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Design and Experiment of Differential Steering Mechanism for
Track Combine Harvester

Li Yaoming Chen Jinsong Liang Zhenwei Ma Xiang Jiang Xiaochun
(Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University, Zhenjiang 212013, China)

Abstract; In order to solve the shearing damage caused by the track combine harvester continuous
steering in the field, increasing the steering flexibility of vehicle, and improving operation efficiency, the
driving performance simulation test of a pivot steering mechanism at the flat hard pavement and heavy clay
was conducted. In the test, the multi-body dynamics model of the combine harvester was established in
RecurDyn software, and the movement state was obtained, including steering angular velocity, steering
angular acceleration, steering radius and output torque. On this basis, the new type pivot steering
mechanism and the walking performance test harvester were trial-produced, and a large number of
experiments were carried out. Test results show that, under the same steering mode condition, the
differential steering output torque in paddy field is maximum, up to 5 668. 2 N-m, much larger than that
at the concrete floor, which is 2 268.2 N-m, at the same time, the differential steering output torque is
the biggest of the three steering modes. As the rotate speed of the driving wheel is 75 r/min, the angular
velocity at the concrete floor is 0. 610 rad/s, and that of the paddy field is 0.592 rad/s, which are
improved by 87. 7% and 88. 5% separately; the minimum steering radius in the paddy field is 0. 098 m,
and that of the concrete floor is 0. 082 m, which decrese the steering occupied area significately. The
proposed differential steering mechanism improves the walking performance of the combine harvester
greatly.
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Fig.1 Kinetic analysis of differential steering mechanism
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Fig.2 Assembly drawing of differential steering mechanism
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Fig.3  Chassis of simulation model of differential

steering mechanism
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Tab.1 Hard pavement parameters

ZH BE
T NI B B/ (N-m™") 1.0 x10*
HE LB R e/ (Nosem™") 10
BILRE n 2.0
TR 4 R B e, 0.9
B R DR A 0.7
T RBEREH T v,/ (mes™h) 1.0
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Tab.2 Heavy soil parameters

e A gics

LR AT b,/ (Nom ™ (7)) 5.1737
P R A TR R ky,/(Nem ™ (%72 0. 633 86
T AR R n, 0.13
N ST ¢,/kPa 6.895 x10 2
B YIRE A1/ (°) 34

By Y) AR AR K, 25
TULHER 0.05
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Fig.4 Simulation results of group A

HIET Sa ] L, 22 39055 (6] £ )3 29 0 0. 58 rad/s,
TR T A1 i B A U 9 0. 28 rad/s, B 1] A4 R B
ER U R BRI 2
0. 19 rad/s 3@ 43 X 7 1A HEAT PR 000 o A 22 301 4% 1]
IR, 22 5 1) A 3 RE B B oK, e MR E o

Hi P Sb AT UL, 7 7 > G A1 0 A 5 T, 22 30 1)

FECR Ze 2 b AR R K, P 3292 5 600 N - m, [7]
U0 B 1o 4 T i b LA A /N, AR 2 500 Nem,
3 T A o AE D A 1o T FE Y D R AR OR

R B A5 SR AR T 2% 22 0 1) LR T O
YB3 P [R] B A 1 A, L 1A PR RE AT A B
TR 22 30 B ) i RE b O D Bl R AR R



FHR] A JE A UK R HL 2 R T L B S AR 131

E
osf}%%%%%m ﬂ
f;fzz T w M/ |
%i W%ﬁ“%WNWW\M
o M
%<ﬁmzaﬁ€§@4sg6sm

& 5

Fo b B AAE/(N-m)

R
— S 1A
— L

0 07 14 21 28 35 42 49 56 63 170
fif &) /s
©)

B 21 {5 ik 5 &5

Fig.5 Simulation results of group B

80 mm , B Hh 5 /NG 1] 2 A2 0 120 mm 5 HLE 17 £y 9 2
E RGO REAR Al 28R s A V) e e R L A
T 33k FZ e /> ELARFFARUE , BE NS 52 BT 1] 1) (R, ok
fRRAF 5 B

3 HBERE

3.1 AB%E
3.1.1 i pLy

WA AR e B R B AT R R, P il = il 5K
0P A PR X A R B IR 2 A B RORS 5, LR £R Y
R PR 2 A 1 T Y 17 R AL Y TR A .
HR G5 A e A L% Bl B 2 g R ORI T B iR AL B
ANt 58 2 1 5 B2, 181 6 It 7 O i o i1 22 0 e
T HLA

(0) st (o) EEEiFeAE
6 2250 5% 1 HLAL K ) i
Fig. 6  Trial process of the differential steering

mechanism
3.2 ety ks
K 1 5905 i3 & G xk Ac A 2 Bl AT AL AR/
SR o TR A A P AR S Pl A B 4 R AR
(B BF120) , BEA S0 3k 3 iR .

R3 MERELESH

Tab.3 Basic parameters of strain gauge

S8 K fE
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Fig.7 Arrangement of strain gauges on half-shaft
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Tab.4 Experiment results of torque and angular

R O 1,03 m/s, 7 2 Bl g i

velocity under cement condition

LA nE e . ki AR A o/
B ) JE Y
R/m M,/(N-m) (rad's_l)
11.5 I3 % 895. 6 0.032
6.12 ) i 5 1) 1018.5 0.154
0.75 B B 1296.6 0.325
0. 085 2 35 5 ) 2268.2 0.610
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Tab.5 Experiment results of torque and angular velocity

under paddy field condition
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0. 096 2 3 ) 5668.2 0.592
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Tab.6 Measurement result of minimum steering radius

under cement condition m
o Be N M o/ (rad-s ")
75
3.6 5.3 7.2
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2 0.079 0. 088 0. 082
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S P4 0. 082
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Tab.7 Measurement result of minimum steering radius

under paddy field condition m
o el M o/ (rades ")
=2
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1 0.085 0. 097 0. 105
2 0.098 0.110 0.095
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