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Abstract: To improve the synergistic profiling capability of the combine harvester headers in terms of
longitudinal height and lateral inclination, and enhance the detection sensitivity of the profiling devices, a
synergistic profiling system for the headers was designed. The system consised of a curved-arm profiling
detection device, a hydraulic system for header lifting and leveling., a PLC control unit, an HMI display
and a manual control module. Through comparative analysis of the detection sensitivity and influencing fac-
tors of straight-arm and curved-arm profiling devices, the curved-arm profiling device with higher detection
sensitivity was selected. A synergistic profiling control strategy for the headers was proposed, combined
with an improved gray prediction variable-speed PID algorithm for the system control. Based on the rela-
tive parallel or inclined states between the header and the underlying terrain, independent or joint adjust-
ment of the header heights and inclinations were achieved. Simulation results show that compared with the
traditional PID control, the adjustment time of the profiling system is reduced by 58% . effectively improv-
ing the system response speed. Field tests indicate that at operating speeds of 4~10 km/h, the profiling
system maintains high operation accuracy. The qualified rate of stubble height is increased by an average of
42.42% compared with the manual mode, and the absolute errors between the stubble heights of each
group and the target heights are controlled within 15 mm, resulting in more uniform stubble. These results
demonstrate that the profiling system has excellent synergistic profiling performance.

Key words: longitudinal height-lateral inclination synergistic profiling; profiling detection device;
grey prediction; variable speed PID control; combine harvester
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Fig. 1 Schematic diagram of the profiling system
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Fig.2 Control principle of profiling system
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Tab.1 Hydraulic valve models and specifications
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Fig.3 Profiling detection device
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Fig.4 Schematic diagram of the working process of the

profiling detection device
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Fig.5 Calibration test of profiling device
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Fig.6 Schematic diagram of terrain undulation
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Fig.7 Flowchart of the profiling action judgment program
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Fig.10 Simulation results of header leveling control
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Tab.2 Test results under automatic profiling mode

mm

kg | PUENGRGE 7 km/h I&] 5 B 7175 BZ 100 mm
A | 60 mm | 100 mm | 160 mm | 4 km/h | 8 km/h | 10 km/h

1 66 104 169 87 109 115

2 66 110 161 86 114 90

3 63 115 169 100 107 108

4 72 112 154 93 91 110

5 74 103 172 96 89 90

6 54 105 173 99 110 86

7 75 97 181 93 92 112

8 56 108 169 96 91 109

9 74 105 167 101 121 77

10 46 96 163 101 109 93

11 70 93 158 96 113 108
e | 9 687 | 835 | 524 | 1075 | 11.85

p |85.45%|87.27% | 85.45% | 94.5% | 83.63% 80%

x3 FHAETHMNLER

Tab.3 Test results under manual control mm

kg | PUENGREE 7 km/h [ 7 H b5 5 BZ 100 mm
A | 60 mm | 100 mm | 160 mm | 4 km/h | 8 km/h | 10 km/h
1 80 120 185 118 128 131
2 84 78 182 115 133 134
3 83 124 177 123 128 139
4 79 79 136 86 127 136
5 87 125 179 121 130 134
6 82 128 183 120 134 139
7 86 129 181 123 137 141
8 83 123 183 116 130 132
9 86 76 188 115 134 132
10 96 127 149 123 126 129
11 84 126 184 116 135 130
ewnn | 25 24 2154 | 18.6 | 31.02 | 34.29
P |43.64% | 50.9% |52.72% [56.36% | 30.91% | 27.27%
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