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Simulation analysis and experiment of rice threshing drum
based on rigid flexible coupling

HOU Jie!, WANG Xiushan?, XIE Fangping™?", LIU Dawei*?, CHEN Zhigang*

(1.College of Mechanical and Electrical Engineering, Hunan Agricultural University, Changsha, Hunan 410128, China;
2.Hunan Key Laboratory of Intelligent Agricultural Machinery Equipment, Changsha, Hunan 410128, China)

Abstract: In order to reduce the grain crushing rate and improve the cleanliness in the process of rice harvesting, three
types of threshing elements, namely rod teeth, bow teeth, and cutter teeth, were designed based on the longitudinal axial
flow differential segmented threshing drum. By changing the contact state between the surface of the threshing element
and the grain during collision, six types of threshing rollers were obtained by rigid flexible coupling. Based on the
impulse momentum theorem, the collision process between grains was analyzed. Through simulation experiments, it
was found that the average normal force on grains was 28.4 N and 22.3 N, and the average tangential force on grains
was 14.43 N and 8.74 N, respectively, when the rigid rod teeth and the rigid flexible coupling rod teeth came into
contact with rice grains. Three-factor and three-level orthogonal test was carried out by taking the tooth shape of front
roller, the rotation speed of the front roller and the rotation speed difference between the front and rear rollers as
influencing factors, and the broken rate and undrained rate of rice as evaluation indexes. The test results show that the
rotation speed difference between the front and rear rollers and the tooth shape of the front roller have the greatest
influence on the broken rate and the un-threshing rate, respectively. The optimal combination obtained from the
experiment is that the tooth shape of the front roller is bow tooth, the rotation speed of the front roller is 600 r/min, and
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the rotation speed difference between the front and rear rollers is 100 r/min. Compared with rigid threshing components,

the average grain broken rate of rice can be reduced by 18.5%.

Keywords: rice threshing; differential speed roller; threshing component; rigid flexible coupling; broken rate;

un-threshing rate
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Fig.1 Structure diagram of 4LZ-4.0 typed combine harvester
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Fig.2 Structural diagram of differential segmented threshing roller
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Table 1 Main structural parameters of threshing drum
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Fig.3 Six types of threshing parts of threshing drum
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Fig.4 Simplified mechanics model of grain collision
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Table 2 Characteristic parameters of model materials

TR AL BTUIRER/MPa (kg m )
HRL 0.3 26 1350
ZEFF 0.4 10 100
RV 0.3 700 000 7 800
I 0.4 220 1110

3 AL EFF. BERE. RAEEHEEIERSH
Table 3 Interaction parameters of grains, stems, rubber

sleeves, and threshing drums

YEFT 4 MR R IR R RSB R
FPRL—FFRL 0.2 1.0 0.01
FR 25T 0.2 0.8 0.01
R E 0.3 0.5 0.01
FER- AR 0.5 0.6 0.01
ZEFF-ZEHF 0.2 0.9 0.01
EH BRI E 0.3 0.6 0.01
ZEFF-IBURLIR fA] 0.2 0.8 0.01
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Fig.5 Simulation of threshing process by rice threshing drum

i1k EDEM {5 USSR AE MR 25 v ik A 4
WA, PRBGZ R P RIAPERT S RN S AT 5 S AL
T Z 2N Bk Tk 28.4, 14.43 N, Y713y
{Hh 22.3.8.74 N, fiELR IR, SNIEFFAHALE,
IR AT U5 -5 A R 22 Mt 32 B g 2 1) F1 359 A7)
1] FIHME 53 BIRAAR 21.48% . 39.43%, UiMANIZEHES
FRATE—ERREE b AT DARRARIBORL G 5K R p R fih
BT, IR IRRE R . it Bl
F# Bonding V2 $&fil%iciE (F 6), 15205 B a]7E 1.00 s
AP AR AR A, R 2 AT A S RIS FF
Hir= AR Bonding V2 2 fil%ist 7071 38 763 A~Fil
36 975 4~;  2.00 s RIS Y% Bonding V2 $Efilk
43591 14 790 1 13 567 4, 11 A4S 2.00 s BRI
PEFF 15 VR 157 5 W S0 G A 145 VR 17 1 A ot a4 23 5
“h1 38.15%7F1 36.69%, ILAT AW R, XIEH
05 LA BRI 3 6 IR 1) 5% i LA e iR
O3 B8 JE B AL R 2 N R A PR BE 45 I 2. (i B
PR 2 PSRRI IR 2 P Bonding V2 #il
Hri AR BUHIR], R 2 RIS RYBRATXT
IKFE AL I AR MR g 22 B R, AT RE &+
JIBR AR VRS A7 2 3 Xof A Mt 4 238 %) 5 Wi i 2 MEAE — e 7R
JE L TR AR, AR O TR R
Bonding V2 # % A8 AL AR KSR

— WEATA

40 000 —— RS

35 000
< 30 000
i
25 000
20 000

15 000

Bonding V2 %

10 000

5 000

0 0.5 1.0 15 2.0
s i) /s

6 #:# Bonding V2 iEfiE
Fig.6 Quantity of spike Bonding V2 contact

4 EE R EER L

IS TEW A 2SI TR LERSE & k7.
JKAR SRRSO 11257, #KHE GB/T 5262—2008( 4
MEAUIRES A T VR — B ), IR KFekT
hi K% (18.9541.50)%  ZEFT /K% (63.371.70)% .,
PR (968463) mm ., FHK: (181430) mm, TFkiffi &
(27.2425) g. FAT I 1.5920.50,

BRAWCEIPLLA R 75, FP R 5 TR
Wk, AURIE 2 mx30 m X RESERUE, R
TFPRL, IR KRR, R T A e
Je AR ity v P AT S AR AL HE 2 1 HE
GHUE NIREGNYI Y S AT IR A R S8 TR LRV IFS



76 1 RE Al K220 (B SRR A7) http://xb.hunau.edu.cn 2024 4£ 2 A

Ve F 4 3FEFRIKFEXHEREE T
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HT 4L.72-4.0 iﬂ7k$éﬁ?é/a\4&%ﬂm , VAR ToRLC j9¥ %{E% ﬁ;?ﬁfé‘]ﬁfﬁ(B)/ T ()
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NS 1 AR 500 0
THS, 2 WAeS 550 50
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Table 5 Broken rate and un-threshing rate obtained by orthogonal test
BROEE PR BRRETHEIEA) mﬁ'fﬂfﬁ T?)(B)’ i e %fﬁfﬁ(c)’ BRI B
NI 1 FFA 500 0 0.125 0.057
2 T 550 50 0.187 0.041
3 FF 600 100 0.192 0.035
4 5 550 100 0.196 0.034
5 5 600 0 0.121 0.046
6 5 500 50 0.116 0.063
7 Tt 600 50 0.217 0.048
8 Tt 500 100 0.201 0.043
9 T 550 0 0.212 0.069
22534 ka1 0.168 0.147 0.153
ki 0.144 0.198 0.173
ki3 0.210 0.177 0.196
R 0.066 0.051 0.043
ka1 0.044 0.054 0.057
Kz 0.048 0.048 0.051
Kz 0.053 0.043 0.037
R, 0.009 0.011 0.020
NI & 1 Frik 500 0 0.101 0.068
2 FFo 550 50 0.151 0.053
3 FFo 600 100 0.154 0.054
4 5 550 100 0.157 0.053
5 5 600 0 0.107 0.055
6 5 500 50 0.093 0.069
7 TIt 600 50 0.169 0.060
8 It 500 100 0.154 0.058
9 It 550 0 0.161 0.071
22534 ka1 0.135 0.116 0.123
ki 0.119 0.156 0.138
ki3 0.161 0.143 0.155
R 0.042 0.040 0.032
ka1 0.058 0.065 0.065
Kz 0.059 0.059 0.061
ka3 0.063 0.056 0.055

R 0.005 0.009 0.010
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