-m?
i O BERE (IF) 1.11m
Tl L BEEE () 1.66 m

HimEE e (Cf) -25200 N/rad

1&g g (Cr) -33000 N/rad

HhEE (L) 277m

M 71~ SRy B EOH B Simulink R IR AT Ky
18.2km/h 7EFiHmiE e 10.5 REAYLLER - = REHIRYRERER T 7
By -22.2deg/s ~ -20.0deg/s J% -20.4deg/s » YRR B
-20.8deg/s > FBHIY I {EAEAEZE Fy+0.8deg/s - iff Simulink {5
BEPT 1S 1 2 fy -16.3deg/s » B RE R RAH LAY 72 R &Y

4.5deg/s - WEGEFREAMHE 2 -

Front Wheel:10.5degs Vehicle Speed:18.5km/h Test(1)
Front Wheel:10.5degs Vehicle Speed:17.6km/h Test(2)
Front Wheel:10.5degs Vehicle Speed:18.7km/h Test(3)

07

- il

Yaw Rate (deg/s)

Time(s)

7 HEENEE

Wehicle Speed:18.24km/h  Front wheel:10.5degs

Yaw rate(deg/sec)

Time(s)

[El7s Simulink fEEEAS R

s RS R E N B Simulink f5 B I 4 By
17.8km/h 1E ARG 22 FEHIERE =B HIHIRERE R 71 R
-44.4deg/s ~ -42.2deg/s F;-37.9deg/s » I ETEER Fy-41.5deg/s
HERI P [EARAE A Fy2.1deg/s > [T Simulink FABEFTS1EEE
% £5-33.60eg/s + BLTHIREHETAT LAY H4Y 7.9deg/s -
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Front Wheel:22degs Vehicle Speed:17.1km/ Test(1)
Front Wheel:22degs Vehicle Speed:19.1km/h Test(2)
Front Wheel:22degs Vehicle Speed:17.4km/ Test(3)

Ty

mv"}

-20 4

25

Yaw Rate (deg/s)

-30

-35
s

T T T T T T T
5.5 6.0 6.5 70 1.5 80 8.5 9.0

Time(s)
Bt HESNEE

Vehicle Speed:17.8km/h  Front wheel:22degs

Yaw rate(deg/sec)

Time(s)

B\ Simulink f#psEE

il L~ A RS | R OB Simulink 55 5E B R LY Ky
23.6km/h 7EFidmiE A 10.5 FEAVELES - =REAHIRERER H
By -26.4deg/s ~ -26.3deg/s F¢ -25.1degls o Y REEE R &
-25.9deg/s - F GV LI (E LA Fy+0.6degls > [ff Simulink
PREEFT S I RE R fy-19.2deg/s - BP9 R R AH ELAY 72 524
6.7deg/s -

Front Wheel:10.5degs Vehicle Speed:23.7km/h Test(1)
Front Wheel:10.5degs Vehicle Speed:23.7km/ Test(2)
Front Wheel:10.5degs Vehicle Speed:23.5km/h Test(3)

P “‘v\r%'wfﬂ‘ﬁ‘ﬂ“b““u“““"‘”ﬂ”@

Yaw Rate (deg/s)

Time(s)

EL HHENEE

Vehicle Speed:23.6km/h  Front wheel:10.5degs

Yaw rate(deg/sec)

Time(s)

&+ Simulink 5 R

fi - ~ R T B AR BRI Simulink FRBE LR By
22.4km/h TERTRIEFY 22 FERVEREL - =R EHIRIRERER T 1 R
-46.3deg/s ~ -41.0deg/s kz-49.1deg/s » ‘I fEEEAR Fy-45.4degs -
B BRI P A AR Fy£3.0deg/s - T Simulink HLEERT i 15
7 Fy-39.1deg/s » BV REHEAAH LAY 544 6.3deg/s -
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Vehicle Speed:21.8km/h Front Wheel:22degs(1)
Vehicle Speed:21.5km/h Front Wheel:22degs(2)
Vehicle Speed:22.9km/h Front Wheel:22degs(3)

oW

-20

25

Yaw Rate (deg/s)

-30

-35

-40

-45

! jﬂw J‘\J‘uquuu‘A“ W“qulﬁ'“\'\r VH

I T T T T T T T
5.0 5.5 6.0 6.5 7.0 75 8.0 85

Time(s)
i — HE SN

Yehicle Speed:22.4km/h  Front wheel:22degs

Yaw rate(deg/sec)

Time(s)

B+ Simulink #4555

P EHENBIR ARG EI > WG LT SR
LEFRE A ER R g sl ik © 2785
A ERT - A AR RIS © S EERNIGAS
RO RERA — B EATEE -

—  EEEREES | EEREOER DR

B B SR (T B 20km/h i AR
FELE WVADERIRAE = - EE R RS E DS
FA53 A1y 0.241rad/sec £ 0.0528rad » 5 ¥ HH ~ fF iR Bl
MRS 53 A Ry 0.237rad/sec B 0.0524rad - AHELZ T - #Eh
BRI L S A B S 5 | E R o T B e
5[ R BN AR I B S EARIRAG - H A e g
SOV > B e B R -

FWWS-20km/h

0.4 T T T 0.06
—— WD NG
0 HHFHA-Slip angle H0.05
03
w025t o WY 0
E 7 EREHA- Yaw rate %
T 02t ek
: 015 =
= no2”
0.1
0.01
0.05
0 L L A . . . . L 0
1] 1 2 3 4 5 B 7 8 9 10
Time(s)
= EE 20km/h B EHER A(S |2 HEH) L ELR B(EEEE
W) > Feiie R Bl B O MH S

BB L LG [ A E . 60km/h i e er 2 AR
FRETE PR R ANE VU - EEEh RS [ AR
B RS RIR S - BB HEH{EIE(E 0.484rad/sec [FEBRE(H
0.459rad/sec » 5| ZEFH G (L& {H 0.454rad/sec [ E B RE{H
0.421rad/sec » TEEhEERFEIEE RS 22 EH RS 0.038rad/sec > H.
B [ R ATLY 0.1 PLEFIRRRE - Wi B R B AR
FHT s DL B 2 iR 7T 0.218rad/sec 1% » 55
4R By B B 5 [ R B B0 (OB A 20 Y B -0.031rad B
-0.038rad - & HIE(E# Ry &M - S EHRALOIMA > By
WA R - DAS [ R E O HE FRK -

FWS-B0km/h
06 T T T T T T T T T 0.02
—40.01
O5r BFB-Yaw rate |
-0
04f BERA- Yaw rate i
% 00§
5 o0af =
z 0m e
= @
02k HEHE-Slip angle :-D 03
01k
EHHHA-Slip angle o
1) 0.05
u} 1 2 3 4 5 B 7 8 9 10
Time(s)
[+ PU EEZE 60km/h i HER A(S |22 ) B B B(ERENE
) 2 A R LR LB

B L L | SR EE A R 100km/ Fir i e ey 2 ARt
RO OHPERBAE 1 > 5B iR S B R
AN ENEIR R - EEYER{E 0.567rad/sec [%: 2= 0.431rad/sec
BT E 0.442rad/sec » 5|2 & & (¢ 0.523rad/sec [F &
0.370rad/sec F5E7} %2 0.386rad/sec » FiEFHEE » TEIEHEHHY
TR S YT [ gAY ffiE R 0.056rad/sec - Horp ERE) HHED
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Analysis of Steering Characteristics for Electric Vehicle
and Combustion Engine Vehicle
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Abstract

Owing to the severe global greenhouse effect, it becomes important issues to protect
environment and develop green energy. In the aspect of transportation, all of the automotive
companies actively study and develop electric vehicle. Steering control significantly influences
the handling, stability, and safety of the automobile. In the study, the steering characteristics of
an electric vehicle were analyzed by using front wheel steering and four wheel steering. In
addition, the measurement of the yaw rate was conducted when vehicle was steering. Compared
with experimental data and simulation, there were the same trend and the results were consistent.
From the simulation results for electric vehicle, for the yaw rate of the vehicle, feedback four
wheel steering was smaller yaw rate and greater slip angle than forward four wheel steering at
high speed. Front wheel steering was less stable than four wheel steering. At low speed, the yaw
rate of front wheel steering is a smaller than others, but, the slip angle of four wheel steering

higher than that of four wheel steering.

Keywords: steering system of electric vehicle, front wheel steering, feed forward four wheel

steering, feed-back four wheel steering
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