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Analysis of Harvesting Losses of Rapeseed Caused by Vibration
of Combine Harvester Header during Field Operation

MA Li'na'?  WEI Junyi' HUANG Xiaomao'® ZONG Wangyuan'’ ZHAN Guangchao'
(1. College of Engineering, Huazhong Agriculiural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs,
Wuhan 430070, China)

Abstract; During harvesting of rapeseed, the falling of siliques and seeds caused by colliding and
vibration of the harvester header accounts for about 50% of total harvesting loss (8% ~ 10% ). To
analyze the impact of vibration of header on the harvesting loss during field operation, an experimental
study was conducted on the 4LL —1.5Y crawler rape combine harvester. Through vibration tests, the key
vibration excitation sources were determined, which were the engine (27.53 Hz) and the cutter bar
(7.93 ~8.53 Hz). Then, the frequency range causing the falling of siliques and seeds was determined
using a Default Shaker hydraulic vibration system. The hydraulic shaker generated a frequency sweep
from 0 Hz to 40 Hz on the “ Huayouza 627 rapeseed stalks, and maximum falling occurred in the
frequency range of 5 ~ 10 Hz. Single-factor experiments were conducted between the vibration excitation
frequency and the falling of siliques and seeds. Results showed that when the frequency was 7 Hz, the
stalks had maximum falling of siliques and seeds under both horizontal and vertical fixations. The
maximum falling ratio was 3. 42% when the stalks were under horizontal fixation. It can be concluded
that the reciprocating cutter bar, whose excitation frequency was about 8.0 Hz, was the main vibration
source causing harvesting losses. The research result can provide some reference for the optimization
design of rapeseed and grain combine header cutter.

Key words: rapeseed combine harvester; header; vibration frequency; harvesting losses
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Fig.1 4LL-1.5Y crawler rape combine harvester whole

machine structure
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Tab.1 Main working parameters of 4LL —1.5Y crawler

rape combine harvester under field harvesting condition

12 42 B H#/ (remin ") PRIE R 5 K / Hz
KB 1 800 30.0
UEL T i % 2 148 2.5
ARG 30.4 0.5
RV AT 750 12.5
) 71 3K 3 4l 480 8.0
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Tab.2 Main equipment performance parameters

B 44 K 24 Bl
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T 1 J s ﬁ?j{%miﬁig/% <
A5 0 [,/ Hz 0.5 ~7000
SR/ (mes?) 0. 004
i 18 32
DH5902 Blh#s  SRAEH %5/ kHz 100(16 i)
155 RN H PG JE {8/ mV £20 000
KHE/ % <0.5
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Fig.3 Testing scene
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Tab.3 Root mean square value of acceleration

in different directions of each measuring point

m/s’
5 X Y Z
1 34.62 109. 77 47.21
2 25.98 66.93 32.41
3 26. 11 18.91 19. 82
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Tab.4 Frequency and amplitude of the first six orders of vibration at each measuring point
T 5 B % — ! - - — ! - - — z - -
i/ (mes™?) WARMIF/He  HRIE/(mes™?) WA AR/ He JRIE/ (m-s ™) AR AR/ Ha
1 4.603 7.93 5.062 42.87 4.961 27.50
2 1.972 3.43 4.553 49. 50 3.285 8.53
3 1. 159 25.43 4.127 55.17 2.713 4.00
: 4 0.938 36. 20 3.741 15.13 2.175 34.77
5 0. 894 45.33 3.741 7.93 2.006 47.00
6 0. 846 55.67 3.020 66. 60 1.615 69.74
1 3. 184 27.53 4.976 27.53 5.891 8.53
2 1.766 5.07 4. 629 7.93 2.812 4.17
3 1.612 8.20 4.120 4.17 1.552 27.53
2 4 1. 182 17.03 2.404 111.50 1.514 37.30
5 1.132 34.33 2.042 72.34 2. 006 47.00
6 0. 966 16.33 1.577 56. 67 1.033 65. 10
1 2.051 27.50 2.594 27.53 2.501 8.20
2 1.465 8.20 2.509 4.17 1. 840 27.37
3 0.959 16. 33 1.545 8.53 1.246 55.07
} 4 0. 888 38.57 1.082 54.87 1.182 2.50
5 0.720 54.87 0.926 25.93 0.971 37.77
6 0. 643 69. 74 0. 643 17.30 0. 840 21.47
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Tab.5 Main parameters of Default Shaker hydraulic

vibration table main parameters

ZH Hefe/ ek
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F KA F/ mm 100
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Fig.6 Hydraulic vibration test
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