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Hardware-in-the-loop Simulation of Steer-by-wire System on Wheel Loader
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Abstract

The composing and the function of every part of hardware-in-the-loop simulation system of

steer-by-wire technologies on wheel loader were presented. The proportional relief valve to

simulate the load of the system was introduced. Making use of the means of transfer function,

the mathematics model of the system was built, and with the model, the system has been

simulated, then the PID parameters in Matlab were regulated. An experiment was carried out on

the hardware-in-the-loop simulation system to test the response with different input signals and

loads. The result showed that it is well simulated the load by means of proportional relief valve,

validated the feasibility of the use of steer-by-wire technologies on wheel loader.

Wheel loader,

simulation

Key words

51

B ] P R AL 400 358 %) 4 2 % 1) 3R 4 1) F
FEAR D AR Fb A AR A LR 5 e ) 2R G B BF S 2 82
APGENTY L A SR T R R A 1) BOR B
TE 2 (] % 075 B AR 40 - R 1 EC 491 4 7 1 o 28 ) 77 3%
ARGAATHEIN R FFAEZ R G LT T 555

1 REARRITELRE
el 1 Ay 2 ML 27 e 1o B 1 7 2k ol 0 B R

il 1

Wk B . 2005 -12-15
* A RHET I E (3 H 405 :20040336)

TRE  HARRFEIME S TR W4k, 130025 K&FW

M KELREREIMIRR AIZE. 130012 KEW
B HMOCEPIRE S TR S ORI
KFIE EMOREIRYE S TR BUR LA

Steer-by-wire,

Steering system, Hardware-in-the-loop

LB . B A0 B AR 48 th % 1) 45 5 AT T R
BT B i T R AR

Fe i i 5 AT T R G e S
A FTE Bl 7 U5 e 1 AT AL B e A L R
He 1 R T

HELAEL B 2 A T 2R 6 ey TR BIL 47 o R 9 L A9
UL I AR GE A B o ) A TR % T L 9] T 1 1 Y [l
k30 g 30 o R L 9] R o) X PR T AR S A [l il
Fe T3 LIk a5 i

e Foad T v X 28 0 1 i A A A ) ) B e

i AR



16 £k HL

L

20074

(B (S0 B R 5 26 2 B8 (B o T L £ A6 6 A% AR
I TG 2E 78S 19 52 PR B B e o B AR, T &
i A/D Feit i i AT U BB L 8 P22 0 4
iz B A R A ) e 2t DA e Dy B AL L
N\ E 091 R s i e SR 3l H 8 BG40 1 R A L 9

DL ] 6 2 W) o TR B 0 O ), B =TS ZEL RS ﬁi']
WEE M 1k
N .
_____ @ ,—ﬁ-—‘ I i
e ;
*’” o AR |
e i
P S ;
--------------------------- i
Ltwmw
e L

WAL R LA v

T it 1)
BT B e £ Il B0 R G R B

Fig.1 Compose of hardware-in-the-loop simulation system
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Fig. 2 Schematic of proportional directional valve

control symmetrical cylinder
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Fig. 3 Block diagram of electro-hydraulic position

Servo system
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Fig. 4 System response under step input
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Fig.5 Piston displacement response under step input
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Fig. 6 Piston speed response under step input
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Fig. 7 System response under square wave
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Fig. 8 System response under square wave

after emendation
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Fig. 9 System response when relief valve
voltage was 1.5 V
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Fig. 10 System response when relief valve
voltage was 4 V
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Fig. 11 System response under 0.1 Hz sine wave

13~ 14 3 R GEX T 1) B AT T A 19 0 iz

2




F R A e aRLER i i ) R GO 1 AR 2R [ iy 19

fik% /m

9.0 105 120 135 150 16.5 18.0
1A /s

Bl 12 FREext 0. 3 Hz IE 35455 19 MR L

Fig. 12 System response under 0. 3 Hz sine wave
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Fig. 13 System response when relief valve

voltage was 0 V
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Fig. 14 System response when relief valve

voltage was 6 V
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