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Design and Test of Split-body Shovel into Soil Copying
Cutting Device for Spinach
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Abstract; Aiming to address the problem that existing integrated blade-type underground cutting devices
for leafy vegetables cannot adapt to the lateral undulations of wide ridges in spinach cultivation, leading to
root cutting failures, a split-body shovel into soil copying cutting device was designed to reduce the
impact of ridge conditions on spinach root cutting effectiveness. The shovel’s motion mode was determined
through motion analysis, and the main structural parameters of the shovel were obtained by using discrete
element simulation. Based on the shovel’s motion requirements, a crank-connecting rod-parallel four-bar
linkage transmission mechanism was designed. Through mechanism-soil interaction force analysis, the
overall structural parameters of the contour-following mechanism and the compression spring were
determined. A mathematical model of the transmission mechanism was constructed by using the complex
vector method. Based on the shovel cutting trajectory optimization analysis, the speed ratio coefficient
between the forward velocity and crank angular velocity during the up-and-down movement of the cutting
component with the ground surface was determined, along with the functional relationship between the
longitudinal coordinates of the contour-following rods. Field trials verified the accuracy of the optimized
cutting trajectory results. Based on the optimal cutting trajectory, the best operating parameter

combination for the split-shovel type soil-entry contour-following device was obtained; crank angular
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velocity was 18. 85 rad/s, speed ratio coefficient was 7. 92 mm/rad, at which the average root cutting

qualification rate was 95.23% . Under the optimal combination of operating parameters, a performance

verification test of the contour-following mechanism was conducted. The results showed that the root

length was maintained within the range of 11 mm +3 mm, with an average root length variation coefficient

of 37.96% . Comparing the operating effects of existing integrated blade harvesting equipment and split-

shovel cutting devices, the results showed that the split-shovel cutting device reduced the root length

variation coefficient by an average of approximately 63. 42 percentage points and increased the root cutting

qualification rate by an average of approximately 17. 4 percentage points. The research results can provide

a novel cutting method for spinach harvester research and offer component support for the overall machine

development.

Key words: spinach harvesting; split shovel type; cutting into ground; surface profiling; cutting path
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Fig. 1 Schematic of spinach planting conditions

1.2 YIEREBKEMETERE
1.2.1 kg5t 5 FE S

B ) B e B R AR S R N & 2 TR, 32 AR
SR E ATERE MR AU R AR A, IR
B B FEAFEE G 571K S L A S A
A ERE TS E R T 57 ) 3K 3l s L AT S B G

B2 ok OrE) 5 B AL
Fig.2  Overall structure of split shovel type cutting device

oK s 2. 45 E3E 3. R 4828 S 5Okl



% 8 1

PUNATIE S N WS s /iy A7k SR g iR re 131

AR B A KUK s XA D T g A B B T ] 2
H 2 O AL Sl DRAIE DD IR R P08 Bl s AT R R
LA %, AL R R BN AT E AL 8 A%
S AT E 2 L, M 28 LA,
T OISR PR T s A L i
i 5 O FIAR A S AL AR Bl A 4, o 4
AU E AR & LR B R] 2532 B, SO 3 R AR
SEVATTDIEIRBE o DI B HOR S HANR 1 o .
F1 HEFAVBAEEHRASH
Tab.1 Technical parameters of split-type shovel

cutting device

e $fE /I
SERIE 5 FHeat
IR Bh 45 49 9 5 HL B 5 1 3R
frEl R % | LATE
Di LA I X, BLAH % 3 15
SME RS (K x 38 x #) /(mm x mm xmm) 1800 x 900 x 900
Yl 1 5& / mm 900
YI#E B/ mm 10 ~25
BT B/ (mes ) 0~0.5
5% 1 98 3h iy WL 9/ (xemin ~ ) 0 ~1500
PEr 3/ (mes™") 0.05 ~0.25

1.2.2 4 CUn a4 AR e

B B IRAESE R R 3 R, F AR T
& S AT I HLAG o % Zh BILAE A2 45 I O 25 L 3K 2
FF L EEFE R R L GE R N IS TR 5
PR LA R RS . A AR i R A 2 R
Wit U1 ) 2 S, 4 R ML M 3 o e s 44
Ji 43 T 4 W A A% il A% Sl R0 3R 3l 4 200 0
A o 17 30 9K Sh AT 1 1 HE 3h % AT R B, 5 5
AT IR 2, O IS A A B, T HE B VT E
WHETFEMA LI, FEEEEAT,4 A0
TR AR L0, & 28 T o il 22 TR RE O 1) RS AR, 4 4L T
s RS ARIE 4 4157 ) R A 58 A £ VIR
VS, B 2 LA 22 1T b L, DA S TR 2 1) R S AR
B GRURE T SR D), B A R AR Y

B3 5l H R A A
Fig.3  Shovel type cutting component structure
L") 2.0 R 3. (4 4. SCHEEFF S B 6. fiO
#TOEAF S WL 9.JEF 10, [EFF

2 HFUBESBEHERIRT

2.1 FIEHDHH

VESEAR TN 1 S MR ARG, B R
SR, B T MRAE 9 D R B AU K I 1)
DU i A K U AR A B O 3 0
WU AR 1 A R F o P TR R R kR
TEAE 25 50 T — R 2 5 1 MRS 55 0k 75 76 R [7) 457 e
AR E L Z M E " R 2 SRR %
] Sk J 2 v o R R — P, U DA b b)AR
TR SEAR N — £ 0, B T Oxyz 25 ] A 45 3 , 1% 454
FTHIITIAL (P 4) ,y Bl A T HE 7 1), R 2B T
I 2 Bl BT 1 ¢ B T IR T 1, Bl
T H BT

K4 I8z ) o

Fig.4 Sliding cutting motion and force analysis of blade
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Fig.7 Simulation test of blade cutting into soil
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Fig. 22 Results of single factor experiment of

operation parameter optimization
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Statistical results of soil firmness on test ridges verified by imitation mechanism
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Fig.24  Operation performance verification test results of copying mechanism
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Fig.26  Statistical results of soil solidity on operating ridges of comparative test
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