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ABSTRACT

In the global background of advocating energy conservation, environmental
protection and low-carbon life, the universal use of hybrid electric vehicles and pure
electric vehicles has accelerated the development of fuel cell vehicle technology. Due
to the advantages of adjustable power changing along with speed, energy conservation,
environmental protection and safety, electric power steering technology has become
the mainstream of automobile steering technology. Nowadays, fuel cell vehicle
technology is not mature, so the domestic and foreign fuel cell vehicle development is
mainly based on traditional vehicle platform. At the present stage, considering the
development cycle and the cost, the powertrain is replaced and the vehicle
adaptability is modified, while the chassis system is retained. Because of the low
integration, large volume and heavy quality of fuel cell system, the steering system of
the original vehicle platform cannot meet the development requirements of fuel cell
vehicles. Therefore, the matching design of electric power steering system based on
the original vehicle platform is practical significance, which makes the layourt,
structure and steering performance meet the requirements of fuel cell vehicle
development and mass production.

In this paper, the electric power steering system of fuel cell vehicle is designed
and tested:

Firstly, the requirements of the fuel cell vehicle to the steering system were
analyzed, and the development status and trend of electric power steering system
suitable for fuel cell vehicles were summarized. At the present stage, it was pointed
out that there are some problems in the system of electric power steering system for
fuel cell vehicles, such as insufficient capability of steering power, poor performance
of steering power changing with the speed, and the poor perfomance of steering active
return and damping;

Secondly, the basic composition and working principle of electric power steering
system were introduced, and the types and characteristics of electric power steering
system were analyzed. After that, the technical requirements of fuel cell vehicle
electric power steering system were analyzed and the design flow of electric power
steering system for fuel cell car was introduced:;

According to the technical requirements, power type was selected and the system
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layout scheme was designed. The structure and parameters of the steering gear, the
reduction gear, the motor and the sensor were designed. As well as the control strategy
of power assist control, return control and damping control were designed;

Refer to the standard for Technical Requirements and Test Methods of
Automotive Electric Power Steering gear(Draft for Comments) and the standard test
frame for developing electric power steering system of SAIC, the bench test of
electric power steering performance of fuel cell vehicle was carried out about the
capability of steering power , and the bench test results was analyzed,;

Finally, with reference to GB/T6323-2014 Test Method of Vehicle Handling
Stability Standard and the electric power steering system calibration and performance
test specification of SAIC, the steering performance of fuel cell vehicel electric power
steering system was calibrated and was tested on vehicle, including assist contorl,
active return and damping control. Then vehicle Test results were analyzed.

Through the research of fuel cell vehicle electric power steering system design
and test, this paper provides an important theoretical basis for the development of
electric power steering system for fuel cell vehicle. The combination of theory and

engineering projects has certain practical significance and application value.

Key Words: Fuel cell vehicle, electric power steering system, design, test study
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Steering Wheel Torgue (N-m)

<= Left Turm Steering Wheel Angle (deg) Right Turn ==

I 5.17 60km/h J7 A1 2 A1 5 5 1] R 26

MR 2 2B, 73 ) 22 BE 453 160 20km/h AT 60km/h (1120 25 3% 17] 77056
gk L& 5.18 AP 5.19, 7 %05 & Wit s & 5w 1 ER .

Lateral Acceleration (g)
Metric, by segment 0.0 0.1 0.25 Speed
CcW cCcwW cwW CCW CW ccW (kam/h)
Steering Torque (N-m)
1 0.95 -0.91 2.36 -2.05 2.85 -2.88 21.4
2 0.89  -0.97 2.37  -2.16 2.87 -2.93 21.6
Average 0.92 -0.94 2.36 -2.10 2.86 -2.89 21.5
Std Dev 0.04 0.04 0.00 0.08 0.02 0.05 0.1
Steering Torque Gradient (N-m/g)
1 39.2 45.5 6.6 4.6 3.7 5.4
2 43.4 37.1 5.8 7.7 3.0 2.7
Average 41.3 41.3 6.2 6.2 3.4 4.1
Std Dev 3.0 5.9 0.5 2.2 0.5 1.9
Steering Sensitivity (g/100 deg SWA)
1 0.11 0.14 0.12 0.15 0.14 0.15
2 0.13 0.13 0.13 0.13 0.15 0.16
Average 0.12 0.13 0.12 0.14 0.14 0.16
Std Dev 0.02 0.01 0.00 0.01 0.00 0.00
Steering Wheel Velocity (deg/s)
1 34.9  -20.7 38.1 -17.7 27.2  -32.8
2 24.5 -36.3 35.0 -47.1 32.6 -34.8
Average 29.7 -28.5 38.6 -32.4 29.9  -33.8
Std Dev 7.4 11.0 0.6 20.8 3.8 1.4
Steering Wheel Diameter = 375 mm
Average Test Speed = 21.5 km/h
Lateral Acceleration (g)
0.0 0.1 0.25
Steering Torque (N-m) 0.93 2.23 2.88
Steering Wheel Rim Force (N) 4.96 11.91 15.34
Steering Torque Gradient (N-m/g) 41,30 6.19 3.1l
Steering Wheel Rim Force Gradient (N/g) 220.3 33.0 19.8
Steering Sensitivity (g/100 deg SWA) 0.13 0.13 0.15

K 5.18 20km/h 2 &% 0] 73R 56 45 3
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Lateral Acceleration (g)
Metric, by segment 0.0 0.1 0.25 Speed
CW CCW oW cCW W CCW (km/h)
S8teering Torgue (H-m)
1 1.82  -1.42 2.64 -2.50 3.60 -3.26 58.2
2 1.31  -1.72 2.47  -2.46 3.48  -3.28 58.7
Average 1.57  -1.57 2.55  -2.48 3.54  -3.27 5g.4
5td Dew 0.36 0.21 0.12 0.02 0.09 0.01 0.3
Steering Torgue Gradient (N-m/g)
1 9.0 13.6 12.2 9.6 2.7 2.0
2 13.8 12.3 8.6 12.1 2.1 2.4
Average 11.4 12.0 10.4 10.8 2.4 2.2
Std Dew 3.4 0.9 2.5 1.8 0.4 0.3
Steering Sensitiwvity (g/l00 deg SWA)
1 0.71 0.60 0.78 0.73 0.69 0.72
2 0.72 0.64 0.75 0.76 0.78 0.80
Average 0.71 0.62 0.76 0.74 0.74 0.76
5td Dew 0.01 0.03 0.02 0.02 0.06 0.05
Steering Wheel Velocity (deg/s)
1 75.3  -62.0 27.3  -50.9 36.3 -46.9
2 44.0 -74.5 38.6 -35.5 286.6 -35.0
Average 56.7  -68.7 32,0 -43.2 32.9 -40.0
8td Dew 22.1 B.2 8.0 10.9 4.7 B.4
Steering Wheel Diameter = 375 mm
Average Test Speed = 58.4 km/h
Lateral Acceleration (gl
0.0 0.1 0.25
Steering Torgque (H-m) 1.57 2.52 3.40
Steering Wheel Rim Force (N) 8.37 13.42 18.1s
Steering Torque Gradient (N-m/g) 12.1% 10.62 2,30
Steering Wheel Rim Force Gradient (N/qg) 65.0 5G.6 12.3
Steering Sensitivity (g/100 deg SWA) 0.87 0.75 0.75

5. 19 60km/h Bh A% m) R 25 R
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IR ] IEVE RS VPNV BRI R e MR ) — DB BE N 2. % ) [ EPERE
I AR RAEAIN 2 VR4 B M 2610 52 3 B 4647 B 1) 1) i A, — Mol e s % [ [
IE PSRN ] IE AR 4 f A% Il IEPEAE 3 B2 o Bl 0] 1E Jo0E /& 24 4238 20 km/h, K
Ji AL 180° LA b, 5 M2 [B] AE B HE 4R 5 1) 4 BT 7 1 0 R A2 kL A
7 EPS RGBT EE KT 0.5 Nm. #E[a) [a] IEFR A A & LLZE O 20km/h,
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WItMEE T 159
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PoERAEA . XU AR A 2Q 4304 JERs . e MBSORN 7 1) 48 £ B 0 A R A5 AR i
# o FFAEAKCPIE BE R IR EXHRTS 5 & BT A B bR e FIR % . RIS BN
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FITER
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km/h, Jf Hik#) 0.4 g BRI EIE R, BBOT MR, ZRANI% RE [R] 212
SE AT . BRRHHIBHR . EPS R GUIRTH AR A B M e KA S B A A
6 (WIURME 90%) Pr i AIES 8] Bz AV 1.5s.

W8 Ty 9% IR, $0 R UE 108 4o, 2 I R B R AR A
XU AR FE Ak 3G A T s < BERRACAN T [ 5 A 2 0 AR AR A i 7%, JRAEK
ST R T F e R B AT A EO b e AR . i A 100km/h IR REFFE
17, BN IS Y Ja R J7 [ 4T 287 A 0N [ sk 2 6B 0.4940.059 I #
FE, HRZ A EARE T K. B LA 100km/h 223 HAT NN 3, FHaaEdEid %,
OR¥F 25 JEREBOT AL, S5 A7 ML A A R BRI e R e 7 kil ok . R
ERETTE, et 2 AR

BIGEIR . MR BT AT S, Fe AL B 5 ] RS 52 A9 3 88 1 7 K%
LA 270 5l WL IS 5.23 A 5.24, FLINGAR 2 A% 1AL JE il da 45 R i & 5.25,
FRE A N KB B A ME (FI6ME 90%) Frs i 104 1.33s, 2
Bt lE N 158) [fH.

Left Turn Nearest Average and Fitting Functions

Yaw Velocity (deg/sec)
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Right Turn Nearest Average and Fitting Functions
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[FIGF RS WA i S0 ORE Rt AR 4 s B B 0 6 i) R e i 5 IR AT AT

GETTLING  TIME CONSTS AMPLITUDES INIT  YAW RMS ERROR
TINE (mac) (sac) (dag/sec] A PRE) (deg/sec)
SEG 63% 808 TAUVTAUC alt) alst) al0) (g)  (H2) (<t) (4]

1 0.68 106 3.9 0.77 -10.23 -10.23 0.3 -0.47 1.31 4.0 3.19

2 064 103 2,66 076 864 8.64-0.10 043 1M 478 207

90% SETTLING YAW FREQ INIT AY RMS ERROR
TURN SEG TIME (sec) (Hz) V/€ RATIO ig) (deg/s)
coW 1 1.06 1.31 0.197 -0.47 5.16
W 2 1.03 1.34 0.287 0.43 .21
AVG CCW 1.08 1.31 0.197 -0.47 £.16
SDEV CCW 0.00 0.00 0.000 0.00 0.00
AVG CW 1.03 1.34 0.287 0.43 .21
SDEV CW 0.00 0.00 0.000 0.00 0.00
AVG ALL RUNZ2 1.04 1.33 0.242 0.45 5.19

K 5.25 #[A PHJE ikn g R
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PERIRTED) badt, A4 T PERE IR R LBt st, XS PR RE I i) H K. Tk
R RT3 A, IR H R e [ R A L e 1 [ I A RO B kB

70



He6E S5 RE

B oE ZRXE5RE

6.1 &1t

%5 H TR VR RO WA A, DARTE R A AR R s S R &, B
B B [ P AMERRE IR ZE T e 32 B DME R R T & N B, @i 3 ) RS B
RIS 2258 B 5O T SE T o {5 R TR KL FRIR BN )1 R GAFAEEE AL FE AR AR
AR R ESER S, FEEET R ERE G R BB iR 2 5t 2 R0 57 4l 3 A2
K, HEm KRG T 2 BRI R BRI RR, W SCERHZ R R H T Rk
M ZE BB By 7 e 1n) R DL EC T E B o B o 8 5 ) S SRS R SR 2R
EPS R4 KL, 4564l LB TREWTF 72T H &1 6k B it 3 4283017 EPS
RGUER . A BV G50 LS EUTEC BRI SRS 3t T & 28050
PERER & A S 2B I 7020 AT, B 2T R i R AR L 2 TR A 225K 1) EPS
B ARG . A FETAEMBRDT:

(D 2t 1 RARE L IR ZE X e 1) R B3R, 48 B BB %% M R 2N
WRRE VYR A3 M B R S I T2 01IE A BRRE VYR ZE (W FE BB 1 e 17 R G011
Bl A 40 e BIIR B e 3803047 T MR, $8 H T IR B R) Fe R 2 Fe B B ) 3 v) &R
GATAEEL B I RE AN 2, e B B 2 VERE AN, 32 B[R] I RTBE JE 2 il 14 G
L2 T I

(2) NAT BB R RGWFEARA R TAERE, 48T 7 Bshbh /%%
7] R GE IR J FURE o X RRL I A B B D 10 R IR ZESR AT T H
G953, FEXTRRL IR ZE BB D i n) R A BB SiRESR R AT T4

(3) MRYERARL T 42 f 8 Bl 0% 1m) R BORZLR, AT AR b B 42
HLB B e 1) R 48 B 1 R SRR B RN R G A B 5 R, X L shBh i R
G ) JRIENLA . FLANR S SR A 34T T AN S B TR T
A6 B il ] I 4 R BEL e i o) () 4 ) SRS AT T 180T

(4) Wi Z% GRZE BB 75 1756 B B ARZSRFNAL %) PR &
DA, 456 ROt R Bah B 1 m R AR & 3R IG R, 0 BRORL R it A 42 FEL BN B
DI RGN 6 SIS TR L WA RIS 7 ST T TE . XS BT T R SRR HL
TR I W KRG B 168 1T T G 40R5 KA R T, WEH G 42
PEREIR B T BT EK

(5) @it Z% (GBIT6323-2014 JXZEHN A2 E RIS 7)) bR FFas & 5
WL FE BN B 3 1) 22 5 (P0A 8 R BB G AT, XHERR) FE I 42 Fe sl B ) B )

71



[FIGF RS WA i S0 ORE Rt AR 4 s B B 0 6 i) R e i 5 IR AT AT
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B 186 7 R A R GRS HTIE RS IR N, K St il e e S B R Gi kR
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