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Design and Experiment of Self-propelled Seed Corn Combine Harvester

ZHAO Yiming DAI Fei SHI Ruijie CHEN Junzhi XIN Shanglong ZHAO Wuyun ZHANG Fengwei
(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract; Aiming at the field corn harvester harvesting seed corn is prone to the phenomenon of injury to
ears and seeds, debris blockage, etc., a large-scale seed corn combine harvester for the biological
characteristics of seed corn in the suitable harvest period was designed. The machine adopted small row
spacing to row flexible plate picking cutting platform and replaceable combined peeling device, to ensure
low-loss picking, conveying, peeling operation and reduce seed loss and damage, which was equipped
with steel rubber-covered curved picking plate on the upper part of the cutting platform, “rubber + steel”
clamping conveyor chain and six-pronged low-speed pulling rollers, and the replaceable combined peeling
device adopted flexible peeling + rubbing + speed reduction. The main factors affecting the machine
indexes were extracted by screening through the Plackett — Burman experimental design, and the Box —
Behnken experimental design principle was applied, taking the forward speed of the machine, the
rotational speed of the stem pulling roller and the rotational speed of the peeling roller as the experimental
factors, and taking the total loss rate and the impurity rate as the experimental indexes, the machine was
examined through the field test, and the best operating parameters of the machine were optimized. The
test results showed that the total loss rate of cob was 1. 61% and the impurity rate was 0. 55% when the
optimized machine forward speed was 4. 87 km/h, the stem pulling roller speed was 877.27 r/min and
the peeling roller speed was 442. 52 r/min. It was verified in the field test; when the forward speed of the
harvester was 4. 9 km/h, the rotational speed of the stalk pulling roller was 880 r/min, and the rotational
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speed of the peeling roller was 450 r/min, the total loss rate of the cob was 1.64% , and the rate of

impurity was 0. 57% , which met the requirements of the mechanized joint harvesting of corn for seed

production, and it can be used as a reference for the design and test of the joint harvesting machine for

corn for seed production.

Key words: seed corn; combine harvester; self-propelled; low-loss flexible picking
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Fig.2 Seed corn and comparison with field corn
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Fig.4 Schematic of transmission system of seed
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ARAARN R IR AT 55 A & X H R EE R
3o R R B (1) NJEFREBL () MR
HeZBe (M), HARM BRI E] 14 R, 15 e Fh i
TSR BEEC T B0 T 10 e i B i 1% 2 DR e e B, e e
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BN Ge b7 A /INMIRY | BERSRE Al B, SE AR 1
AR BRIk ARk BN R IR B, B B
SREAH 1) e 3t L FEE S 5 1) b BRI, 7 ) B B A £k
Jr i b PhEESZ B B SR B AR A T A AR AR
S TR 1] T 5 2y, SRS B 52 )L ) BE 4 T 5 i £
BEHRRIERIE ) 77 18] b, il T PR BRI SR AN ]
Tl RS2 )R B AR 0 B9 AN TR) T3 4, 1 S 1) Bz A vl
el , et S AR A EE 1 R TR S A Y
BEBET Tt RO E BRI T o R B 4 F R L s
K Foe e R B, R 5 R 3 4[] IR 2
oy A HE S, R BRI 180G S8 vk ASEREAS , ke T
SR Tk e AR ol S R S st O, ISR
% PRUE SR ATIBCRE 1 A4 [7) I A F R 53 45 A0, HLOS T
IR &5 7K Rl A B BT R BE R Rk A9 4
I % 2y w5 ol AT L By 1k 3% 2 IR Bl RE 1) ) AR

() i AR E (b) ) Bz

B 14 B R 1A
Fig. 14 Schematics of corn peeling principle
L EARRBECEGEM) 2.8 3 BEFR 4. ERFFECR
Rt 5 AEREHE 6 kR AR 7. RaUER S

R 4R B R i R A E SR R
MR IR R B 2 | RFeR s K
SHEMURF AL B 75 5 0, R R ORGSR R AR K BN
800 ~1 150 mm , 25 JE il B FOK RFE/N, R ZEH K
(AT AR 2 ATCIBCAE I 30 A S v ) i R B 2
1100 mm,, #| R 4R E AR 0 5 2R 5 R EeR ) £
FTERD PR AR AR RO, W2 IO B
BEARE/INFH i SRR R ol R Je HLEE 2 B
2 7 VBT ) B2l 30 B R LA AN TR AU 1A%
PR it AR T R0 HR, N 3 R RS MR
R 60 ~80 mm , % JE N Hil P TR ELARE /N, i
R K HE AR R 68 mm, 3] 7 R R 5 M 4 2R R
IR )43 SN S TR AL /1T N |
Pt a /Iy | el i SE IR 5 A 7 R ORGR e
TR 450 v/ min , 15 R XTSRS oK ZE A0
TR LT

B Oy A Rk (R AR SRR
I Bz SR fk A S DR PEE 482 | AT 2 oy %) g 24 5 1) %1
R TAERSCRDY ) ka4 a5 (7 &
% HAR R AR oA PRIE T ek SR 7E % 30
1 AR P ARSI R A RS AR R IR SR ARG

F R SR ST 8 3 1, ARHRRIFR 1000 mm , Hil )5
PIHER SR 15, A ) -5 50 ) B SRR KO TR
IR 2 SRR HE eSS B oA, PR UE T 47
HaR TR FPRE, M [ 4205 134 mm, 523
45 v/min , iZ5E T RE S b G M AR ELIE B e 4R
FECH BT RSN

4 HMHEHLE

4.1 REFHRTMNIER
4.1.1 I

il o KR LA PE BE 5 T 2023 4F 9 H
18 H e H i 48 sk 48T o ) DX 5 28 5 el 25 3 Fn H e
AT AN X I AT, W TR PR
100 m B A R i dn R R BUREAR L 1 FF FF
REK A, g E oK R 1R 4 AT FPE AL
FAE AP P REE 505, EEMRIRS IR 2 PR,
I HE 200 m, 58 50 m, AR 1 hm? | i F4H | £
SER VORI BT AR st R rp s R X 1K
B DX R 73 R e D s IX AR 421X 3 AN X, 4
DXACTE R 15 m, PE XA JE D 20 m, 4572 XK JE
15 m, £ i DR

F2 PHRE S5 HFEXRERIERSE
Tab.2 Plant trait parameters of CKJ 505 seed corn

28 Bl
Pk /mm 1560
FTHE/mm 689
KR/ mm 142
EFF AR x 1 x )/ (mm xmm xmm) ~ 21.41 x22.06 x 17. 13
KRS K/ % 25.5
M EKE % 59.2
PR B (JOAL I R ) /mm 160
SR LA AR EAR (K9 ) /mm 49.7
F P AR AR (K9 ) /mm 46. 66
IR 8
I S5 T 2/ mm 690

4.1.2 TFMIERR

G B GB/T 21962—2020 ( K Wi 3k L
) Y KA EBER AT, S5 A IR IR, IR
RN JG 2R B RBA KT 3%, T RFEAKRT
1.0% . HrhigHkPRifik 3 S, SRER R S, &
PR S, R G AN

S, =m;/m, x100%
S, =my/m, x100%
S,=S,+5,
Gy=m,/m, x100%
KL m,—IF MR &, g

(12)



5

A 2 [ U R ORISR LB S 1A% 129

m,— PRI TR g

iy —— AR 1 4 R RL T i,

—

m, —— SR TR TR g

TEMK P LRI S AN FBL 1 m? e tE it
R X B0, 4 BB AT S5 SROP R, e
S DK IS P P e 2 5 MR R o et
B /T 50 mm BIRERLRE FR R R If 32
ST HRERAR R 7 i K MRS o g W
I M SRR T P R R o 5
SRR 3¢ A 5 D AT PR A, B SRR o 1
YUk 5 BIRR U T B e T B
SRR, I I Ml P R RS BRI A 15
B

15 HLEL IR P RS bR
Fig. 15 Field performance index test of machines and tools

4.2 REWFITELERSH
4.2.1 B H%E

H FE ()50 T A5, BRI A ol 3 e g SR
PR & 423 91 B % R E R BOR LR
GEWIE S LG RSN L S A €7 ) W N I I
ARG 2R E 2 R e B 5 R 2w W
WorHE, M E SR FEUEE G EE GBS
£ AR E) Bk AR B Ak i 5 R e
B e B S R R AR R R R RIBR Rk AR
G Rk A Y AR 2 A SRR E AR
h 46. 66 mm , FEAL 5 A 690 mm, 25 FE AL H AR N
22. 06 mm , HeHR—SOME A b, SO 8 & 5 B iR
A S T R R ) Bz A R] B A Sk AL, 0 ) 3k N
200,28 .1 mm,, Ay B Y 4 A AR R A7 SR 1 65 0
AV EE 18°, WEFE W%, R B R4 o 5 JE i 45
FEHAL I 0. 2 IBCR BT

L5 LRI R EUNT I R R SRR kR B
SRR | S 7 SR S 6 i e PR ARG IR
4.2.2 Plackett — Burman {56

b TR B AL RN AR R B R
H Plackett — Burman {30 /7%, LB R Y, 5&
FRY, W NAE , DARTHE R PR Tk R B
SRR S R R AR A e IR R R 45 A
% PRI 2 B4 FE TR0 0 (AN SOk I (i 2073 i

FELEBCAED, Wik 5 A PR A7 0 1o, a8 A1 3R 4 ) L

K3 AT EMGERWFK A4, A B.C.D.E N
T

% 3 Plackett — Burman iX 38 F & 4743
Tab.3 Plackett — Burman test factor and coding

% Sty
-1 1
FHEHE/ (km-h ™) 4 6
2R E/ (romin =) 800 1 000
ARG/ (mes™") 1 3
FI RS/ (remin ") 400 500
JEAR 4% 9 BE/mm 25 35

X4 Plackett —Burman XA ES5LER
Tab.4 Plackett — Burman test protocol and results
SES
g gk PrEEER OREE KR EIRG

=1 Y\/% Yy %

B R LEE R S

A B c D E
1 1 -1 1 1 1 2,28 0.85
21 1 1 -1 -1 274 1.05
3 -1 1 1 -1 1 2,18 1.03
4 -1 1 1 1 -1 224 127
5 -1 -1 1 -1 1 2,03 0.83
6 1 -1 1 1 -1 230 0.88
7 -1 -1 -1 1 -1 200 0.8
8 1 1 -1 -1 -1 263 1.04
mn o -1 1 -1 1 1 2,13 1.18
15 1 -1 -1 -1 1 234 0.65
16 1 1 -1 1 1 2,59 1.18
17 -1 -1 -1 -1 -1 201 0.82

RAEZ 4 1Y Plackett — Burman 2560 45 5 ) X} 2
PR Y RIS AR Y, AT A BAL i PR o B, 245
Flnze s Mk 6 P, 132 w8

Y, =2.29 +0.1914 +0. 129B +0. 006C -
0.033D -0.031E
Y,=0.71+0.134 +0. 028B +0. 043C +

0.041D +0. 016E

(13)

M 5.6 A AL iR P <0.01 \R* =0.971 5,

F ] TGN AEAY b 2 | U BT RL BT U5 1 1A

5 SLBREBAST &, BRI RN R A ~ £ X B

KA E R TLRE  113R 5 A JIRTHEEE A

PLZERRIL R B X e R 3 5 3R 6 Al s

ZEERFL T B RN AR LR D X 4R g b T

IRFEL AT C SEEASRE E XA RESE

AR T BRI, ORI 2R B35 J 25

P2 BE RN GTRR A B A D R < BT R RE A P 2R
B 553 e SR D AR R 7 TR R R



130 Ak

IR VO

2024 4F

K5 BREREFESN
Tab.5 Total loss rate significance analysis of

Plackett — Burman test results

R IR HmE BRI R/ % F P
Bl 0.6617 5 0.1323 40.97  0.0001*
A 0.4370 1 0.4370 64.48 135.27 <0.0001*
B 0.2002 1 0.2002 29.54 61.97 0.0002*
C 0.0004 1 0.0004 0.06 0.1264 0.7344
D 0.0127 1 00127 1.87  3.92  0.0949
E 0.0114 1 0.0114 1.68 3.53 0.1093
2% 0.0194 6  0.0032

B 0.6811 11

R? 0.9715 R, 0. 886 2
Ry 0.9478 Adeq Precision 17.8371

.« BRBPE(P<0.05); # FAaMBE(P<0.01), FAl,

&6 SREFENSW
Tab.6 Impurity rate significance analysis of

Plackett — Burman test results

KU CFE HEE BHITA AR/ % F P
R 0.3573 5 0.0715 28.78  0.0004 **
A 0.0096 1 0.0096 2.59 3.8 0. 096 4
B 0.2883 1 0.2883 77.41 116.09 <0.0001 *
C 0.0027 1 0.0027 0.72 1.09  0.3373
D 0.0533 1 0.0533 14.32 21.48 0.0036"
E 0.0033 1 0.0033 0.89 1.34  0.2907
%% 0.0149 6 0.0025
B 0.3722 11
R? 0. 960 0 R, 0.8399
Ry 0.926 6 Adeq Precision 15.986 9
4.2.3 WA p AR BT

NAE TP E RIS R b TR e
0, TS PR R R TORAB R, PEH 3 SRR
VRV BCR 0 TAE S B A B A A 2R B
FIRARFH D, W H gt 47 3 IR 3 KPP IERRIA K,
IR R G 7 Frs

x7 RBEERRD

Tab.7 Horizontal coding of test factors

kS
iy Tk LS H B AR
(km+h~") (remin~") (remin~")
) 4 800 400
0 5 900 450
1 6 1 000 500
4.2.4 Z5R5Hr
8 N = HE —IKFIESCIR GRS
Xf SR R AT #U\@Bﬁﬁ%ﬁ‘*ﬁ 29,

IFLLBR AR Y, W A, F 5 — R Il 5 5

x8 mEuEMAURERITSER

Tab.8 Response surface optimization test and results

RN S BRIEE

Frs A B D Y, /% Y,/ %
1 0 1 -1 1.82 0. 66
2 1 1 3.02 0.97
3 0 0 1.69 0.59
4 -1 0 -1 2.04 0.72
5 -1 0 1 1.98 0.81
6 1 0 -1 2.91 0.63
7 0 0 0 1.68 0.59
8 0 0 0 1. 69 0.57
9 0 0 0 1. 68 0. 54
10 -1 -1 0 1.94 0. 69
11 0 0 0 1.69 0.55
12 -1 1 0 2.05 0.92
13 0 -1 1 1.79 0.78
14 0 1 1 1.83 1.23
15 1 0 1 3.07 0.92
16 1 -1 0 2.97 0.71
17 0 -1 -1 1.75 0.85

x9 MERMARERBFTESN
Tab.9 Analysis of variance for the total ear

loss rate model

HeUR FF HHE F P
PR 0.57 9 0.0633  53.7  <0.0001*
1.96 1 0.1013  85.86 <0.0001**
0.009 1 1 0.0231  19.6  0.0031**
0.002 8 1 0.0015  1.28 0.294 7
AB 0. 0009 1 0.0121 10.26  0.015*
AD 0.0121 1 0.0256 21.71  0.0023**
BD 0. 000 2 1 0.0012  1.04 0. 342
A2 2.4 1 0.3019 255.96 <0.0001*
B? 0.0119 1 0.0271  22.99  0.002*
D? 0.014 3 1 0.0466  39.55  0.0004**
i 0.008 3 7 0.001 2
KA 0.004 3 0.0013  1.24 0. 406
42 0.0043 4 0.001 1

J=¥ i 0.5782 16

Y, =1.69 +0. 4954 +0. 034B +0. 019D —
0.0154B +0. 055AD —0. 008 BD +
0.7564% +0. 053B> +0. 058D (14)
HER 9 AT IZ AR Y 22 S il B 25 (P < 0.001)
e RECR M 0.985 7, Ut A R & 804, BRI
FOMHAL AR IR 25 R . R IUTIA 1 2 (P =0. 406 >
0.05) , Ui IR Y 45 22 /N, I IE TR E R B R, M
0. 967 4, Ut B 7Y Fit A G 1 R g 188 B AR &7, 7T LA
FH AR PR AT RS S AT
29 [ %0,4 B AD A* B> D* %} Bk RE
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Fig. 16  Total loss rate response surfaces

] 16a AT, 47 2R A i — o B Bl o ik
HREE AYBGIN, B R RS B S e BT
PLE T B 18, P S TE M AR BT i T,
IEATRRIE A, HAMREAR T v (B B AN B ) i i 1
535, YardEE IS E e A E SRR £ b
SRR — I R JC Ik A R A, ST A R R
YRR — B, B LR AR A, SRk
AT SRR 1S 5 1 A DR R R 2R R ARG
F AR T 32 A A AR 104 7 5 e R R A A () 199 ) AH 22
AR, SHBEAT IS, B2 SIS 5E, M
SRR I I AR A 5 P AR A 4 ) 0k K 3 BT
R, AH e B L HAEHMER T, 24wk
FER 4.4 ~5.3 km/h FZEH L3 A 850 ~ 950 1r/min
B, SRR RN,

AD Wi )57 B T AN 16b BT | Bl S R 4 4%
OF) | WSS RS in AYR = N = E E 73
THEZEAEH WS T, 150 Y R e 8
4 440 ~ 480 r/min Hi#EHETE 4.5 ~5.5 km/h B,
SRR,

X5 2RI T R B A R T, ULk 10, DA

AR Y, N NAR, N IR T R TR N
Y, =0.568 +0.0114 +0.094B +0. 11D +
0. 008AB +0. 05AD +0. 16BD +
0.0724% +0. 182B* +0. 13D* (15)

x10 MEBESRREFTESN

Tab.10 Analysis of varance for the ear impurity

rate model

P33 A BHME U7 F p
(el 0.5366 9 0.0596 38.62 <0.0001*
A 0. 001 1 0.001 0.6559  0.4447

0.0703 1 0.0703  45.55  0.0003*
D 0.096 8 1 0.0968  62.71 <0.0001*
AB 0. 0002 1 0.0002 0.1458  0.7139
AD 0.01 1 0.01 6.48  0.0384"
BD 0.1024 1 0.1024 66.34 <0.0001*
A2 0.022 1 0. 022 14.24  0.007*
B 0.1399 1 0.1399  90.6 <0.0001*
D? 0.0709 1 0.0709  45.92  0.0003*
bk 0.0108 7 0.001 5
RPI0.008 7 3 0.0029  5.59 0.064 8
47z 0.002 1 4 0.000 5

12 10 AT, %A 22 S 4 4 3 (P < 0.001)
PERE R RPN 0.980 3, AT P > 0. 05, 28 53 R 4L
N 5.25% FEIEDRGE AL R, M 0.954 9, I AT 45
BEHITRZE 8N | HAR S R P AR AR LT, BEAS IEH)
RLTNE R 54 M EE KR, KB D BD A”,
B D’ SRR i 2 (P <0.01) , 4R
M 17 f v AN ] 17 BT

Il 17a W0, B T SR R BE In,  Je 2
SEREARGE R A He AT E R BRI, BE S R R
HREG TR, AR BTG B a3 M aiit
HREE R I P Ao 5 ) R SR TS TEAROG WA
PSR RS R RN (R B 2 1) ) 58 AR T B
X & = F 22 HAE AN O T, 2 i o R R
4.3 ~5.9 km/h |l HEFE MR 420 ~ 460 r/min [,

BD Wi 7 M AN 17b B | 24P 25 4R RS
RRHS, 5 23 i 7 ) Bz R ol 1 14 R 2 S RIS T
1o P R A My SRR S R I, R AR B 2
BRI EAA GG H; ) B J G ol — e Iy 2R R i 2
JeREAR G kS A s o s AR I i
T, YR ZEAR Ly 850 ~ 980 r/min | ¢ L4 3 Ky
450 ~475 v/min B} | & 32 RESK
4.3 SHEMRKL

HRAJE [T 5 B AR | LSRR & 4R i NNy
Ak BAR , 2450 I H AR Ly
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Fig. 17 Impurity rate response surfaces

min(Yl ,Yz)
-1<A<l1
(16)
s.t.y —-1<B=<l1
-1=sD=<l1

PLALIE AT A5 : AT 4. 87 km/h =541
L9 877,27 o/ min | B4 BN 442,52 1/min
SR AN 1. 61% ARz 0.55%

4.4 WIFAR

ST AR E R BORALLL B 2 Kl T
2023 4F 10 H 7 H 7RSI T 56 ZEBHEA T 1 () 35 ik
5 GRB AR AFI] 4. 147 AKIE LRSS B S HE
TENHTHEZEE N 4.9 k/h S 2L 4y 880 v/ min |

PIZEARFH 450 o/ min, TEBLAAF T H#EAT 3 OFAT
RIS, 25 Rk 11 s, i3], PR R RN
1.64% SFHEEGZRN 0.57% , 5 I S35 R
H1.61% FREEZHR N 0.55% , £ % 5% T
DAL TIESE T T R 0 (=2 [0 1 R A A DG

F11 WIERWER

Tab.11 Verification test result %
ZH X 4 IR {E FEME HRREEK
1 1.48
PEXi7E S Il 1.81 1. 64 <3
m 1.63
1 0. 68
RHE AR Il 0.51 0.57 <0.6
m 0.53
5 g

(1) EF B F KRR TAE IS 25 5 7= A 45 7k
TEKT 25 Ty ¥ S8 B, BT T — b R A b R Kk
B WAL, FirR AN 8 U 2 AR U R E
H 5 b5 A 9 I RSSO SRR, < AR + N
JoT 7 Je Rt % 55 5 /MR AR S B PR AR LR S
J5 Beas T 4t 21 G 3 R 2 R d ik SRR RN R e
B, B AT S AT SR, i e K T/ES
B, PRIE T AR SR ik SR

(2) XD E AW T 5 30 B ke T
VERI AR S IR BT 404, B8 T 52 i SR AR S8R
(ARG M PR 28 . 0 TR PR AR L T R R AR
A 38 ) 1o TR AT T 45 PR R ATLEL Al 14 BB A
M) , 75 HH R 2K 2 14 PR 2 5l el R B/ MR U i E
TR R R S ) B R R 5 B AR ) R 2 )
FH R B/ IR YR Ay ) Bz 45 e i P 25 R 5 1| T o R
& RHSERIHEAT LA I 1A T H (R) B0 AIE , 45 1) 24 03k
PUETHEEEEE A 4.9 km/h F7ZE 51 5% 18 880 1/min , ]
SR AL fy 450 v/min B, RFELEII IR N 1. 64%
AN 0.57% L TAE A, 2 i Fh £ Kk
AL RAEZLR |

Z % x #t
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