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Design and Experiment of Hinge Lifting Device of Cyperus esculentus
Combine Harvester
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(College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract; Aiming at the oil bean mechanized harvesting process of lifting and transporting vibration
device to remove impurities is not obvious, resulting in the oil bean and soil impurities and other
separation is not complete, the soil leakage rate is low, the rate of injury to the fruit is high, as well as
the soil clogging and back to the belt in the process of lifting and transporting and so on, combined with
the oil bean fruit — soil — seedling agglomerates, a hinge sieve sheet lifting device was designed through
the sieve sheet bending part of the agglomerate to provide the same direction of movement with the chain
sieve lo increase the area of the screen holes and increase the effect of soil leakage and effectively avoid
the phenomenon of back to the belt. Through the bending part of the sieve plate to provide the
agglomerates with the same thrust as the chain sieve movement direction, the sieve area was increased, so
that the hinge-type lifting device can increase the effect of soil leakage and effectively avoid the
phenomenon of back to the belt. The inclination angle and fixed position were analyzed and designed,
and the simulation test was carried out by EDEM. Taking the linear speed of the chain sieve, the bending
height of the chain sieve plate, and the vibration frequency of the chain sieve as the test factors, and the
soil leakage rate and the fruit injury rate of the oleaginous soybean agglomerates in the conveying process
as the test indexes, the optimal structural parameter combinations of the conveying sieve were obtained
through the analysis of three-factor and three-level orthogonal simulation test. The test results showed that

the optimal combination of chain sieve line speed was 1. 151 m/s, bending height was 27. 779 mm, and
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vibration frequency was 9. 561 Hz, at this time, the soil leakage rate of the lifting device was 96. 524% ,

and the fruit injury rate was 2. 439% . The results of the field verification test showed that the average soil

leakage rate of the hinge-type lifting device was 96.05% and the average fruit injury rate was 2. 38%

when taking the chain sieve linear speed of 1.2 m/s, bending height of 28 mm, and vibration frequency

of 9.5 Hz, which was basically the same as the results of the simulation test, and it met the working

requirements of the chain sieve for lifting and transporting the oil soybeans.
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Fig.1  Overall structure diagrams of Cyperus esculentus
conveying device
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Tab.1 Cyperus esculentus harvester main parameters

S8 Bl M
e #25]3
T P i
fe&sh J1/kW 80
{28/ mm 100 ~ 200 ( A3 )
TAEM 96/ mm 1500
fEV R/ (km-h~1) 1.1
ZIRR A/ (kgos ™) 70

AME RS (K x 5 x )/ (mm X mm x mm) 2200 x 1 500 x 1 100
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Fig.3  Analysis of force of fruit soil agglomerates
on sieve sheet
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Fig.5 Schematic of installation position of

Cyperus esculentus conveying device
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Fig. 12 One-factor impact curves
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Tab.5 Intrinsic parameters of materials

Wk I/ (kgem ™) AR B/ Pa
135 1638 0.3 1.15 x 107
Pk 1083 0.4 3.34 x 107
LS 470 0.4 1.72 x 10°

VMR IR R 250
iR B PR 5 B IR R &R T R A
RFORITEbR , AT RIEAS e R 5 50 K &
RSN 6 Frs .,

®6 RBMEEHD

Tab.6 Test factors and codes

SN
St Bk U/ Pra e/
Fisi/ He
(m-s™!) mm
-1 0.6 15.0 8
0 1.0 22.5 10
1 1.4 30.0 12

FLARIAE 7 2 AR T PR
®7 HRBITHER

Tab.7 Experimental design and results

R Ak b VA 7V
CORHUE, s/ R/
i) % %
(mes™!) mm Hz
1 0.6 15.0 10 94.75 2.77
2 1.4 15.0 10 95. 06 2.84
3 0.6 30.0 10 95.98 1. 82
4 1.4 30.0 10 97. 84 3.30
5 0.6 22.5 8 97.61 1.21
6 1.4 22.5 8 98. 65 3.14
7 0.6 22.5 12 94. 71 2.25
8 1.4 22.5 12 98. 42 1.93
9 1.0 15.0 8 94. 97 3.13
10 1.0 30.0 8 98.42 1.18
11 1.0 15.0 12 94. 27 1. 16
12 1.0 30.0 12 94.53 2.70
13 1.0 22.5 10 95. 48 2.56
14 1.0 22.5 10 95.47 2.13
15 1.0 22.5 10 94. 95 2.03
16 1.0 22.5 10 94. 98 2.20
17 1.0 22.5 10 95. 01 2.28

itk — 2o BT g 25 5 0 Eaf M, R Design-
Expert 10. 0 X350 HCHE 247 B 43 B, %) i 26 4% i
(T T ARG SR AT O 25508, insk 8 9 B, &
H1 A B.C AR ZE GRS E.,

H % 8 A, [MIH S F =20.62,P =0.000 3,
WA 2 Hrh A B .C.BC A .C*Hy P (Y
ANF0.01, B % K E A T xR AR
L AC B P E/INT0.05, £UZH ZE X T %8

x8 WEIERAENW

Tab.8 Variance analysis of soil leakage rate

IR FHA AmE HrE F P
TR 37.26 9 4.14 20. 62 0.000 3
5.99 1 5.99 29.81 0.0009
B 7.45 1 7.45 37.10 0.000 5
C 7.45 1 7.45 37.10 0.000 5
AB 0. 60 1 0. 60 2.99 0.1273
AC 1.78 1 1.78 8.88 0.0205
BC 2.54 1 2.54 12. 67 0.009 2
A? 6.74 1 6.74 33.54 0. 000 7
B? 1.21 1 1.21 6.01 0. 0440
c? 3.45 1 3.45 17.16 0.004 3
bR 1.41 7 0.20
A 1.11 3 0.37 5.00 0.0770
W2 0.30 4 0.074
JEvil 38. 66 16

x99 GREFEST

Tab.9 Variance analysis of fruit injury rate

P 3 FOrM HBE YWorE F p
L 7.17 9 0. 80 32.28 0.000 1
A 1.25 1 1.25 50. 55 0. 0002
B 0.10 1 0.10 4.10 0.0825
c 0. 048 1 0.048 1.95 0.2057
AB 0. 50 1 0.50 20.12 0.002 8
AC 1.27 1 1.27 51.25 0.000 2
BC 3.05 1 3.05 123.3 0.000 1
A2 0.30 1 0.30 12. 09 0.0103
B? 0.13 1 0.13 5.30 0.0549
c? 0.59 1 0.59 23.82 0.001 8
hkZ 0.17 7 0.025

A0 0.011 3 0.004  0.091 0.961 1
PR 0.16 4 0. 040

JEv il 7.35 16

RUSZIR 0 25 o 25 KR PR 2060 T T - 2R 0 5% 0]l K 2]
NS R (MR ) R L B, ik Y e
1 5 25 R R 2R A [l A ARy
Y, =95.18 +0. 874 +0.96B —0.97C +0. 394B +
0. 67AC —0. 80BC +1.26A% —0. 54B* +0.90C*
(22)
HE% 9 I, A% F =32.28,P =0.000 1,
MR 2 o A AB AC (BC .C*1H P {H5/)N
F0.01, £HZHE X TR il 3%, A* Y
PAE/NT 0.05, RUIZH F w3, &5 N &R
PO R Ve 10 A eI VN 3 Y e =1
JE HRA, ke B R R 5 45 1 R R Y [l I A
A1 Ky
Y, =2.24+0.394 -0. 11B -0. 077C +0. 35AB -
0. 56AC +0. 87BC +0. 274> +0. 18B* -0. 37C*
(23)
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Fig. 13 Validation tests in field
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Tab.10 Validation test results %
e % (=S
1 96. 60 2.61
2 95.52 1.98
3 96. 83 2.57
4 95.72 2.51
5 95.58 2.25
FEE 96. 05 2.38

HTHEEE RSB G T, A R
%K 96.05% , VIR RN 2.38% , 515 Kl
JIT I 56 B He A — B, R A T 5 W b
WAL TAESAE,

5 #ig

(1) Xy G AE Tz i #E p 5y Ly | o) 2
W, ST A T N R T — R T
s PR —Ri &R T HE R R s = T
B4 E F B A A A R A BR R (473.8 mm,
—107. 4 mm) , e AEL A E N 32. 55°,

(2) i P 30 95 H 2R RS IR 2 A 0 F B
AR B F B8 25 1 5 e FHAC BN 70 mm (1) T
R P 8 mm KR 88 mm | 4 [n] HH
15 mm J\AHE B 68 mm K FITEFAL .

(3) UTFhis 2 i B | JRA00 R4 25 g i Ry i
N, Dk o R v T3 B i o i 90 R R 25 A T 1
RAGFRAE R IGFR bR , ST 05 AR AR5, i i
RIGIIHT 5 RIS, Fe &0 5 Tz 4k 0 e A 45 1
SR U TR N 1.2 m/s TS B 28 mm |
AR 9.5 Hz W), s 1 F K 96.05% 1 K
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