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Research on the drag reduction performance of potato bionic digging shovel

SHI Lin-rong, ZHAO Wu-yun, SUN Wei, SUN Bu-gong, ZHANG Hua
(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhouw, Gansu 730070, China)

Abstract; According to the stereoscopic microscopic photograph of first toe of claw toe in forefoot of the mole

cricket has designed the shovel of the excavator and carried out the research for the drag reduction and pulverized

soil performance, based on the discrete element method carried out the numerical simulation process for the bionic

shovel excavated soil. In order to protrude the good excavating performance of the bionic shovel, under the same

condition compared with the ordinary shovel carried out the comparison of the simulation results. The results showed

that: As compared with the ordinary shovel, the forward resistance of the bionic shovel was reduced 11.36% and

the vertical direction was reduced 17.65%. Comparing the number of soil particle adhesion between two kinds of

shovel excavated soil, we can know the soil crushing rate of the bionic shovel was higher than ordinary shovel by

2.68%. The bionic excavating shovel can shear and break the uplift soil and gradually reduce the horizontal and ver-

tical resistance, so it has a good application prospect.
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Fig.4 The bionic digging shovel

2 PiEB

2.1 TIEMAMSEBHE

ACAE ] EDEM 34 BRIA Y Hertz Mindlin JC
Y B4 AR A R Hertz Mindlin Al 25 42 fill A5 764 S 4540
HR B 4 ket 0 B AN R Ak e )
[ 1 S 5 B R AT ) s 6 2 428 T B ABUAS ] 5 KR
SME R R 2 [RIRG 25 7 i 2 R B | 2 AN KT
IXANSR I (R m U] ) | RORE 2 8] Y 24 B E AT
W, WIS 9 0RE DL Hertz Mindlin JGH 34 fl 45 71
FEAER,

BB AR TT R AR e S AR T e
IR 2, T 22 A 3 42 fl 55 5 B e ik L Ay
PE, N IR AR BB JARA LG Y DDA A | b
PR R FER R, S5 SR B =
BN 1 iR,

22 TEBOBHHE
22,1 BREmEAFERGE A AR
FH CMT2502 AL J7 RE IR S LT + B ek 17 5
R R (R gk APl ) o R A SR
BC 2 i - AE AR ) 2 b A R A R (AR N
39 mm, =54 80 mm) " PR 1 22 2 A TR 46 AL
1 AR U — 2 LB AR B 1k K 2k, A
AR F S IR W R A, BN I SR 0,
BAEELLL 10 mm - min™' A3 EXHAA#EAT 0%, B
A0 2B B o 1k A E Bhid sk
SRR ARE, R AR A 5 B (I 290 1)
A 3 A AP B R 4 a6 T A ) -

FIKZEN 15% 58k 1) S R BH 45 10 12978 30 kPa,
Y1) B R BEE5 N J1 290 16 kPa, BVl FL32 ) 137 7 Al
e A1) 7 F7, [R5 2% SCHR™ 0y B 4 49 WOk 3
SN 2 s,

222 #EFr HHETEEERIIEE, TR
FE—E RFLR A 5 b, B A 5 Uk BT 7 (R RS,
A AR py A SR R B 45 1 Ko B A

m v
2 _ P2y - 150
m; +m, pv tp,,
4
v, = ?’WR? (3>
4
v, = ?’UR; - ?’lTR?

o, my S HEEURL T & (kg) sm, A 7K 3 9 5 AL
(kg) 3p, 0, 73 HIH FIEHUK AL (kg - m ™) 5o,
vy 3R SRR AR BT AR, m? s R, (R, 43l e
R 2E 24 (m)

TR EAR R, = 0.001 m, TIEFR % E p, =
2680 kg - m™* , KB JE p, = 1000 kg - m ™, FFHAFA
X(3) AT R BE 4548 R, = 0.0013 m,
2.2.3 BRI A A& R P AR AR A O
FORE A, (0 238 153 A R] . EDEM B Ji) 25— i 2
F A )2 1 5% ~ 30% , P T4 foh % B 5, %Ml
BN 20% , 50 B Sh 3 1 05 B R R 26 0.14 ms;
KT B A 8] 1SS BT RS, i R
SHoR 2.2 i B HEREUR P AR B A% BB R T
100000 A4~ , Kt , 35BS R 2.2

E 1 MR

Table 1 Material mechanical properties
MBS E Material parameters ik 2% Contact parameters
Zps . CIRIEE S wR , N4 HIEEE R AL B R AL
N THAS L ) i X o L o
Material . . Shear modulus Density L Restitution Static friction Dynamic friction
Poisson ratio = Collision form . .. ..
/MPa /(kg+m™) coefficient coefficient coefficient
1% i 7 — T
5 03 100 2680 il 0.3 0.5 0.3
Soil Particle — Particle
ik

65Mn 0.28 3.5%10°* 7850 BR-H 0.3 0.3 0.2

Particle — Steel




AR BB U5 AR A2 5 S BERT T 289

R2 TEBRFHESH

Table 2 The parameters of the soil particles adhesion
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1. AT Soil model ;2.45 4 #2984 Bionic digging shovel
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Fig.5 The excavating soil model by the bionic digging shovel
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Note: The shovel moves at the speed 0.7m/s. The color of soil particles represents the velocity of soil particles, red repre-
sents a high speed, blue represents a low speed, and the green represents the middle velocity.
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Fig.6  Simulation process of bionic digging shovel cutting soil
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N is soil digging force(N) ; F is soil friction by digging and cutting(N) ; P is the total resistance between N and F(N) ; vy is
friction angle(°) ; ¢ is shovel penetrating soil angle(°).
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Fig.7 The force analysis chart of two kinds of shovel excavated soil
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