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Design and Experiment on Wear Resistance of Paddy Field Pulping Machine
Blade Inspired by Rib — Groove Structure of Scapharca broughtonii

WANG Huan' LIANG Yulong' WANG Bobin' ZHANG Tianyi' LU Ying' CONG Qian'
CAO Yiwen' GAO Jiping® XU Yan' WU Liyan'
(1. College of Engineering, Shenyang Agricultural University, Shenyang 110866, China
2. Agronomy College, Shenyang Agricultural University, Shenyang 110866, China)

Abstract; When paddy field pulping machine blades operate in a muddy environment, they are subjected
to friction, impact, and erosion by soil particles, which easily lead to severe wear and a short service
life. The microstructures on the shell surface of intertidal Scapharca broughtonii—possessing excellent
wear resistance—were selected as the bionic prototype to carry out design and experimental research on

3

the bionic wear resistance of pulping machine blades. The “rib — groove” structural features of the
Scapharca broughtonii shell surface were investigated by using a 3D microscope, and the surface flow
field and particle movement trajectories were analyzed to reveal the wear resistance mechanism. Based on
the discrete element method (EDEM) , a “blade — soil” interaction model was established to analyze the
influence of “rib — groove” structural parameter variations on normal and tangential contact energy. The
Box — Behnken response surface method (RSM) was adopted for multi-objective parameter optimization of
groove depth, groove width, and rib width. The simulation results showed that when the groove depth was
0.27 mm, the groove width was 0. 68 mm, and the rib width was 0. 18 mm, the normal cumulative
contact energy (1.406 J) and tangential cumulative contact energy (0.85 J) of the bionic blade were
minimized. Bionic blades were prepared based on the optimized parameters, and field comparative tests
were conducted. The results indicated that the wear mass and wear rate of the optimized bionic blade

were 2. 048 g and 0. 383% , respectively. Compared with conventional smooth blades, the wear rate was
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reduced by 65.53% . The research result can provide a theoretical basis for the wear resistance research

of soil-contacting components in paddy field machinery.

Key words: blade wear resistance; paddy field pulping machine; Scapharca broughtonii; rib — groove

structure; EDEM simulation
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Fig. 1 “Rib — groove” structure on shell surface

of Scapharca broughtonii
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Tab.1 Material performance parameters
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e H— e I i E 45 R A 0.114
Yo 3K~V 3 2l 5 TR 4 0.1
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JB )2 - RG24 TR R 0.6
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Tab.3 Factors coding mm
i ? -
1] 28 32 [Tl 56 B TR 5 B
-1 0.10 0.50 0. 10
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Tab.4 Test scheme and results

Mz i Rt

P T e RO e :; ;ETZ
BEX, EX, WEAX, Y, /]
1 -1 -1 0 3.235 2.998
2 1 -1 0 2.523 2.312
3 -1 1 0 2.512 2.345
4 1 1 0 1. 841 1. 586
5 -1 0 -1 4. 866 3.703
6 1 0 -1 4.175 3.281
7 -1 0 1 3.786 2.832
8 1 0 1 2.303 0.996
9 0 -1 -1 4.387 3.803
10 0 1 -1 4.023 3.751
11 0 -1 1 3.354 2.531
12 0 1 1 1.947 1.214
13 0 0 0 1.985 1. 825
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17 0 0 0 1.749 1.318
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Tab.5 Analysis of variance for cumulative contact energy regression model
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Fig.7 Response surfaces for effect of experimental factor interaction on accumulated normal contact energy
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Fig.8 Response surfaces of tangential accumulated contact energy affected by interaction of experimental factors
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Tab.6 Experimental design mm
HZ i Al % [Tl 5 B2 O W 5
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6 0.20 0.70 0.10
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9 0.30 0.70 0.15
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Tab.7 Comparison of wear amount and wear rate of

&

beating tool samples before and after the experiment

FE i Wy/g W,/g W/g &/ %
it 1 535.592 532. 617 2.975 0. 555
A 2 536. 466 533. 428 3.038 0. 566
54 3 539.215 537.013 2.202 0. 408
it 4 535. 488 532.631 2.857 0.534
P55 536. 077 533. 896 2.181 0. 407
Pk 6 538. 404 535. 749 2.655 0. 493
it 7 532.295 529. 998 2.297 0.432
i 8 534.277 532.229 2.048 0.383
79 536. 866 534.311 2.555 0.476
e 1 536.312 530. 439 5.873 1. 095
e 2 536. 541 530.578 5.963 1111
JeH 3 536. 453 530.414 6.039 1. 126
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Tab.8 Results of range analysis

EES

MR, WEE R
mm mm JiF/mm ’

1 0.10 0.50 0.10 0.555
2 0.10 0. 60 0.15 0. 566
3 0.10 0.70 0.20 0. 408
4 0.20 0.50 0.15 0.534
5 0.20 0. 60 0.20 0. 407
6 0.20 0.70 0.10 0. 493
7 0.30 0.50 0.20 0.432
8 0.30 0. 60 0.10 0.383
9 0.30 0.70 0.15 0.476
K, 1. 530 1.521 1.431
K, 1.434 1.356 1.576
K, 1.291 1.377 1.247
ky 0.510 0.507 0.477
k, 0.478 0.452 0.525
ks 0.430 0.459 0.416
RJ 0. 080 0. 055 0. 109
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