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Whole Factor Analysis of Impact Damage of Soybean Seeds during Threshing

Based on Transient Structural
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Abstract: In order to study the damage mechanism of soybean seed threshing process, in this paper, the transient structural

analysis of the cycle of single particle stripping of the thawed pegs was carried out. Then, the three kinds of impact parameters

were analyzed by the mixed level total factor analysis. Finally, the theoretical model of the impact process was established, a-

nalysis of the results and theoretical model analysis. It was found that the maximum stress appeared in the seeds near the im-

pact site, and there was residual stress in the soybean seed after the impact process. The tooth shape and impact sectional area

had a significant effect on the maximum stress in the process. Compared with the straight tooth, the maximum stress is reduced

in the case of the arch tooth, and the maximum stress decreases with the increase of the impact sectional area.
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A. Soybean seed size; B. Three-dimensional model of soybean

seed.
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Size and 3D model of soybean seed
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A. Tooth size; B. Three-dimensional model of tooth.
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Fig.2 Size and 3D model of soybean seed tooth
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Table 1 Soybean seed and tooth material properties
Ykt W PR YR bEL/NEa
Material Density / (g-mm ) Elastic modulus/MPa Shear modulus/MPa Poisson’ s ratio
K& Soybean 1.226 294. 43 105. 15 0.4
£T 14 Tooth 7. 850 20000 7692. 3 0.3

20.00(mm)

A WS B b

A. Straight tooth impact; B:Arch tooth impact.

20.00(mm)
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Fig. 3 Meshing of soybean seed collision model
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A. Stress diagram of neutral surface of seed; B. Stress diagram of impact surface of seed.
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Fig. 4 Maximum momentstress diagram of equivalent stress of soybean seed
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Fig.5 The curve of stress of soybean seeds with the length
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Fig. 6 Stress versus time
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Fig. 7 Reaction force versus time
HI R SR 7~ P R N ) 2= (BT (18] 4a) AT A5, W )
Herh EE ALY T B, £ 16 O R 8 SR
(GNP SR P NIER L S R 4 T s PR G |
4b) AR, N FESNR I AR Z IR BRS04, K
SRR 1 D0 A% Ja) 23 N R R, 22 8 R R e i
158, ELK B A 2 1T B g 23 A e e ) DY ] D
N DT BT 2 Rk R A AR S A R Y
735345 , A path” T B 38 BOR SR 7 #ERI Y y
B Sy o3 A (S ) RGP RERL N y b J7 1o
J153 A R 53 e U, B RAB A 36. 924 MPa, 455t 5
P 4 R SRR TR B A4 10 3 A A — 2L
T o3 BT OR SR B I g B TE] R A, 4R H
Ry  7R B i 4 ] 301 197 77 i s [] 22 A i 2



466

K TR

33

(1 6) MR B Bt ] 22 AL 2 (B 7) o dnf&l 6
AL, AR R P, AT LA g 3 AR B, A
— BB, N E S R A 3, 7 R i e
AIRGAFAE . 5 A B, I3 (8 75— 2 98 B N IR
5, e R S AR XA B BL. 26 =B BL, 1
Zeyd—Bet [l i 9% 353 Je , B T AEL T 46 Dol , 7 il 48
LR, I 1 M 2O B A R, A BR AR N A AE
e 7 fros e —ABEE RN R EAP T 2 AR
Tl Lhor o 3 BB, S — B Be, KER I 55T
VA, i 32 A R 0 B I TR 9 3 i B m o 56 — 4>
BB, KRELRh 15 5115 S840 #2 ik, v 32 A% F R 0 7
—MEREINARG . 5 =B, REA T BT 2 A4
Sy g — BEwt [R5 Ja , JT 0N, B8R S A
TR B Ak, AT 0000 1 1 S AR T

T BE AR A B B R A, B S A R B RO
PR, PR I B I3 A 22 I 3 3 A A, 32 B R 2 o
T NERA G AR L TTAFAE o

3 AifESHRNEREFIXE

R FIRESKBERTESN

St — 25 A K SR Rl fR S e T AT A
RN 6 $u 3 Rk N R AR S U = N A i)
SR, LA RIS B A iR B s o, 6] Ly (2 x 1 +2
x3) IEALH, AT 3 INFRIR A /K2 N 1,
T HRIR R R 30 i RN L B 5 ), B R R
JE A JUART RS R R s ) 422 fih %o ) JEE 488 DR B
NEME. TR N FEAKENER 2 frs, 152
ANFEZAE TR E(R3) .

3.1

%2 HBEEMAE

Table 2 Experimental factors and levels

SEv/ S d gy il 488 [ AiapA
Factor level Tooth type Speed/(m-s~!) Sectional area/mm?

1 15 Straight tooth 12.0 0.614

2 5 Arch tooth 13.5 0.756

3 — 15.0 0.813

#3 HERABRER
Table 3 Simulation results
£ Ei=tan
=] Factor Index
Number g il 4 AT ;)
Tooth type Speed/(m-s~!) Sectional area/mm?> Stress/MPa

1 B 15 Straight tooth 12 0. 614 43.255
2 ¥ Straight tooth 12 0.756 36. 924
3 B Straight tooth 12 0.813 24.977
4 B Straight tooth 13.5 0. 614 47.954
5 15 Straight tooth 13.5 0. 756 38.211
6 B 15 Straight tooth 13.5 0.813 26.931
7 ¥ Straight tooth 15 0.614 53.978
8 B 15 Straight tooth 15 0. 756 38.611
9 B Straight tooth 15 0.813 26.973
10 21 Arch tooth 12 0.614 41.411
11 2 Arch tooth 12 0.756 29. 530
12 24 Arch tooth 12 0.813 23.720
13 54 Arch tooth 13.5 0.614 44. 462
14 2 Arch tooth 13.5 0. 756 30. 737
15 2 Arch tooth 13.5 0.813 24,242
16 24 Arch tooth 15 0.614 48.811
17 2 i Arch tooth 15 0. 756 31.130
18 5 Arch tooth 15 0.813 25.011

HI SPSS 22.0 Xf 4 K S 95 45 R ik 47 J7 22 57
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Table 4 Analysis of variance
R SEJ5 A 1 B ¥rE P P
Source Sum of squares df Mean square
15 Model 1461. 93 3 487.31 58.90 <0.0001
A — 155 Tooth type 83.46 1 83.46 10. 09 0. 0067
C - #m i FL Sectional area 1378. 46 2 689. 23 83.31 <0. 0001
PR Error 115.82 14 8.27
JEFT Sum 1577.75 17
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Fig. 8 The mechanical model of soybean

seed-to-tooth collision
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Fig. 9 Stress histograms at different speeds
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