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Performance Analysis and Comparison of Different Types of Steering
Wheel Turning Control Motors in Automatic Navigation System
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Abstract ; In order to improve the control precision of the autonomous navigation operation of agricultural
machinery in farmland environment, three steering wheel turning control systems based on different types
of motors were designed and developed. Based on the analysis of the parameters of the three kinds of
motors, such as stepper motor, servo motor and stepper servo motor, and their performance differences,
the tractor automatic steering actuator was designed, and equipped with industrial computer PC, PLC
controller, front wheel angle detection mechanism and GNSS positioning system. The design and
development of the industrial vehicle terminal software can realize the automatic navigation nested double
closed-loop control system and the corresponding PID control algorithm; the electrical schematic of the
control system and the PLC steering program were designed. Finally, the tractor automatic navigation
concrete pavement and field sowing test were carried out. When the tractor was linearly navigating at a
speed of 0.8 m/s, under the two test conditions, the root mean square errors of the stepper motor
navigation system were 8. 81 cm and 12.09 cm, respectively, the root mean square errors of the servo
motor navigation system were 4. 85 ¢cm and 10. 55 e¢m, respectively, and the root mean square errors of
the stepper servo motor navigation system were 4. 54 cm and 5.53 em, respectively. The test results
showed that the stepper servo motor had the best performance for steering wheel turning control in the
automatic navigation system.
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Fig. 1 Electric steering turning control system
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Tab.1 Parameters of controller and hollow shaft rotating platform

R S8 Bl #=
CPU % Intel D525 2. 8 GHz XU AL PR %
N4 H/GB 2
JLECHE 1024 %% x 768 1% LCD 54 LED ¥t
PPC —5152 — D525 4 T45#1, fis 232 BRI >
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FX3U — 16MT/DS % PLC il 2% ST
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Tab.2 Stepper motor and its driver parameters
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12 4R A B/ mA 6~15
TAERSE/C -20 ~50
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Tab.3 Servo motor and its driver parameters

WA e HE
FL AL R/ (N - m) 1.27
FLAL ABUE LI/ A 2.8
fal i AL iAo e Bk ") 10000
HALFE SRR/ (g-cm?) 302
FL LR BN 1B/ (N-m) 0. 060
TAERE/V 8 ~80
LA 20
. BE T/ W 30 ~400
fr IR LB Bl % S ERIREHEH (romin ') 3000
PR FL I/ mA 8 ~20
TAEIREE/C -20 ~50
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Tab.4 Stepper servo motor and its driver parameters
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Tab.5 Comparison of different types of motor technical indicators
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Fig.2  Control block diagram of double closed loop

steering system
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Fig.3 Double closed loop steering system electrical connection diagram
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Fig.8 PLSR adjustable speed pulse output command
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Fig.9 Pulse output program of button control steering
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Fig. 11  Concrete pavement navigation deviation of motor steering systems
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Fig. 12 Field sowing operation navigation deviation of motor steering systems
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Tab.7 Navigation experiment results of different motor steering systems under two test conditions
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