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Design and experiment of rigid-flexible coupling rod tooth
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Abstract: [Objective] In response to the problem of high moisture content of seed and straw, high bonding

force between seed and rice spike at the first harvest season of ratooning rice, there will lead to large amount of

i HER:2022-05-22 W48 E & RTiE): 2022-06-20 16:49:06

4R & % ik https:/kns.cnki.net/kems/detail/44.1110.8.20220619.2301.002.html

BB 0, 3R, HEd, TEAFREE MM AR R LLA R, E-mail: shanzeng@scau.edu.cn; @E4F4:
Mk, SBRERIF, W, £2NFRLIKE LR G R, E-mail: huanongchb@scau.edu.cn

EEUIH % IR R 255 A5 B (NT2021009)


mailto:shanzeng@scau.edu.cn
mailto:huanongchb@scau.edu.cn
http://dx.doi.org/10.7671/j.issn.1001-411X.202205048

62

Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

broken seeds when harvested by harvesters with traditional rigid rod-tooth threshing device, a rigid-flexible
coupled rod-tooth threshing drum based on the axial flow threshing drum was designed. [Method] The EDEM
discrete element simulation software was used to simulate the threshing process, and the average normal striking
force and tangential kneading force of three different rod teeth (rigid, flexible, and rigid-flexible coupling) on
seeds were obtained through post-processing. Using entrapment loss, breakage rate and unclean rate as the
evaluation indexes, the orthogonal bench validation tests were carried out with different drum speed as single
factor, and three factors (drum speed, seed moisture content, and rod teeth type) and three levels. [Result] The
EDEM simulation results showed that the average normal striking force and tangential kneading force of the
three types of rod teeth on seeds were the largest for the rigid rod teeth and the smallest for the flexible rod teeth
at the drum speeds of 650, 750 and 850 r/min, respectively. The results of single-factor test showed that the
broken rate of seeds threshed by the rigid rod tooth threshing device was significantly higher than those of the
flexible rod tooth and the rigid-flexible coupling threshing devices. The broken rates of the flexible rod tooth,
rigid rod tooth and rigid-flexible coupling rod tooth were very high at 900 r/min, with the broken rates of
1.632%, 1.925% and 2.564%, respectively. The unthawed rate and the entrained loss rate of the flexible rod
tooth threshing device were significantly higher than those of the rigid rod tooth and the rigid-flexible coupling
threshing devices. The unthreshing rates of the flexible rod tooth, rigid rod tooth and rigid-flexible coupling rod
tooth were very low at 900 r/min, with the unthreshing rates of 0.286%, 0.071% and 0.240%, respectively. The
entrainment loss rate of the flexible rod tooth, rigid rod tooth and rigid-flexible coupling rod tooth were very low
at 850 r/min, with the entrainment loss rates of 1.595%, 0.729% and 1.341%, respectively. The results of
orthogonal test showed that the order of factor affecting seed entrainment loss and broken rate was rod tooth
type > drum speed > seed moisture content, and the order of factor affecting the uncleaned rate was rod tooth
type > seed moisture content > drum speed. [ Conclusion] Under the same conditions, the rigid-flexible
coupling threshing device can reduce the rice breaking rate while ensuring the seed removal rate. The results can

provide a reference for design and application of threshing device of harvester for ratooning rice.

Key words: Ratoon rice; Harvester; Threshing device; Rigid-flexible coupling; Rod tooth; EDEM simulation
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Tablel Threshing device and grain mechanical
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i H
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Item . .
ratio  Shear modulus Density
FFHE Grain 0.30 26 1300
FEAEFT Short straw 0.40 10 100
& IE Polyurethane 0.28 0.028 1072
Jii 42 B Threshing device  0.30 70000 7800
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Table 2 Contact coefficients in EDEM

Pefb) W ZH H BRI R A RENBEE R
Contact substances Restitution coefficient Static friction coefficient Rolling friction coefficient
FPRI—FF KL Grain-grain 0.20 1.00 0.01
¥R~ 45 FF Grain- short straw 0.20 0.80 0.01
ARk % B Grain-threshing device 0.50 0.58 0.01
FEAEFF—4EF5FT Short straw - short straw 0.20 0.90 0.01
S AERT—RI3E B Short straw- threshing device 0.20 0.80 0.01
FFRi—2E % 5 Grain- polyurethane 0.40 0.50 0.01
FFEF -2 &g Short straw- polyurethane 0.35 0.40 0.01
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Table 3 Factors and levels of orthogonal test
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Level
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e R R IR R R 4 Fron. HE 4 TLLE
H, TEARF THLA& T, KRG R R B K & 4 2k 2
R 2.312%, B KBEHEERN 2.564%, 5 KA i i 2R
9 0.615% 3 FiATFIALEAS R 3L 3 T, ey 4id 2k A0
AR T8 4 2 218 2 o VR 5 2 o 9 K T ik 1, o 1 2R B
5 VR AT Bt T v 38 K s PR A 4 e A A K R A
%, VE 4853 AE 850 r/min 2 54 L TH#a%, NI
PEAT VT IRL (1 I 5 453 2% 26 0.729% 2 PEAT VG Al
PR AR, TR A #EAE 850 r/min I A BLRE R N
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Table 4 Single factor test results of threshing device performance %,
N . J&a5 151 9 Z Entrainment loss rate W HEZ Breakage rate A% 2 Unclean rate
R HEH/(r-min ™)
Drum speed IAﬂIJATi‘ iﬁ %%% EIJ.‘H? iri %%é I.ﬂﬂ.‘fi. ifi %%é\
Rigidity Flexible Coupling  Rigidity Flexible Coupling Rigidity Flexible Coupling
650 1.097 2312 1.261 1.741 1.026 1.165 0.169 0.351 0.379
700 1.164 2.113 1.368 1.864 1.107 1.198 0.157 0.543 0.402
750 1.315 1.908 1.634 1.955 1.149 1.214 0.149 0.615 0.435
800 1.172 1.732 1.606 2.143 1.156 1.568 0.133 0.434 0.349
850 0.729 1.595 1.341 2.189 1.571 1.621 0.101 0.335 0.273
900 0.933 1.012 1.453 2.564 1.632 1.925 0.071 0.286 0.240
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1.571%; VR HEHAE 900 r/min I, WIPE. e F0HE &
FF 15 R A JIE 45 2R 351 ARAEG, 4303029 0.07 1% 0.286%-
0.240%, NIPEAT UG A i 5 2 i ik

IERZ ARG S5 R (3R 5) R, sem ey ik %
(1 = R R AR AR 2 > TR TGl > PR B KR,
S AR AR 26 1) A2 IR R 3 O AF UG R 28 > TR A 4 T >
R 7K, S A L1528 1 32 IR R 2OAT B A2 >
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GRS HERL I 19 R I RORA — RO, A RL S KR
R g R . 45 G R ER IR A5 R T LA
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Table 5 Orthogonal test result and range analysis of threshing device performance %,
X . [X 25 7K~F- Factor level FEP5R Index
Rt R ey ™ 3
No.of test BT KPR K E Frik PSS TR ENREES
Drum speed (A) Grain moisture content (B) Rod tooth (C)  Entrainment loss rate Breakage rate  Unclean rate
1 1 1 1 1.370 1.658 0.315
2 1 2 3 1.970 0.786 0.462
3 1 3 2 1.850 0.972 0.577
4 2 1 3 1.860 0.876 0.434
5 2 2 2 1.170 1.275 0.374
6 2 3 1 0.910 2.132 0.249
7 3 1 2 0.980 1.161 0.312
8 3 2 1 0.160 2.564 0.097
9 3 3 3 1.530 1.324 0.563
F847 Index [ & Factor K K> ¢} K K> K3 R
P b S A 5.190 3.940 2.670 1.730 1.310 0.890 0.840
Entrainment loss rate B 4.210 3.300 4.290 1.400 1.100 1.430 0.330
C 2.440 4.000 5.360 0.810 1.330 1.790 0.980
TR A 3.416 4.283 5.049 1.138 1.428 1.683 0.545
Breakage rate B 5.370 4.625 4.428 1.074 1.542 1.476 0.468
C 6.354 3.390 2.986 2.118 1.130 0.995 1.123
ENRELES A 1.354 1.173 0.972 0.451 0.391 0.324 0.127
Unclean rate B 1.061 0.933 1.356 0.354 0.311 0.452 0.141
C 0.661 1.263 1.459 0.220 0.421 0.486 0.286
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