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Design and Experiment of a Low-resistance Composite Bionic Digging
Shovel for Panax notoginseng

WANG Chenglin  ZHAO Zedong LI Pengfei PAN Weiyu ZHANG Zhaoguo LIU Weijian
( Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; Panax notoginseng is a valuable traditional Chinese medicine in Yunnan. The mechanized
harvesting of Panax notoginseng has severe digging resistance. Reducing digging resistance has a
significant impact on improving the efficiency of mechanized harvesting of Panax notoginseng. To address
this issue, a composite bionic shovel was proposed. The factors affecting the digging resistance of
composite bionic shovel were determined through theoretical analysis as follows: the length, width and
height of the bionic knife, the width, length and bevel angle of the shovel blade. By combining the above
factors and the physical parameters obtained from the calibration test, an orthogonal test was designed by
using the Hertz — Mindlin ( no-slip) model. The combination of composite bionic shovel structural
parameters with the smallest digging resistance was obtained. Simulation tests of tracking the particle
displacement flow direction were designed to evaluate the resistance reduction capability and excavation
effect of the proposed composite bionic shovel. Based on verifying the simulation test through field tests,
the best combination of working parameters of the composite bionic shovel was determined by using
orthogonal test methods in the field test under the shed environment of the team as follows: the entry
angle was 15°, the forward speed was 0.3 m/s, and the center distance of the shovel blade was 80 mm.
The composite bionic shovel exhibited an average digging resistance of 1 094.51 N. This value was
reduced by 25.30% , 19.55% , and 10. 76% compared with the following shovels that were effective in
Panax notoginseng excavation; the flat shovel, second-order shovel, and combination shovel,
respectively. The above results showed that the proposed composite bionic shovel can meet the
requirements of reducing the digging resistance and improving the mechanized harvesting efficiency of
Panax notoginseng.

Key words: Panax notoginseng digging shovel; composite bionic shovel; digging resistance; discrete

element simulation; orthogonal test
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Fig.2 Composite bionic shovel assembly model
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242 &k L

2026 4

(LS
— e GRE
AUPETI g TR

4 =T R O3 BT AR Y
Fig.4  Analytical model of principle of three-sided wedge

SRSN R e o - s i <IN S G S S E ok
P, G RAZ485” L R+ 2SIk E ), 6, .65
Tl DAy B2 A5 5 i i g A 1) ey, KO e SRR
J1,S REGUES TAEH AT A, S e T 7,
R BRI R SE a5 AR A R ST L AR 1
S AOK P RN B 5 [ 1Y 52 90 53 8 L Rk 52 A
B B 52 WA A B T 3 By K 6 KA A5

LF: _(KS +f) (cosy —usiny) -0
dy Z(siny +pcosy)’
67F= _ KS(cosé —using) -0
a0 Z(sind + ucosd)’
Ay R A BB R 0° ~90°
Z— W

= (5) Afn, 2 A A 6 R 2R 5T Ay
A4Sy, B A U AR B AS R B ) ik B e ME . [
IR R AR 57 71 A 35 AR, 57 J1 45 fa B, 1 B 40° ~
80°, &ia (A MU BT T WF) A0k UL AR 2526 v
EATE a% 11Kk NI a3 W I = ) R T N 4
350 ~390 mm , §*HEH 40 ~80 mm , fj4E JT Y RS ARYE
AT EE =R ~F(91.2 mm x 19.7 mm x75.0 mm ) %
P4 /INIF OB ARAT I L O 28 ~ 32 mm, B &
dJEHER S ~9 mm, B b JEEY 23 ~27 mm, £E 1
Bk, 2G5 Ui S R IZ B 52 ik 6 MR B

=AU
2 ZtMTEMEBESHFRE

fii FJ TMS — PRO R %l £ 5 W Pk o3 A A ( A%
AR AR 0 ~2.5 kN HF B 0.015% |, F i R 4R
BN 2 kHz, S5 8 FTC A F]) JAS103N HLF 43 Hr
RV (KEEE 0.001 g) FERR -~ RCHS B 0. 02 mm) i
TS ERREIRE . S EREARRA S RV
TR rh 25 R HUAR AL T AR 0F 58 s, 3k B ] — 28
20 kM E =L TSR A, BT = EE
ARASHLIN | = 1 %% B R L 3 AR 96 0 5, 3 ok T 2 B
IS = L I O 1230 kg/m®, = b
MR R R D I, 3k I T A (E R
1350 kg/m’, ffiff TMS — PRO %I 4\l £ fi 45 2 43
BT AN = A A 2 0 A7 R 4 R BT D)l 58, A

(5)

SLIAFA KA 0.08, YIS 4. 468 x 107 Pa,
HEFS L H 0. 37, B HIBI R Ky 6 x 10° Pal

3 HERKE

3.1 Ay

=L ORISR SR 1 1 T . =B EEOT
PR i = AE AN = AL B A o OB G
SE AL EDEM 58, 1T EDEM J50RE 378 )
REAE = LB HOT R AT BURLICE . B
BEME PR T

%®1 EDEM +EFHNREZIBHMESHIEE
Tab.1 Parameters setting of soil particles and

excavation parts

ZH Bl
- 9 UKL 18] i 7 45 PR 4 0. 46
- R AURE [R] VR B B8 45 K 5% 0.15
+ HE R 42 /mm 5.00
65Mn SR L 0.30
65Mn ) B A5/ Pa 1.98 x 10"
65Mn #{ % B/ (kgem ~*) 7 800
- BORL 5 2 43 WA TR SR AT R L 0.59
- S TURL 5 2 41 50 28 v e RS 42 PR A 0.57
- BORL 5 42 4 A )R 2 R 42 TR 0.06

Hertz — Mindlin ( no slip) #% & 7 EDEM H4E &
— b R 1 4 Al AR R B A% A G b I UKL ) L
Z B SR AR IR =R R R B, i
J Hertz — Mindlin (no slip ) 2 fii 85 54 14 7. 8 # 7T 5
FLERL . Hertz — Mindlin (no slip) #93% [m] J3 73 & 56 T
Hertzian 2% fih ¥ 3&, ¥ ) 7 #2 A 3& F Middlin —
Deresiewicz WIFFE 45 R o 2 1m) ) A1) [ J1 #B B A7 iLJE
oy BHJE R BCE IR R B G, D) ) BE 45 ) 3 Sy
JE B BEAEE VR Bl JBE 45 ) ek 5k k57 S 1) 1 e
FERIAIR K

TR B BEE 0 T 05 BLACR B 2 o TEHE AR
T Tt A0 3 R TR S BE A ) 7 3k Uk

T, = _/“LiFnRiwi (6)
i F”=€;E*«/R*6% (7)
X p,——IR B RN
F——ikm 7

R 15 i 5.2 1 0 B

o 0 A il £ 1 25
B —— 2t [

R —— 4

b, —— Ik i) At

W ET R E XN



1 T % BB = LA O R R >
111”21” ) BELECE AT E A KR S s, WE H bR R R
E E, E, 0.01 s,
RS (9) 33 DERBEISHH
R* R, R, 3.3.1 ZiSHE
Aoh B, E—— 1 A EEVIET R A TRy, WA b %
v, w——IHH L LG TR y, R IE N

R, R ——BR V3 i F 75
A6 BELJE 1 3 4 95 141 BELJE. 0 0 6 BELJE )
Ve L ) ik 2

M=—2/%n
.1

JS m (10)
1 -1

Horp m (—+—) (11)
m; m
1
= (12)
JIn“e + 11
S =2E° .JR*S. (13)

Kb om0
. om,—— A (A 4 B

B Y AT
n—RBHJE &%k
—r
e K2 2

VI 1 F BT 00 ) & 1 5, MYl m Nl E S, ,
F = -88, (14)
Horp S,=8G" /JR"§, (15)
L 6" —Y By YR
S— VI EEE
S,——J 1l Wil
YImp e f1 F! FhH

Fi= -2 /é;nA/sgn*v? (16)

Arh o R D ] 3

e ZAh) 0 LR R RS K BE Sy 1 000 mm, 5 Ji2
>4 500 mm, 5 E A 150 mm,
3.2 FEREKERE

7t EDEM K Geometries s il BURL T. ) - 11 58
TR, R 5 R SR, R TR A 1
kit %, PEC A K R ST 58
R BNRE RE )G, K25 AL S A EDEM
BEAZH A LA 25° 32 R 2 200 mm, X 4%
Y47 US Il Linear Translation, 3 % B 5 0.6 m/s,
BB A FOR AR AL 28, 2545 75 TR TS 1) K )y
FLRGE M K BT I ) 2D K B8l Rayleigh [ i) 20
K1) 20% , AR 4 - 9 UKL B 58 i 1) 55 4% 4 4 ol

y, = —=0.021 7x" +7.74 (R>=0.9919)
{%:Oi@4MZ—QOM7x+Q6% (R>=0.9945)
(17)

L3R A5 Ul B80S B i 5 TAE S B &b H
(1, IR R S 50T 52405 A4 4 0 2 48 B 1 0 18 56 45
bro 854 =B UKL Y 1 BB 2L R RS R AR A 45
P AE IR B 1 8 d R B b 3 AL 4248
BRI EEE D K L MBI R B, 3 MR E
i Ly (5°) IEAZ R AT AN R K ELZRIRK
HFRAZES, BAR R EL 3 LTI 206,
Horpr A= DT K BE S Ll 28 ~ 32 mm, B B S LN
5 ~9 mm, &L E R 23 ~27 mm,, fj AR A v
W FE 2 40 ~ 80 mm, K FEYE [y 350 ~ 390 mm, 5 7]
RHATLE g 40° ~ 80°, 7 RL4Z 48 FH 1 1) - 35 {f D
poR Sk T N S B S RN RN e
N2 ME 3 PR, £33 P ABCDEFRHA
FIKTE .

x2 EGHETFHERBRERAKTE
Tab.2 Composite bionic shovel simulation test

factors and levels

Sk
K AT AT EED) AR Rk BEaIR
K JE/mm FEEE/mm &5/ mm 5 E/mm E/mm o f1/(°)
1 28 5 23 40 350 40
2 29 6 24 50 360 50
3 30 7 25 60 370 60
4 31 8 26 70 380 70
5 32 9 27 80 390 80

Sy it — A WA 4% TR 2GR 5 3 A B R o R
XP IR 25 B AT T 2 0 0, 7 22 4r B A5 SR SR 4 BT
Ro M4 Hhal A3, DLEZ R BE 4R ik 4 A, A
D XHERBE F7 0 5 A% 3 T AR T I K
5 RN i B D S A A AR A i A T AN 0 R
XoF 42 4 BEL 7 5% e B OR 2 BRI A O A AT T A B
JEE SRR S AR B T e BB, 6 AR X2 I
RH 77 52 Fe 38 M\ 3 VIR AT HE P 3D >B > F > C >
E>A, VIZ48 B )1 /R B A, St TAES 5
Y140 D,B,F,C,EA,,
3.3.2 ;i A BT

DA 52 6 5 A 7 52 4 BEL 0 5% i) R B S AR, A



244

Y S ]}

W% 2026 4

R3 HEEETFHERRARSER

Tab.3 Composite bionic shovel simulation test

schemes and results

o % R /N
A B C D E F 551 42 4513
1 1 1 1 1 1 1 207. 25 207. 11 207. 66
2 1 2 2 2 2 2 234.41 234.45 235.16
3 1 3 3 3 3 3 287.72 288.33 287.66
4 1 4 4 4 4 4 318.91 318.23  318.88
5 1 5 5 5 5 5 317.02 316.99 317.34
6 2 1 2 3 4 5 282.26 282.36 283.13
7 2 2 3 4 5 1 267.57 267.77 267.69
8 2 3 4 5 1 2 318.94 317.65 318.63
9 2 4 5 1 2 3 224.29  224.90 224.00
10 2 5 1 2 3 4 240.39 241.15 239.91
11 3 1 3 5 2 4 307.11 307.95 306.78
12 3 2 4 1 3 5 244.24 245.35 243.96
13 3 3 5 2 4 1 255.04  254.77 255.69
14 3 4 1 3 5 2 257.14 258.02 256.63
15 3 5 2 4 1 3 307.01 306.38 307.32
16 4 1 4 2 5 3 242.18 242.36 241.74
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24 5 4 3 2 1 5 244.26 243.91 244.36
25 5 5 4 3 2 1 273.45 273.85 273.61
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Fig.5 Effects of factor interactions on digging resistance
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Fig.9 Trajectory tracking results figure of Panax notoginseng particles
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1 35 0.2 90
2 30 0.3 80
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Tab.6 Field test program and results

HE -1 2 B 3 /N
e G Kl H I Vg —Zhe Ae5 ol
123 e
1 1 1 1 1 1 1 1913.881589.991439.41 977.21
2 1 2 2 2 2 2 1472.231569.961411.54 703.10
3 1 3 3 3 3 3 1665.581562.611339.98 745.85
4 1 4 4 4 4 4 1819.551605.23 1495.14 940.31
S5 1 5 5 5 5 5 2020.751688.54 1544.44 1046. 64
6 2 1 2 3 4 5 1901.461575.651366.60 822.55
7 2 2 3 4 5 1 2035.791640.03 1521.30 956.59
8 2 3 4 5 1 2 1444.151503.031284.22 631.37
9 2 4 5 1 2 3 1599.251339.331156.28 724.65
10 2 5 1 2 3 4 1659.321456.23 1226.32 834.63
11 3 1 3 5 2 4 1600.111894.551865.01 666.40
12 3 2 4 1 3 5 1756.141200.36 1006.33 770.77
13 3 3 5 2 4 1 1862.121280.861094.61 855.40
14 3 4 1 3 5 2 1676.981606.38 1584.88 663.95
15 3 5 2 4 1 3 1379.481282.621123.36 642.88
16 4 1 4 2 5 3 1512.141311.241141.20 655.62
17 4 2 5 3 1 4 1267.611026.58 989.64 645.62
18 4 3 1 4 2 5 1339.651114.26 999.63 664.24
19 4 4 2 5 3 1 1455.101179.68 1025.59 702.99
20 4 5 3 1 4 2 1628.271137.451023.20 642.64
21 5 1 5 4 3 2 1116.221087.56 993.36 611.13
225 2 1 5 4 3 1269.241123.361063.21 627.69
23 05 3 2 1 5 4 1364.081235.48 1121.21 662.48
24 5 4 3 2 1 5 1003.241055.22 945.68 542.68
25 5 5 4 3 2 1 1385.03 945.81 899.63 621.12
x7 BHRRAEDH
Tab.7 Analysis of variance of field test results
s wx Frm 0y Fooop
i3
G 228352.487 4 57088.122 5.767 <0.01%
407 H 56917.983 4 14229.246 1.437  0.281
He A I 96674.014 4 24168.504 2.441 0. 104
AR 39599.673 12 9899.918
G 1047734.195 4 261933.549 25.892 <0.01*
e H 385219.093 4 96304.773 9.520 <0.01*
I 226408.338 4 56602.084 5.595 <0.01"
SUFT 121 397.814 12 10 116. 485
G 1019519.247 4 254879.812 10.217 <0.01*
H 138079.071 4 34519.768 1.384 0.297
—B I 54534.557 4 13 633.639 0. 547 0. 705
BRI 299 366.224 12 24 947. 185
G 763356.137 4 190839.034 5.991 <0.01%
H 214468.779 4 53617.195 1.683 0.218
iRy
I 107439.206 4 26859.802 0.843 0.524
SR 382225.967 12 31 852. 164
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Fig. 14 Variation curves of digging shovel resistance
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