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Design and Experiment of Green Onion Combine Harvester

2

Wang Fangyan'”  Liu Zunchao' Zhang Dekang' Qiu Zhuchuan' Jiang Runtian'

(1. College of Mechanical and Elecirical Engineering, Qingdao Agricultural University, Qingdao 266109, China
2. Shandong Provincial Key Laboratory of Smart Agricultural Equipment for Facility Horticulture, Qingdao 266109, China)

Abstract; Aiming to address the problems of easy clogging and high damage rate during the digging
process of green onion harvesting, a harvesting scheme integrating digging, soil shaking, clamping and
conveying processes and its working principle were determined, and a combined green onion harvester
adapted to the ridge cultivation mode of green onions was designed. The machine adopted a digging
device combining rotary tillage blades and a digging shovel ; the rotary tillage blades cut and threw soil to
remove most of the excess soil from green onion ridges, which can effectively reduce the digging
resistance of the digging shovel during operation. An eccentric soil shaking mechanism was employed to
effectively solve the soil accumulation problem, and a torsion mechanism was designed to facilitate the
subsequent laying of green onions. Based on theoretical analysis and simulation tests, the structures and
parameters of key devices such as the digging, soil shaking, clamping and conveying devices were
determined. Taking damage rate, impurity rate and loss rate as the test indexes, and the rotational speed
of the eccentric wheel, the amplitude of the soil shaking grid and the inclination angle of the clamping
belt as the test factors, a three-factor and three-level orthogonal test was designed to optimize the
parameters and obtain the optimal parameter combination, which was then verified by field tests. The test
results showed that when the rotational speed of the eccentric wheel was 295 r/min, the amplitude of the
soil shaking grid was 28 mm and the inclination angle of the clamping belt was 38°, the damage rate,
impurity rate and loss rate of the self-propelled combined green onion harvester reached 1.41% , 3. 02%
and 0.44% , respectively, which met the requirements of low-damage mechanized harvesting of green
onions.

Key words: green onion; combine harvester; orthogonal experiment; parameter optimization; field trial
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Fig. 1 Schematic of green onion combined harvester
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Tab.1 Main parameters of green onion combined

harvester

e Bt/ B
L7 & A ER
AMER S (K x 58 x )/ (mm x mm x mm) 4 000 x 1 600 x2 100
i P (S kW 25.74
iy A (S IMAL) / (remin =) 2500
ATE s/ (km-h~1) 0.4~0.8
WRATEL 1
WERAT I/ mm 750 ~ 800
2R/ mm 0 ~300
24 9 B2/ mm 300
HLE BT/ kg 950
JEHE P8/ mm 180
JE T HG L/ mm 770

2 XEIMELEEIRT

2.1 EZEmEELEE
2.1.1 248D S5

TERE T AL T2 H0 5 A0, =2 258 ok 24 28 i ]
IR DI A, AT R IRBE S5 RAZE
FERPMCER 2514 85 S AN T0 R AR TERE ) 4H 4544
BERF T 20 57 o] HA — 8 B9 ARHA B AT s b
TIEX A 80 . A2 IEH S5 AN Rl 2 Fos
2.1.2 JERHITHSE

2B R 250 ~ 300 mm, B 58 HEHE T F 14
4% 1, 4 200 mm , J] AR 1, R 100 mm, T] RS54
SRE M L AR KR RO, BLERE ) 25
Yo o SEMPIEIE ), IE VI S 242 r, P 3
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Fig.2 Digging mechanism
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fik TR, SN BEL 77 5 71 5 /0N D 2 ol 42 4l 47 47 1 A2
K SRS . WO IR RE SR y
o7 ifl 2

y<90° - ¢ (2)
L 255 BIEREEM, (°)

45 5 45 4 B B PR B tané B 0. 4, 0B R A
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Fig.3 Eccentric wheel earth-shaking device
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Fig.4 Clamping mechanism
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Fig.5 Torsion mechanism
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Fig.6  Schematic of torsion length of clamp band
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FEBETT, By il R A5, 2 BRI AT X R 24
J12AR IR A5 R P R AR S A A TR | 45 bR

MPa

I

036381 27.037
4.1228 24.033
3.6074 21.027
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2.5767 15.020
20614 = 12.016
1.5460 9.0122
1.0307 6.0081
0.51535 3.0041
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Tab.2 Physical properties of scallions

S8 BfE
AP EAA/mm 25. 68
AR/ em 41.5
BT K E/em 100. 1
PR/ g 220. 56
KAIARA L 0.30
KL/ (kgem ) 800
KA G YR L/ MPa 0.90
AR 1) P-4 B HE R/ MPa 0.33
FARAR 1) X BT R SR/ MPa 0.17

FIFH ANSYS B, Wi m KAz 7, ik
VEF T 1 Je R R T 18 N,

K S HEARRIAK | 30 S ) 53 5 1T A%
K143, WAR RST R 10 mm A BE590 0 — %%, X458
I RS 580N 205 020, BT BUE A 105 204,
XK 25 L AT 2R, U R Bl AR Rl
112 v/ min , f5 B AL = B 5800 1 = B LA &
RN AR I W T FR

0.0044638
0.0039678
0.0034718
0.0029759
0.0024799
0.0019839
0.0014879
0.00099195
0.00049598
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0 250 500

nm

mm
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Fig.7  Contour plots of equivalent displacement, stress, and strain

HI 7 a0 A s R RS 290 4. 64 mm | By
KR FI 20 27. 04 MPa 5 KR AE K24 0. 004, K2
RN Z A 0. 24 mm F KR F129°4 0. 15 MPa it
KBFAEZA)H1.97 x 1077,

105 BT AT AR A R Al O 7 el
XFRZ RSN T R A S PR, HKZH
BRI P= A AT /N T BT SRR B B KA 1, W
HAE S B R B ARG 0 254
3 HiENRE
3.1 R

A SCHR 25 ] AT 0, i O 6 e ol A AR iR s 2
el ML IS SRS RISR SR 1) B R 24
g U e it R A DR , 5 3 AL 2 3R IR |, e 4k
I, KA 8 Y a2 i, B s 5 Hok 2]
—EMM R, K HBORAU R, S8 &R L
Tho Y3 A IR R 2 K, R A R A B g i 4 7

R REGE 5y 2= LR B 5 T S8 AT ki
i/ R ORI, R A i R
i, 22 PEORAUIAF i 1M, HAG e i i AU
T B8 e R AR B4 AT BEAE: 5 4 e 5 0 A i /N
JAF T e BRI R 1 A RERE KRB I , 5y 3 K
BICFFAAAT . PRI, e 57 A7 J3E e 52 i W R %
RIHEZNEK,

S E R MR L TAE S B, BRAE RO fit
B 25 BRI, LIS R 5 A R i e R AR
W S5 L, X O R 2 o MR W B e A kA7
W SO T A, e A [ 147 ) i A i o 1 )
B, 22 171 A2 v R 3 308 e B 8 AN [ )
R BIHIR 0 ; e it 58 I i i e sl e o
R ST I S i 1 4 ) e R R A A
SR =R =K R A1 TR A 36 5 S0 S 4
Ui R NBUR R 3 AN HRAGTSHAS
e,



200 B A1 R = 4

2026 4F

KRR K i ane 3 prn, I, KAMWOR
U R O BHRTE Jekpirimim = HRAET
HEAT FRISGRAE Y, PRS- KR 10 m 2k 1 ANaU6 50
PAFTISIR LA T 17 ik, a8 T 2024 4F 10 H7E
e M T 2000 FH A T, e R AN 8 BT
#£3 REEEHD

Tab.3 Experimental factors and codes

ES
Yty i Lo Fe e/ PEAIR I/ JeFpA i/
(rmin~') mm ()
-1 240 25 32
0 270 30 35
1 300 35 38

K8 s

Fig.8 Experimental process

A3 A 5 % A R AR R R AT R
PR 2 T i S 05 (AR I B B i ) TR, T
AR Y, RN

Y= 100% (17)
T w
K ow, AR PN -V i
W——A TR NIRRT i, kg

AR B 223500 52 o 7 X 6 X 35 N 28 /2000 2 3
AMEMATRE IR A DA T AR P R AR BT
WS E A (FERRE A R ) B, T A
Y, Ay

WZ
Y, = x100% (18)
Xp W,—— AT R N R R AR 250 LA 4% i o
i kg

DA TR N R 2R BT i 5 4k (I K L Je R
k) B TR R v, e
n:%xloo% (19)
L w,— TN R KA+ kg
3.2 ARERSHW
3.2.1 iR
A Box — Benhnken 8056 BRI 7T =K ] =K

SRR IE A I, 186 T 5 S RV AE ANk 4 F
XX X R R A

x4 RBEARRER

Tab.4 Experimental scheme and results

[ kS BOR SR PR

X, X, X, Y% Y% Y%
1 -1 0 1 1.44  6.66  0.57
2 -1 -1 0 1.95 9.36  0.42
3 0 0 0 .51  3.78  0.39
4 0 0 0 148 4.32  0.40
5 0 0 0 1.57  4.68  0.41
6 1 0 -1 205 342 0.36
7 0 1 1 1.64 432 0.58
8 0 -1 -1 214 663 0.35
9 0 0 151 432 042
10 1 1 1.54 2,70 0.57
11 1 -1 0 1.64  3.78  0.43
12 0 0 0 1.45 432 0.4l
13 0 -1 1 1.32 558 0.54
14 0 1 -1 217 414 036
15 1 1 2,11 1.98 0.4
16 -1 1 0 .83 5.04  0.42
17 -1 0 -1 214 612 0.57

3.2.2  [RlEAER N EE AT
HRAER 4 FiX 58 2dl , I Design-Expert #17
Z IR 50T, TR Y, EHAR Y, R
YR DR X, MERRIE X, e s X,
3 ™ A 14 e 0 T [R] DS AR | Ok AT S 3
(L TR S N VAN CI = sy 55 1 S
Y, =1.5-0.002 5X, +0. 087 5X, —0. 32X, +
0. 145X, X, +0. 047 5X, X, +0. 072 5X, X, +
0.176 7X; +0.201 7X; +0. 111 8X;  (20)
Y, =4.28 —1.91X, —1.23X, -0. 131 2X, +
0.63X,X, -0.315X,X, +0. 307 5X,X, +
0.156 7X% +0.599 2X2 +0.2843X>  (21)
Y, =0.406 —0.001 3X, —0. 005X, +
0.091 3X, +0.002 5X, X, +0X, X, —
0.017 5X,X, +0. 012X} +0.009 5X; +
0.037X> (22)
M S ATAL 05R Y, (SAR Y, PR R v
AU P <0. 01, 32 B [l 45 AU A (g 385 2 013
P >0.05, £HEHFBRIUAE R, STFHRGE Y,
XX X X, X X X XS XS SRR 3 (P <
0.01),X, X, 54Mi BE(P<0.05); % THERY,,
X, X, i 2% (P <0.01),X, X, X; 50 i 3%
(P<0.05) ;X FHILR Y, X, X3 itk & (P <
0.01) , HAHA W,
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Tab.5 Analysis of variance

o FIr A

Bow om o 7 g
A 1.39 9 0.1547 102.42 <0.0001*
X, 0.0001 1 0.0001 0.0331 0.8608
X, 0.0613 1 0.0613 40.56 0.0004*
Xy 0.8192 1 0.8192 542.52 <0.0001*
X, X, 0.0870 1 0.0870 57.63 0.0001*
X, X5 0.0000 1 0.0090 5.98  0.0444*
BUi% X,X; 0.0210 1 0.0210 13.92  0.0073*
Y, X3 0.1315 1 0.1315 87.11 <0.0001*
X3 0.1714 1 0.1714 113.50 <0.0001*
X2 00526 1 0.0526 34.82 0.0006*
%2  0.0106 7 0.0015
S 0.0027 3 0.0009 0.4461  0.7334
w2 0.0079 4 0.0020
A 1.40 16
BRI 46.05 9 5,12 21.49  0.0003*
X, 29.26 1 29.26 122.92 <0.0001*
X, 12.18 1 12.18 51.15  0.0002*
X;  0.1378 1 0.1378 0.5789  0.4716
XX, 1.59 1 1.59  6.67  0.0363*
X X; 0.39%69 1 0.3969 1.67 0.2376
ek X, Xy 0.3782 1 0.3782  1.59 0.2479
Y, X3 0.1035 1 0.1035 0.4346  0.5308
X3 1.51 1 1.51  6.35 0.0398"*
X3 0.3402 1 0.3402 1.43 0.270 8
k% 167 7 0.2381
RKPI 1.25 304172 4.02 0.106 0
"2 0.4147 4 0.1037
B 47,72 16
BB 0.0753 9 0.0084 30.90 <0.0001*
X, 0.0000 1 0.0000 0.0462  0.8360
X, 0.0002 1 0.0002 0.7388  0.4185
Xy 0.0666 1 0.0666 246.06 <0.000 1"
XX, 0.0000 1 0.0000 0.0923  0.7700
X, X; 0.0000 1 0.0000 0.0000  1.0000
HMAFE X,X; 0.0012 1 0.0012 4.53 0.0710
Yy X3 0.0006 1 0.0006 2.24 0.1782
X3 0.0004 1 0.0004 1.40 0.274 8
X3 0.0058 1 0.0058 21.29 0.0024*
%  0.0019 7 0.0003
I 0.0014 3 0.0005 3.53 0.1275
WE  0.0005 4 0.0001
B 0.0772 16

W+ FREFEE(0.01 <P <0.05), #x FomEmhpHE
(P<0.01),
3.2.3 X HHEXTEIRAI M
SiiBul Design-Expert A o 1 56 0 P g AT Ak B
44 VAT, RLAVERL I % 95 O 0 P

R SR 8] 19 28 BAE IR 5% & 22 R 052
S RN e SN AT = T 3| B0 e 1 B e DT
TR R S B I 5 A (2 S I AT e R
A, BOTC T AT 58 B PR R L 143, FLAR R R AR
fRa /N FE V2 0B 2 N, S e S5 b o] 220
it

i U565 T BHAHIR | S 4 i £ dob 2 A B30
X3 R I L AN 9 B

HH ] 9a FIHT, XY e R (i ) ik T 2K P, 4
PR I AN 453403 25 B i o 6 % Sl 388 i e R AIG J5
Than s A O R TG NS | 35405 % B 2 BHHR R
JEREARIE TR

H1 1l Ob Al %, 4B iR b F oK -1 25
FE A ANAS 453405 0 B Ol O 56 5 Sl 388 i S B AR 5
T 5 A Uit U B T ol T, 040 3R B o e i A 1
iR

HI Pl 9c T, Y 00 50 6 o Ak T IR B
JeRpA AR B, B 40 28 bl B IR 0R 38 I S B S
T A BRI AN AR | 1530 2 B 2 e Ay i F 35 m
(iR PNE

HI Pl 9d AT, 24 e R i £ Ab T K P,
BRI ANAS | 4R Bl A O 505G A8 i/
AU 8 TG AR | B 2% R Bl A B A 0 34
/N
3.2.4 BHtk

R [ R BIBGR LRI ER, Bk R
AE T 5.8% FHRAET 5%, HirRE My
HH
minY, (X,,X,,X,) <5.8%
minY, (X,,X,,X;) <5%
st [(—1sX, =<1 (23)

-1sXx,<I1

-1<X, <1
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Fig.9 Response surfaces of interaction factors
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Tab.6 Results of field harvest experiment %

R TS wE Y, TAREY, R Y,
1 1.41 3.50 0.50
2 1.24 3.30 0.38
3 1.25 2.30 0.43
4 1.38 3.20 0.53
5 1.77 2.80 0.35
¥ 1.41 3.02 0.44
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