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Adaptive adjustment system of header height
based on inclination sensor

LONG Zhenhuan, XIANG Yang™ , LI Yajun, HU Zhengfang, LIU Anwen, DAI Xiufeng
(College of Engineering, Hunan Agricultural University, Changsha 410128, China)

Abstract Aiming at the problems such as large sensor interference from the environment, complicated installation and
high cost existed in current automatic adjustment system for the header height of the rice-wheat combine harvester, an
indirect measurement method of header height based on vehicle body inclination and header inclination is proposed.
Related mathematical model is established and an adaptive adjustment system of header height based on inclination
sensor is developed on this basis. The mathematical model verification test is performed to compare the calculated
header height with the actual header height to verify the accuracy of the mathematical model. The header height control
accuracy test, the system response speed test and the simulated field crossing test are used to verify the control effect
of the adaptive adjustment system of header height based on inclination sensor. The results show that: 1) The
correlation coefficient between the calculated header height and the measured header height change curve is 0. 97,
which verifies the accuracy of the mathematical model. 2) The maximum error of the header height control is 18 mm.
3) The average ascent speed of the header is 0.22 m/s and the average descent speed is 0. 17 m/s. 4) In the
simulated field crossing test, under the same obstacle conditions, turning on the system can reduce the coefficient of
variation of the high stability of the header from 10. 77% when the system is not turned on to 2. 79% , and the
robustness is good. This system meets the operational requirements of the combine harvester, and is suitable for a
relatively flat working environment with small obstacles. The system can realize low-cost, real-time adaptive
adjustment and is easy installation.
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1. Singlechip controller; 2. Multifunctional slide valve control
system; 3. Body inclination sensor; 4. Header; 5. Header inclination

sensor; 6. Header lifting cylinder
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Fig. 1 Installation schematic diagram of the adaptive
adjustment system of header height based on

inclination sensor
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1. Vehicle body; 2. Track wheel; 3. Header; 4. Obstacle; 5. Ground
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A is the rotation center of the header; L; is the distance from

the end of the track wheel to the intersection of the center point of
rotation of the header A and the vertical line of the bottom surface of
the track wheel; L. is the vertical distance from the center of
rotation A of the header to the bottom plane of the track wheel; L; is
the distance from the rotation center point A of the header to the
header; a is the inclination of the vehicle body; g is the inclination of
the header; H is the height of the header.
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Fig. 2 The geometric relationship between the inclination
of the body, the inclination of the header and the
height of the header
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1. Spool; 2. Multifunctional spool valve; 3. Operating lever;
4. Connection frame; 5. Linear actuator; 6. Linear displacement
transducer
3 YR RENREEMTER
Fig. 3 Schematic diagram of the structure of multifunctional

slide valve control system
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Fig. 4 The relationship between the measured
expansion amount of the linear actuator

and the target expansion amount
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O is the fixed point at the end of the operating lever;
M, is the initial position of the spool.

N is the stroke of the linear actuator corresponding to the
movement stroke of the spool; Ny is the expansion amount of the
linear actuator corresponding to the initial position of the spool; d is
the distance from the initial position M, of the spool to the fixed
point O at the end of the operating lever; x is the distance from the
midpoint of the stroke N of the linear actuator to the fixed point O at
the end of the operating lever.
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Fig. 5 Simplified spool position control principle diagram
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Table 1 Control accuracy test result of the header height
W B A/ () TR /mm S BE / mm #3122/ mm FRAXS 522/ %%
Test number Set inclination Calculated height Measured height Absolute error Relative error
1 —22 763 751 12 1.6
2 —25 663 645 —18 2.7
3 —28 564 570 6 1.0
4 —30 500 500 0 0
5 —33 406 394 —12 3.0
6 —38 257 265 8 3.1
7 —40 200 200 0 0
8 —43 118 125 7 5.9

FHXT 2258 5. 900, MM RECH 0. 98,
4.3 RGN Rk EIX I
FR G W) 07 3R L S R 0 R 5 e O
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Table 2 The response speed of header height adaptive adjustment system

RO # 5 _EF+ Header up %) T Header down
Test . BRE /s HEE/(m/s) . HHE /s B/ (m/s)
number AR/ AH/mm Time Speed B8O AH/mm Time Speed
1 3 87 0. 35 0. 24 —3 88 0. 54 0.16
2 ) 136 0.57 0.24 —5 139 0. 85 0.16
3 8 279 1. 40 0. 20 —38 279 1. 50 0.19
4 9 313 1.52 0.21 —9 304 1. 81 0.17
5 11 335 1. 60 0.21 —11 332 2.10 0.16
T AR N E & BARMTSA 5V BRI 0 22 0 AH S E A& B BRI 5 00 46 5 A A0 22 (5 A X I3 i 912 75 AR AL R

Note: ABis the difference between the target inclination angle of the header and the initial inclination angle; AH is the measured height

change corresponding to the difference AB between the target inclination angle of the header and the initial inclination angle.
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Fig. 9 The height of the header changes when the

adaptive control system is turned on and off
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Table 3 Performance evaluation of the adjustment effect of the header under the

conditions of turning on and off the adaptive control system

Performance parameter

|5 V- E E /mm Average height of header
1% 22 16 {H /mm Peak error

#1122 /mm Root mean square error

FasE MAs B 28/ % Stability coefficient of variation

KRS IS
Turn off the system  Turn on the system
386. 4 351.9
102. 6 22.9
49.9 10.1

10. 77 2.79
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