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Clamping Conveyer Device of Ordered Spinach Harvester
Based on Rheological Property Analysis

ZOU Liangliang'? LIU Xuemei'” LI Jinguang' NIU Ziru'?> SONG Yeben' YUAN Jin'?’
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
2. Shandong Provincial Key Laboratory of Horticultural Machinery and Equipment, Taian 271018, China)

Abstract: In the process of harvest, spinach plants could be damaged easily by clamping conveyer
device. To solve the problem, the rheological property of spinach plants was used to analyze the gripping
delivery parameters on the effect of damage to spinach. Firstly, a kind of spinach gripping delivery device
was put forward, its working principle and the mechanical structure were expounded, the relationship of
floating clamping device with spinach plants was analyzed. Rheological constitutive equation of spinach
plants under the action of extrusion was constructed by Burgers viscoelastic model. By the creep test, the
constitutive equation coefficients of spinach plant samples were obtained. Without considering elastic
deformation and viscoplastic deformation, the constitutive equation of spinach plastic deformation was
obtained and the degree of plastic deformation was used to measure spinach mechanical damage. The
influence of equivalent modulus of elasticity, transmission speed on plastic deformation was researched.
The operation condition of minimum plastic deformation was obtained and it could achieve low damage
harvest at this time. Three kinds of transmission speed and three kinds of equivalent modulus of elasticity
were selected, and the five groups of parameters were studied. The constitutive equation of clamping force
with time under different working parameters was obtained, and the operation condition for minimum
plastic deformation could be obtained by the equation. Finally, a gripping delivery test platform was set
up, the result of the experiment showed that when the equivalent modulus of elasticity was 2 N/mm, the
transmission speed was 25 mm/'s, the success rate of conveying spinach was 93. 3% and the injury rate of
spinach was 6. 7% , the effect of gripping delivery was better. The experiment proved that the rheological
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properties of the spinach could be used to analyze of the influence of working parameters on the spinach
damage feasibility. The research provided the theoretical basis and technical reference for the design of
the leafy vegetable low damage mechanical harvest.

Key words: spinach; low damage harvest; clamping conveyer device; rheological properties
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Fig.1 Schematic of spinach harvester
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Fig.2 Schematic of clamping conveyer device
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Fig.5 Force analysis diagrams of floating clamping process
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Tab.1 Spinach physical parameters
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Fig.8 Changing curves of mean deformation and time

under different loading forces
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under different equivalent modulus of elasticity

I O TR, et 4 LB R AR, 7
SR ST RR/N, i3t (27 ) 01, B 577 A 1 98
TN, SRR 2 5 A BB 7, (ELR 2
FE B R /M S (10) SR A5 i 5
ISR T L R, =2, 1 N, B R AL e 15 4
P fE et B 2 R R AR, Sk, =
2 N/mm i, 736 SRR 2% 4% PR R4 T, JeF5 77
B/ SRR P T R R NI
it A

1
xpzzfo F(i)dt =

lifzz.S (0 Qe 02 40 6670400131)(115 =0.51 mm
120

3.2 HXEEXRREEERE R

PRIAF IS R P A BT o, 5 R 284 A B
B 0, A, H(2) ~ (4) EHEE LR v,/0, =
5 AT 6 B e 45 B T E IR L, e M
TR LR R MR S S AR PR A S AR aly o B 1 S ] B



410 5

AR5ESE AT FETWASRENE ST YRR AT ORI A 5 2 AT 77

6 A A S SR A e R 1) i ki (] R e
2 (27) Hl IR ARTE 1 )N

TE TR AL R SR AT g 2 i, M ok
Fediit Ry 10 mm B R AN ) 5% R B 95 S A vk
32 BN A ANIR] 8RO, 332 B Y gk
A, HE(27) BT AR Y SR AR T G 8K o S dit
Ptk ™2, T DA% SR R 5 e S 5 07 R FH ek I
TN, R E SR S K/ S T/
1, T B N TR SR (H 2 2 B R IR0 %
PRBEARBER /I, A8 SCH 2% 3R FE R v, =20 mm/s, 24
v, =20 mm/s B, v, =0,/5 =4 mm/s, FFFEF[E] ¢ =
L/v, =22.5 s,

Bk, =2 N/mm, fRA S (23) . (24) , IRk i —
Moy T R4S F (1) =0.9e %2 42, 6 "%

[ BLOREF kg AR, 2 JEH 26 S E v, 19 AT IR 1
SR5E 25 mm/s F1 30 mm/s , SR A5 AR B B e 5 4 7
R F(1) =3.1e "% + 1.4 ™™ F(1) =4e "' +
26 —0428LO

Ao B AN [ i 326 R RE T e R 07 5 I JR) 9 O &
£k, 10 B,

7
e 30 mm/s
Z} e e 25 mm/s
=5 . ——— 20 mm/!
= -
i afSao T
2 3 SNc~—— i e —————
. S —

2 4 6 8 10 12 14 16 18 20 22
Bl
10 Al ks RE T Jefy g S ) g 5 & ih 2k

Fig. 10  Relationship curves of clamping force and

<

time at different transmission speeds
{3827 ) R R LR R 9P
4 p, =20 mm/s fif
1 T
== | F -
v =) F@d
E

120 J,
2 p, =25 mm/s fif

1 ("
xpzzfo F(e)de =

(0.9¢ "% 2.6 **¥)d; =0. 51 mm

18
1170 (3.1 ™% 4+ 1.4 *®)dr =0. 5 mm
0

4 v, =30 mm/s i
1 T
xp:zjo F(t)dl:

1" —~0.001 8¢ ~0.28 _
120f0 (4e +2e "% dr =0. 55 mm

S K 25 /s I, SIHEAS I KA X s
ANo T BB/ BIL AR A P, AR S K G I R
25 mm/s,

4 RIGIGIE

0T BAE bR AT B IE R R TR A
ipeSllinnE = ot S R P& N [Tpr s SR e ]
A TR R KSR AL, WA 11 B, s
HE ARSI A S LA R AR A b BB
Profe it e o TR A 7 AN AT LA S e ff
ke i L AT LA T e Rk R B A 3K
By AL AL i3 o A s S P AU S PR Ui
AR A AR A AN R R BRI
SIPHUFA B HL B 2 9 1 2 L A S e 2 L

B Sk it g &
Fig. 11 Spinach clamping conveying experimental platform
LORMIEE 2 S B 3 T RE 4 X
5. UWKBhE AL 6. LAl
BRI A L AR AR T 2P S A A S
5w, e AR ROIR LA [ 1 B 20 R i i 25 o i
Xt 4, XS & #EAT SEOE Y, Je R e ) in )
PR A 10 mm, 43 51 B0 AR Sy 2% (20,25,
30 mm/s) A EEPE R E(1.2.5 N/mm) |, Hif
175 A, 3920050 Je KF ik 30 MRk, 1A
B2 G 1Y I 15 i 2% K T R PR R SR G 0 R
Q,itHE N

P:%xlOO% (28)

Q:%xlOO% (29)

K y—— SN Jedrhinik AR AL
FHF U0 9 8 58 AR B
TR R A 9 SR B

RIS EERANFR 3 o, Bl 4 a6 o B A g o g
SEPGRA ITRE N B > i R A, AR
Lp P WEI RSy N P R 7 R RSN va BTN
TS b 28008 1 N/mm B AR R8N H
SEICFR L RN, GRE 5 R, ik g
25 mm/s Y PERECH 2 N/mm B S ik
N 93.3% , Wik FEN 6. 7% , I F5 i 16 R
BAf

z

N



78 PO A1 R S S ¢

20109 4F

x3 RBEAREER

Tab.3 Experiment plan and results
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