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Fig.1 Electronically controlled hydraulic steering circuit
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Fig.2 Schematic of wheel steering mechanism
for wheel combine harvester
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Fig.3 Measuring device of steering angle and calibration
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Fig.4 Combine harvester electromechanical hydraulic steering test system
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Table 1 The measured results of transient response process at different voltages
EEH R/ V AR EE/(C/s)  WE R/ ms JEHE I [A] /ms i B[] /ms WA/ WEEA/O

Control Steady steering Retardation Transition Residence Transition Stagnant
voltage speed time time time angle angle
4.0 1.81 83 150 25 0.21 0.10
—4.0 4.85 97 150 42 0.34 0.18
4.5 5.12 90 190 45 0.36 0.22
—4.5 7.79 90 160 55 0.73 0.34
5.0 8.27 93 180 58 1.11 0.41
—5.0 10.40 90 160 62 1.41 0.53
5.5 12.66 87 200 68 1. 92 0.62
—5.5 13.37 87 150 65 1.98 0.82
6.0 16.49 93 180 72 2.45 0.98
—6.0 16.54 90 160 7 2,77 1.24
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Electronically controlled hydraulic test and analysis on steering
characteristic of wheel-combine harvesters

PENG Jingye XIA Zhongzhou LI Zuodong WANG Xuping HE Zhibo DING Youchun

College of Engineering , Huazhong Agricultural University/
Key Laboratory of Agricultural Equipment

in Mid-Lower Yangtze River .Ministry of Agriculture and Rural Affairs ,Wuhan 430070,China

Abstract The automatic navigation of the combine harvester can reduce intensity of drivers and im-
prove the quality and efficiency of harvester operation. Converting the traditional hydraulic steering sys-
tem of existing combine harvester into electronic control hydraulic steering system is the prerequisite to
realize the automatic navigation of combine harvester. However,after the refit of electronic control hy-
draulic circuit. It has the characteristic of complex structure of steering system,time delay of electronic
control dynamic response and non-linearity of control system,which is not conducive to the accurate de-
sign of follow-up navigation controller. In order to realize automatic navigation control and steering char-

acteristic test of the wheeled combine harvester,an electrically controlled hydraulic steering test system
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has been set up in this thesis. The above-mentioned system is mainly composed of electrically controlled
hydraulic steering valve set,industrial control computer,control box and steering angle measuring equip-
ment. To further obtain the steering characteristic test of the wheeled combine harvester, the static test
on the concrete and curve fitting are carried out for the relation between the expansion of hydraulic cylin-
der and the angle of steering wheel which determined the steering control voltage range of electrically
controlled hydraulic steering. The different control voltages correspond to the steering velocity of wheel
and the dynamic response process of square wave control signal. The relationship between input signal
amplitude and retardation time, steady-state response time, residence time is analyzed. After the com-
bined harvesting electromechanical control hydraulic steering characteristic test, the modified combine
harvester realized fast and stable electro-hydraulic steering control. The electro-hydraulic steering con-
trol system has an asymmetric control voltage dead zone. When the proportional valve opening amount is
equal,that is, the control voltage is the same, the steering wheel has different steering speeds,and the
one-way rotation speed is approximately linear with the valve opening increment. The transient response
process of the electronically controlled hydraulic steering consists of a delay link,an integral link and a
second-order oscillating link. It is mainly affected by the internal friction damping of the valve core,the
spool return spring and the response delay of the electrical signal,and its transient response characteris-
tics and power. The control hydraulic steering speed relationship basically conforms to the characteristics
of the electro-hydraulic proportional valve-controlled asymmetric hydraulic cylinder system. Static test
on the concrete revealed:the steering angle of the steering wheel is approximately linear with the expan-
sion of hydraulic cylinder,the regression determination coefficient is greater than 0.99 and the root mean
square error is 0.25. The steering angle of the steering wheel is from —29.76 ° to 30.23°, Dynamic test in
the field revealed:the dead zone voltage range accounts for 32% of the control voltage range; When the
steering wheel is in steady motion,the steering rate of steering wheel is approximately linear with steer-
ing control voltage; the system has a transient state response process,and the average retardation time is
90 ms,steady-state response time is from 150 ms to 200 ms,steady-state response angle is from 0.21° to
2.77° ,the residence time is from 25 ms to 77 ms,the stagnant angle is from 0.10 ° to 1.24 °. The design
of the subsequent navigation controller is usually carried out by establishing the transfer function or dy-
namic model of the steering system. However,due to the combined operation of the combine harvester in
the field, the hydraulic cylinder load force is affected by the total weight of the harvester and the relation-
ship between the tire and the soil. The influence of spring stiffness variation and different viscous damp-
ing forces,the establishment of complex and unique system models often can not meet the actual needs,
so the approximate linearization of the combined harvesting electromechanical hydraulic steering system
and the test of the transient response time distribution in each period can provides practical parameter
support and adaptability research basis for the design of the combine harvester navigation controller.
Keywords wheel combine harvester; steering angle measuring device; steering test system; steer-

ing characteristic; transient state response
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