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Analysis and Experiment on Kernel Loss of Seed Corn
during Peeling Based on DEM
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Abstract; Seed corn has much seed crushing and shedding losses during the peeling process, which
seriously affects seed corn’s yield and economic efficiency. Therefore, a combination of theoretical
analysis, discrete element simulation, and orthogonal tests was used to investigate the interaction between
the seed corn ears and the peeling mechanism. The optimal combination of peeling parameters was
determined to optimize the peeling process of seed corn. Firstly, a theoretical analysis of the force and
motion of the seed corn ear in the peeling mechanism was conducted to investigate the peeling
mechanism-seed corn interaction during the peeling process and identify the main factors affecting the
peeling performance. Secondly, a simulation model of seed corn ear-peeling mechanism interaction was
established based on DEM. The better working range of peeling roller speed, peeling roller inclination
angle, and pendulum swing were determined by analyzing the seed damage and shedding. Finally,
according to the Box — Behnken design method, a three-factor, three-level orthogonal test was designed.
The best combination of operating parameters for the seed corn peeling mechanism was screened by
ANOVA and response surface analysis as follows; peeling roller speed of 300 r/min, peeling roller
inclination angle of 10°, and pendulum swing amplitude of 5°, at which the bract stripping rate was
94.13% , the grain falling rate was 1.564% , and the grain crushing rate was 1.292% . The optimal
combination of operating parameters of the peeling mechanism obtained from the experiment significantly
improved the peeling effect of seed corn. The research results can provide a reference for the optimal
design of the seed corn peeling mechanism to enhance the peeling efficiency of seed corn and reduce the
grain crushing rate and the grain falling rate during the peeling operation.
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RESHAG .
3.2 ABSHEESER

R 05 FLU S0 45 5 0 A, 215 B R 8 A AT
R B ORI B SRR C Ry AR S L 43 ) O 250 ~
350 r/min 8° ~ 12°f1 3. 5° ~ 7. 5° ), S FH ) 5% J1 il
12 21 0 A X A, B T KRR Y B R AN, I
WIE AR I B R E KB AN 4 s, Design-Expert
RN S LI Rt 8 W5 W1 o R F VA ST S N o
A RN S BRI R B A ORFRL I 7 3 FIR
KE B RE R R 8 4 wl O 81.20% ~ 95.12% |
1.488% ~2.635% F11.23% ~2.15%

x4 RBWEFRKF

Tab.4 Experiment factors and levels

K S p 5 e T Bz B A AR TRAT AR IR
A/(remin~") B/(°) c/(°)
1 250 8 3.5
2 300 10 5.5
3 350 12 7.5
3.3 AESW

AR A 136 25 SRR AT 01U 4805 23 A, I k) B R
T5 22 W &5 RN 6 Fros , [l A ALY P =0.000 3,
VORI R 25 R AIE F RS 25 R AN B35 (P =
0.060 1 >0.05) , ik B 4L 56 45 A5 191 99 75 e 15 30 56 %K

x5 RBREBETEER
Tab.5 Experimental design and results
Sk BRIEER D
Fus fEg A kR

s =) A/ B/ c/
F JUt v e
(remin™")  (°) (*)

E VO VI V1)
1 250 10 7.5 81.79  2.132  1.762
2 300 10 5.5 94.65 1.565 1.293
3 300 10 5.5 92.88 1.556 1.286
4 350 10 7.5 87.03  2.468  2.025
5 300 12 7.5 82.31  2.095 1.732
6 300 10 5.5 95.12  1.624  1.342
7 300 8 3.5 92.54  2.078 1.890
8 250 8 5.5 81.20 1.974 1.635
9 300 10 5.5 93.89 1.488 1.230
10 350 12 5.5  88.89 1.988 1.632
11 300 10 5.5 9433  1.672 1.382
12 300 12 3.5 8513 1.845 1.500
13 250 12 5.5 8213  1.978 1.643
14 350 8 5.5 92.14  2.601 2.150
15 300 8 7.5  86.87 2.635 1.965
16 250 10 3.5 81.53 2.006 1.658
17 350 10 3.5 9295 2.450  2.040

x6 BMHIBERAEZHN
Tab.6 ANOVA of regression equation of bracts

stripping rate

g2 3 -5 1B F P
[ 439. 64 9 21. 81 0. 000 3 **
A 147.58 1 65. 89 <0.000 1 ***
B 25.53 1 11. 40 0.0180"
C 25.03 1 11.17 0.0124*
AB 4.37 1 1.95 0.205 2
AC 9.55 1 4.26 0.0178*
BC 2.03 1 0.91 0.3727
A2 84.72 1 37.83 0.000 5 ***
B 54.52 1 24.34 0.0017**
c? 62. 84 1 28. 06 0.001 1 *
Tk 22 15. 68 7

42 35 12.78 3 5.87 0. 060 1
PR 2.90

S 455.32 16

VE: % BRI (P <0.05) ;5 FRMEE (P <0.01) ; xx %
B (P <0.001), T,

P4 A R R AP, WA A B CAC A* (B* . C°
A RFVEZ W BRI AB F1 BC Jo W . 4
IS 8 3 g [ U ARy
Y, =94.17 +4.34 =1.79B - 1.77C - 1. 054B -
1.554C +0. 71BC — 4. 494” - 3. 60B” - 3. 86C”
(14)
X [T ARS8 MR AT S 06 T At S A R
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Fig. 8 Bracts stripping rate response surfaces

H1 3R 7 WAL, AFRLBE 7% 4 [l IH &AL P <0. 000 1,

Ul BRI B R F R IR A R AN W Ul

AT A it ) 8 2% (] DS AR AR 55 ST o ) OGR4 00 005 R R

Bio B A B .C . AB A* (B* [C* 4 B & M5,
BHIT AC \BC Jo i 24 52 o [m] A A A Ry

Y, =1.58 +0.184 0. 14B +0.085C - 0. 154B -
0.027AC -0.009 25BC +0. 364% +0. 19B* +0. 32C*
(16)

x7T HHBEERRFEHN
Tab.7 ANOVA of regression equation of grains

falling rate

7 22K 5 1 H B F p

F A 1.83 9 33.13 <0.000 1 ***
A 0.25 1 40. 96 0. 000 4 **
B 0.15 1 25.23 0.001 5"
c 0. 058 1 9.45 0.0179*
AB 0. 095 1 15.55 0. 0056 "
AC 0.0029 1 0.48 0.5126
BC 0. 000 3 1 0. 056 0.8200
A? 0.55 1 89. 64 <0.000 1"
B? 0.16 1 25.59 0.001 5 **
c? 0. 44 1 71.06 <0.0001***
T 0. 043 7

I 4T 0.023 3 1.56 0.3269
2 0. 020

eyl 1.87 16

X [T U1 5 2 S A A 38 AT A, 5 R KF R I Y
AL R 1 E T ABLCo IR T 2 3%
SR 4 (0] ST 30T, oL 7 3 B ] U AT Sy

y, =1.58 +0. 184 —0. 14B +0. 085C - 0. 154B +
0.364> +0. 198 +0.32C’ (17)
TEE Ob rfv R T 258 5 4 0 B 5 3 1 15 o
SN g YE R, B /ME HE BLFE 290 ~ 310 r/min i [F]
PR B o KT R 7 23 i ) B2 AR AR 1 185 RS N IS
R HE 9° ~ 11yt [ P4 35 B g5 /M 5 FFRL G 7% 26
FEAT 28 50 W 5 19 3 R S el /N I 4 KL E 4.5° ~ 6. 5°
I 1B N IR B B /ME
e 8 1T, 0 B2 AL 0 K RL B A 2% [ ) AR AR
P <0.000 1 45 M 55 2% 20 ; 2 3030 P =0.480 3 i
F R, Ul BB R B 23 [ A A A 5 S R s 1
MAEBRERE, BIHMA B CAB A B CHE
EPER I, [mHI AC (BC TG R ] ) LAY
H
Y,=1.31+0.144 -0. 14B +0.05C - 0. 134B -
0.034C +0.039BC +0.284% +0. 18B> +0.29C”
(18)
XoF [ A A Y 8 HRHE AT 4G 30 AT A 5 e R R B
RE RIS B R FERIUF N A B.Co H T 3% 5%
M () [ D T, R B A 24 174 [l I 455 70 Sy
y,=1.31 +0.144 -0. 14B +0.05C - 0. 134B +
0.284° +0. 18B* +0.29C° (19)
HY T 10 AT, BE 5 3 B R B S B 3G 0, R
1 3% 50 U /N 5 38 K, 7F 280 ~ 310 /min 5 [l P4 3k )
e/ IME o FFRL AR 23 B ) B AN 1 1S KSR N S
R AE 6.5° ~ToJE [ NIk B e /M . Bl E 1 FT 12
B R 48 O, R R BN R R e e I 4 R T 450 ~
6. 5 N 15 B e/ IME
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Tab.8 ANOVA of regression equation of grains e
¢ ! ¢ R 2 FLBR 19 T 28V 0 A B AU 2k, 25 43 i

crushing rate

B PR AR, X 2 A5 Ry 815 05 R AT AR

VE 33 Rl H B F
yA

[ 1.32 9 43.83 <0.000 1" o H AR A
A 0.17 1 49.29 0.000 2 *** maxY,
B 0.16 1 47.93 0.000 2 *** minY,
c 0.020 1 5.85 0.046 1*

minY,
AB 0. 069 1 20. 66 0.0027 * (20)
AC 0. 003 1 1.06 0.3880 250 r/min SA S?)SO r/min
BC 0. 006 1 1.84 0.2170 8°sB<12°
A2 0.33 1 97. 86 <0.000 1 *** 3.5°<(C<7.5°

2 0.14 40.50 . W . = g

’ 1 v o T KB B S M A S R L 45 0 < B
c? 0.34 1 102. 65 <0.000 1 *** s o . .
o o 02 - HREE R 300 x/min, IR HRAGUA R 10° $EFF 420 hy
o BT 0.010 5 1.00 0. 4803 59, R B A8 RFRL I T R ORF LA B 23 T 00 S
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Fig. 10  Grains crushing rate response surfaces
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Tab.9 Verification experiment results %
Hbr RIS T
1 2 3
g T 3 5 % 92.75 94.13 93.59 93. 49
KR 7% R 1.511 1.486 1.530 1.509
FORIRE R 1,345 1.378 1.307 1.343

B RE RI(E R 1. 343%

, AR AR (5 0.051 T



T2

X 5 BT RHOTIE IR T EOK ) B Bk R % 0 BT 5 i

37

Or e BRI AT R KW SR TR
4 #Hig

(1) WNFh R R B i AT IR T
T3 B i A v R B AL 5 T T OK B AR AR AL
HHE TR RN T R B B ERE N RN E
KMPEFS R B ALK B8 2540 2 B R B LA 1 A

(2) M AT & WOt (DEM) il £ K RS
S B AL AR EL A RS2, I T A A [/ T80 T Ol
SRREAE R B AL L A B O RRLE O o (5 AR 3R
W 7E—E LN, BEE TAE SO i oKk, RAR 32
T3 B S ¥4y R i 2 19 O, 2R B AR R e B Lo s Y

[F) - AR, 5 5 g R 3 fh ) WS A R R A5 45
L 7 AL B 2 B AIC o 5% e R 2 ol ) g R A A1 D
SEFF R 1 B0 T A 23 1 O 250 ~ 350 v/min
8° ~12°.3.5° ~7.5°,

(3) {#i i Box — Behnken Design J7 %11 T =&
R =K IE AL 5y, JF il i Design-Expert 2 {4 X}
T 25 SR HEAT 3 A, A W R TR 3 X (el 0 7 R AT
Z Bl B8 1 e Ut TAE S 800 ) Je 4 5 R
300 v/min, 3# KRBy 10°, 2 AT R S IR Ol 5,
3 4R 50 ik 32 00 T A5 8 R B P K (B Ry 93.49%
KL 7% RS Y 1. 509% , FF R0 1 R 4 N
1.343% , 5 340 00 45 55 5 B8 43 0 44 2R B A A AT
W05 HA e B AT R T SEE

Critical review of applications of discrete element method in agricultural

Transactions of the Chinese Society for Agricultural Machinery,2021,52(12) ;124 -

2 % X W

(1] BRARAHF, EEME, . E B RBORER 53 R RBEFE [T]. AL 24, 2012, 43(12) : 44 -50.

CHEN Zhi, HAO Fuping, WANG Fengde, et al. Development of technology and equipment of corn harvester in China[]J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(12) : 44 —=50. (in Chinese)

(2] Hhmug, BRI, RIEW, % 58T ADAMS B9 £ R M RRIAR B O LT R LR 4 ,2012,43 (5T 1) :106 ~ 111.
DU Yuefeng, MAO Enrong, SONG Zhenghe, et al. Simulation on corn plants in harvesting process based on ADAMS[J].
Transactions of the Chinese Society for Agricultural Machinery,2012,43 (Supp. 1) :106 — 111. (in Chinese)

(3] B R0, ARG FORPUMAL W AR B 3 SR 40 B [T ] A AL 241, 2019, 50(12) : 1 - 13.

CUI Tao, FAN Chenlong, ZHANG Dongxing, et al. Research progress of maize mechanized harvesting technology [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(12);: 1 —13. (in Chinese)

(4] REHE, B/ AR, 55 FORRBER 02 3 05 11 5 s gl R [T ] A0k TRE4R ,2015, 31(6) : 42 -48.

ZHU Zhongxiang, YUE Xiaowei, DU Yuefeng, et al. Dynamic simulation and high-speed photography experiment on corn-ear
peeling[ J]. Transactions of the CSAE, 2015, 31(6): 42 —-48. (in Chinese)
[5] YANG Fan, DU Yuefeng, FU Qiufeng, et al. Design and testing of seed maize ear peeling roller based on Hertz theory[]].
Biosystems Engineering, 2021, 202 165 - 178.
[6] Ahmwd, oA RIEW, 5. /N KRR LA R 5 R e B PR RE O L[ T ] RO LA 4 ,2012,43 (15 1) 1) :100 - 105.
DU Yuefeng, ZHU Zhongxiang, SONG Zhenghe, et al. Simulation of divider and snapping roll for small-scale corn harvester
[J]. Transactions of the Chinese Society for Agricultural Machinery,2012,43 (Supp. 1) :100 - 105. (in Chinese)
(7] #hmug ARBAE, BRR, . JET ADAMS 9 fr b L /N8 £ R BORBLOT B LT ] A ALK~ 4z , 2011 ,42 (B F 1) =1 - 5.
DU Yuefeng, ZHU Zhongxiang, MAO Enrong, et al. Simulation on small-scale corn harvester for hilly area based on ADAMS
[J]. Transactions of the Chinese Society for Agricultural Machinery,2011,42(Supp. 1) :1 =5. (in Chinese)
(8] W, il , 55 e, 4. BBoTETERO TR iy i BUIR FIR R [T]. f Ml HLA % i) ,2021,52(4) 1 -20.
ZENG Zhiwei, MA Xu, CAO Xiulong, et al.
engineering[ J ]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(4) :1 —=20. (in Chinese)
[9] Jrofil, Wik &, FARMAN A C, 4. JET SHEOCk e & L2 g7 i [ T]. Al WL 4ik ,2016,47(3) ;22 -28.
FANG Huimin, JI Changying, FARMAN A C,et al. Analysis of soil dynamic behavior during rotary tillage based on distinct
element method[ J]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(3) :22 —28. (in Chinese)
[10]  PNEEME XS a4, 55, 3 b Il 1 0 5 e B o 0 AR s WO 05 2 iobm i [T ] RO BLAR 2 42 ,2022,53 (1)
63 -73.
SUN Jingbin, LIU Qi, YANG Fuzeng, et al. Calibration of discrete element simulation parameters of sloping soil on loess
Plateau and its interaction with rotary tillage components[ J]. Transactions of the Chinese Society for Agricultural Machinery,
2022,53(1) :63 —=73. (in Chinese)

[LL] fafie g, k222 B0t A5 6 T B BOT IR 1 il 90 S R BELAZ 3% B vt 5 [T ] A HULR A% 41,2021 ,52(12) 124 - 133.
HE Xiaoning, ZHANG Xuejun, ZHAO Zhuang,et al. Design and test of resistance-reducing excavation device of cyperusedulis
based on discrete element method[ J].
133. (in Chinese)

[12] LIX, DUY, LIU L, et al. Research on the constitutive model of low-damage corn threshing based on DEM[ J]. Computers
and Electronics in Agriculture, 2022, 194 . 106722.

[13] YUY, FUH, YU J. DEM-based simulation of the corn threshing process[ J].

Advanced Powder Technology, 2015, 26(5) :



38

PSS A1 M | = O 14 20224

[14]

[15]

[18]

1400 - 1409.

BRI, ENR K AR 2%, AF . B K R R LA Bt SR (1] AR AL R, 2011, 42(3% T 1) < 14 - 20.

XU Liming, WANG Yingbiao, ZHANG Dongxing, et al. Design and experiment of corn universal husker mechanism[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(Supp.1): 14 —=20. (in Chinese)

WK 2 A T oK, 55 R SR AR LB A5 5 i (R 2R A3 AT [ T] . Aol AR %41 ,2016,32(22) :56 - 62.

GENG Aijun, YANG Jianning, ZHANG Ji, et al. Influence factor analysis of mechanical damage on corn ear picking[ J].
Transactions of the CSAE, 2016, 32(22) : 56 - 62. (in Chinese)

ZEEA, AN, B . BT ANSYS/LS — DYNA 194 J8 YT H S BA BROTAU LT ] Al B4k ,2007, 38(12) : 173 - 176.
LI Guohe, WANG Minjie, DUAN Chunzheng. Finite element simulation of the process of orthogonal metal cutting based on the
ANSYS/LS—DYNA[J]. Transactions of the Chinese Society for Agricultural Machinery, 2007, 38 (12) . 173 - 176. (in
Chinese)

BRI BUNME Ak 5. S5 T ANSYS/LS — DYNA [ I8UE T 48 + 3 ) il A5 BR T A4 [T ], gRolk T 8% 2+ 4z ,2013,29
(10) :34 -41.

XIA Junfang, HE Xiaowei, YU Yongsheng, et al. Finite element simulation of soil cutting with rotary knife roller based on
ANSYS/LS — DYNA software[ J]. Transactions of CSAE, 2013, 29(10) ;: 34 —41. (in Chinese)

Wi Le , BRI, BR2l, 5. St SRR e Ly Bt 5 [T ] Aol TR %40, 2015, 31(12) ; 239 - 245,

PAN Haibing, WANG Zhenya, CHEN Hong, et al. Design and experiment on dual rollers peeling machine for satsuma
mandarin[ J]. Transactions of the CSAE, 2015, 31(12): 239 —245. (in Chinese)

(L#EE 19 ®X)

[(13]

[14]

[15]

[17]

[18]

[19]

[20]

[22]

B, R, M, AR ASY -2 AL SR ML B S [ T]. R ALAR 4 ,2010,41(10) 76 - 79.

JIN Chengqian, WU Chongyou, JIN Mei, et al. Design and test of 4SY — 2 rape mower[ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2010, 41(10): 76 —=79. (in Chinese)

R, TV SCPR, RS A IS HI WALk A5 2k B U R R E AR 5 [T ] ROl TARE R ,2013,29(21) (11 - 18.

JIN Chenggian, YIN Wenqging, WU Chongyou. Development and test of rape mower finger conveyor chain conveyor[J].
Transactions of the CSAE, 2013, 29 (21): 11 —=18. (in Chinese)

BV BRE A5, ASY — L8 U RIS HI ML 2 BT S [ T]. A MU 24,2014 ,45( 1) :53 - 58.

LI Ping, LIAO Qingxi, LI Lei, et al. Design and test of main devices of 4SY — 1.8 improved rape windrower[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2014 ,45(1); 53 =58. (in Chinese)

KRR VLG, 22 (), A5 00R) G ok =X e B0 AL G i B & 2 M SR [0 ] R0l TR 27 4k ,2021,37(4) :59 - 68.

GUAN Zhuohuai, JIANG Tao, LI Haitong, et al. Analysis and test of laying quality of inclined conveying rape mower[ J ]
Transactions of the CSAE, 2021, 37(4): 59 -68. (in Chinese)

I, A A K BB 4 JE T ANSYS — ADAMS {9 37 3% 1 S5 B0 W HL B A6 00 HBLE [ ] 4l T2 A L 2020,
36(14) .96 - 105.

LI Haitong, WU Chongyou, MU Senlin, et al. Formation mechanism of laying angle of vertical rape mower based on ANSYS —
ADAMS[J]. Transactions of the CSAE, 2020,36(14) : 96 —105. (in Chinese)

SVRHE, TSP, REEAK . 4SY — 2 RIS HI AL TR BCAAR R SR R R AT [ T]. ol TAR 24 ,2012,28(2) 145 - 48.
JIN Chengqgian, YIN Wenqing, WU Chongyou. Mathematical model and influencing factors analysis of laying quality of 4SY —
2 rape mower[ J]. Transactions of the CSAE, 2012, 28(2) : 45 —48. (in Chinese)

B B TR, S S WAL S A OB S 0 SRR R S BT 5 S B ISR S [T ] N R A S TR R R,
2016,24(1) :197 -209.

LI Ping, LIAO Qingxi, SHU Caixia, et al. Fault cause analysis and parameter matching research on stalk laying quality of rape
mower[ J]. Journal of Applied Basic and Engineering Sciences, 2016, 24(1): 197 —209. (in Chinese)

PR SE, AR IO WML B BT [T ] ROl ML= 4, 1983 ,14(2) 166 —73.

LIN Jingyao, ZHENG Wenhua. Study on laying quality of windrower[ J]. Transactions of the Chinese Society for Agricultural
Machinery, 1983,14(2): 66 —73. (in Chinese)

W BRI, 21,45 ASY — 2.9 B3 3T HLHL S IR 3 437 B et [ 7] Al TR 2241 ,2017,33(9) :53 - 60.
JIANG Yajun, LIAO Yitao, QIN Chuan, et al. Vibration analysis and improvement of 4SY —2.9 rape windrower frame[ J].
Transactions of the CSAE, 2017,33(9) :53 —=60. (in Chinese)

EPREE A A ASY — 1.8 B FE RSB M MU LR IR R i 43 A7 [T ] A rh gl K 24441 ,2015,34(6) 119 - 124
SHU Caixia, LI Lei, YAN Lei, et al. Analysis of frame vibration characteristics of 4SY — 1. 8 self-propelled rape mower[ J].
Journal of Huazhong Agricultural University, 2015, 34(6): 119 - 124. (in Chinese)



