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Design and Experiment of Seed Corn Peeling Mechanism
Based on TRIZ Theory

LIU Lei"? LIU Lihan'? DU Yuefeng'? MAO Enrong'?> ZHANG Yan’an'® YANG Fan'’
(1. College of Engineering, China Agricultural University, Beijing 100083, China
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Abstract; Compared with field corn, seed corn peeling operation has higher agronomic requirements on
the bracts peeling rate, grains crushing rate, and grains falling rate. Because of the lack of efficient and
low-loss peeling means for seed corn ear, TRIZ theory combined with explicit dynamics simulation and
high-speed camera technology was used to study the design method of seed corn peeling mechanism.
Firstly, based on TRIZ theory, the critical structural design of the seed corn peeling mechanism was
solved, and the detailed design of the peeling mechanism was completed. Secondly, LS — DYNA was
used to simulate the explicit dynamics of the peeling system-seed corn ears. The movement process and
stress of seed corn ears were analyzed, which verified the rationality of the peeling mechanism design. In
addition, a high-speed camera test-bed was set up. Through the frame-by-frame analysis of a high-speed
camera in the peeling process of seed corn and compared with the simulation results, the maximum error
of speed under three working conditions was 0. 035 m/s, 0. 066 m/s and 0. 095 m/s, respectively, which
verified the rationality of the sectional design of peeling roller. Finally, the seed corn peeling experiment
was carried out by selecting the net rate of bract leaf peeling, the rate of grain breaking and the rate of
falling grains as performance indexes. Under three working conditions, the test results met the
performance index requirements of the seed corn peeling mechanism.
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Fig. 1 Innovative design process of TRIZ theory
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Fig.2 “Object — field” model analysis of seed corn

peeling system
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Tab.4 Productive valuable invention principle analysis and application

e B HAARER X IO 3 £ HATF B
¥ B/ S 1K 1 B P EACRE A Y RS B S R E ORI R, o R I B T EACR N ER K EEY
35 REAE . B E R SR BRI EAR KRS RSB S A R B R D 20T, B B
1t BT 1 T E R IR BCEOR LD e

27 % LR e WY D B3 B, ARG LR TR 4R 5
filR R TT 58 o R Bz B A P 3R AT i IR A 4G
32 45 1 BE A DR TE T K SRR 7 3 B o A vl B )
) oA, B 1k R A RN SE HE B BL G, R AIE oK
F R e 2 2 R, SRR R B ad A D g
S T AR IR T R B L R T S i ik g 4
A Be B ¥ BB O 4 Beay kAT it 75 Ak
W () .

e FR AR T AL SOE XN 18] 4a B w2 4R T B
FELUR T 2 R IR IR 58, JF LB IR B U i — 2%
25O PRAETE R B T 46 2 78 vh 5 K SRR Il B

HRNTT IR, w5 1 B AESCR FR IR RO 1 2
2R IR BEAR SR , 1 55 5K B R X B KA - ) 0 P fE

AR B AR B0CR T 2 2R R 5 1 45 44, 9 1
T I 1) (Y e R, S BLAE SR K B Ak B B R
L5 SRR AR T AR B TR o A v (] O EE R ) . AR IV
B AE SR I ON 1) SR SOR 8 dbE 0 X 2 B A s 119
BT AR A [N AR R R B R R AR AR
T AL ST XU & 4b Fros ARG 4R 1T BEAESUR IR EE
BN BRE SR AR 2L, 3 R TT h 3R Bz I 1 19 32 B
BHL A7, DRIE R B i A7 R O T g o AR A2 4R 1T B
FEBCAE 374 [ Ji] BE SR T B 52 K 1 22 2 MRe AR 5%



59 1)

X & 4 BT TRIZ BAS R 7 £ R H B AL BT 5% 135

L TE 174 [ i B oRe PSR B 050 i 1) MR 2 12 , L b A
SO IE TR AL AR 1T Bt R 43 & R I i A
FIE o ARAR I IV B AE S0 1R F IR B 4R 1 2 46
BRI AR SRR , 7 B 2% B B DR TR 6 K PR i 5 ) [R] )
SCREE B W3 A BRARAICR

(b) A 4R
P4 ) e R R AL LOE X
Fig.4 Surface pattern of peeling roller
LR TB 2. mi4R B 3. @fidR B 4. @ fidR IV B
SAGfIR T B 6. MRfi4R B 7 RA4R M Br 8. (R(I4R IV E:

12 3 Al R, o 3R B AR R I e ), FL A - 4
WO e F R B (A B M R R, 5
BOEKFFRLIERE L7 5 B0B A4 ) RE % R E 0 SR B Y
hts 77, BEARRF AL R 1 3 T R0 % i o AR IR 7
1B, MR & O B AR 55 R AR I A A TE DRIE
I Bz 4R B[R] I 24 3R A1 B 458 DR B, A A b 1~ oK
REETER) B AT — 52 W) L, PR AE SR B R %l
SRS R G 6 AR R T B I I 8 IBCAY SR R K
e AL AR AR AL AR 1 L B, AR 5 20 e O 5 R AR AR
JREHR | 7 PR UE ¥ B2 B8 55 b 7 3 oK A ik ) R 5 ) 2 6%
F8 T R, 3 B %o D' e oK SR R B0 405 , T 5 45 BUAE
et iR Rl T 3 K By PR R BOH B TR . A
RAARALER A I IV B, b RHEH & 19 308 AR R AR e
i, SEHL R R KR B EOR B L BR R R 0F U, R
PR 5 ) g R 3 Al T 5 BBORF L A, 47 5 & BT L B 40
(ZEHED)

ZiaRAVAL M T EORRBERKE HRY
ANTFOR T K, g A - K R B e i i B S R
KT R F K AL G833 B R B AR A A5 S B &5
P RUSE T kW 2 R 7 R A SR B K AR A T
RN TR OK R B W B S 5, xR B R AT OC
ZER RO, AT A R W R B 35 (W B/ RS
AL ) o AR 1 & S RO AT AT a4 BT R
KA B UK L1 32 ) A e o R
AR B L py 2 T il S fros . S
f JLA] O 2 nl 4%

(N, +N,)cosB=(P, +P,)sinB=u(N, +N,)sing

s ERREZIREHR
Fig.5 Corn-ear force analysis
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Fig.6 Structure of swing bar
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Fig.7  Structure of inclination adjustment shelf
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Tab.8 Parameters of structure and assembly

relationship
S B8 B {H/ mm
- AR H AR 71.0
B AR R 1450.0
— o AE 6 il £ KO- 1) B 67.8
o IR 4R i 4 1 B 22 27.0

7 FUBL R 540 1 B B2 80k 9 s, 4
S RN T OK R RS R R T N i SHELL 56, Ik
T A T R R 1 DU TR A O Ak 0 2% B4 HE AT 19 A%
W53 A B BROCEE R . SR )5 xR BRI 3 LE A B
i 2 1) 20 e %, % FOK SR ABEIN AR 9 B ) RFEAT
2 JE WA Bh

x99 MHRSH

Tab.9 Material parameter

BEARSH
R ke WrEBE/MPa TR
H 1 5 pE e 1500 801 0. 499
E5 1] b 1 1301.1 82.7 0.359
KO 2R 2% I3[R Pk 600 500 0.0539
BT NI 7 830 3 x10° 0.3

2.2 fERBARE

T 5 R B R A R B AR ABTAR AR AT 435 3 R
S P b MRS TR 2R g A Sk [ 19 - 21 ],
I Bz i 10 e A 5 ) B LA B R ) S
SEEVIAOC , ¥ B R FL # AE 300 ~ 400 r/min i, 4L
) e 3R B 85% L b, ) K BRI P Y R ok 4 Oy
300 ~ 400 r/min; ¥ Sz 5 A5 A 19 98 15 B O S50~



138 £~k

1R S ¢

2022 4

10°; #4521 i 58 HE AR 77 28 5 2247 Z B L 6 &,
TEA W5 % 3 I R E F TAE RO AT T, 7] i 3 2 21 B2
BOCR B R IR E RN R S o 300, BT 3 R
WA EITEINE 10 iR,

£10 3MIRHERBHE

Tab.10 Three working conditions of simulation

experiment
(R H AR E/ (romin ") H R/ ()
1 300 5.0
2 350 7.5
3 400 10.0
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Fig.9 Ear parameter — time curves of seed corn
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Fig. 10  Stress of ear on peeling roller
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Fig.12 High-speed camera experiment bench
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Skinning high-speed camera pictures under working
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Tab.11 Comparison of actual and simulated average speeds m/s
. T 1 T2 TH 3
Pt i HLAE W 1% 2 (RSN W E 1R 2% 7 A8 W {E 1R 22
I 0.264 0.232 -0.032 0.277 0.225 -0.052 0.307 0. 267 —-0.040
| 0.434 0.414 -0.020 0. 458 0.392 -0. 066 0. 607 0.512 -0.095
1 0. 481 0.516 0.035 0. 564 0.586 0.022 0.739 0. 683 -0.056
v 0.476 0.507 0.031 0.611 0.643 0.032 0.785 0.813 0.028
S 0. 420 0.437 0.017 0. 480 0. 457 -0.023 0. 602 0. 547 -0.055

PURE , 872 A M SRR Ry VR RLR R, FF R R
R, KI5 b5 o FERD T TR LA IT e b7 &
K B, 78 3 Fh T 00 F #2047 3 HE AR, il

WA RN 12 Fron . 3 Bk 00T B s 56 45 2R X 1
R RS B BEOR B E TR T R R B AL
TR R P S B

12 MFERFRABER

Tab.12 Results of seed corn peeling experiment %

. L1 2 L3
?15‘ RI RZ R3 Rl RZ RS Rl R’l R3

1 90. 235 1.972 1.638 94. 890 2.489 1.435 88.981 1.988 1.632

2 89. 583 2. 156 1. 497 93.235 1. 608 2.387 90. 532 1. 837 1. 621

3 87.108 2.289 1.785 93.178 1. 365 1. 944 91. 811 1. 850 1. 493

S 88.975 2.139 1. 640 93.768 1. 821 1.729 90. 441 1.892 1.528
4 WHAE 3 Bl 00T, R OK R B 26z 3 3 73 5 4

ZAT

(1) 3T TRIZ BIg HE 7 Fh 7 B K F R 5
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&, M FH Bl 2 G 8 B i S O W DB T O,
TR B R G R IR A BT T RS IR 58
BT R KR B MR B AR A T

(2) FH LS — DYNA #ES7 1 Bl 7 £ K S -4
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JIE ) ot £ 0 — ek [ty £ R A R - ) it 2L A
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W4 3.03.3.21 4. 23 rad/s,
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IR 22 45 R 0. 035 ,0. 066 .0. 095 m/s, ¥ iiF T 3
B Ay Be v i A B . 7E 3 Fh AL T R )
HrR R, VERLR R, FIUFFRLBE WE R R, NG 56 38 A%, IF
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