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Research on Drag Force for Bionic Cone Soil Contact Part
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Abstract: Vehicles and agricultural machinery are often trapped caused by slipping and sinkage when
working on soft terrain. Therefore, a superior propulsive performance is significant for the vehicle. By
observation of the dactylopodites of Chinese mitten crab, three bionic soil contact parts with different cone
angles were fabricated. The article focused on the drag force in the horizontal movement of soil contact
parts, which were compared with cylinder sample. Experiments of walking foot were carried out in soil-bin
filled with fine quartz sand. The influence of motion velocity, insertion depth and cone angle to the drag
force were analyzed. Results showed the drag force was increased with the square of insertion depth and the
cone angle of soil contact part. When the cone angle of bionic walking foot was doubled and trebled, the
drag forces were increased by 47. 18% to 167.57% . And the drag force was linearly correlated with motion
velocity. In the scope of velocity of experiments, the drag force was increased by 11. 37% at most with the
increasing velocity. A model for predicting the drag force of walking foot was created based on the
estimating formula proposed by ALBERT, and was combined with the experimental results. The verification
of the model showed that the residual was not higher than 3. 62 N and the average relative error between the
model calculation values and experimental data was lower than 22. 77% . Thus the model can be used for
both variable section and equal section soil contract part, and it was accurate enough in the prediction of
the drag force. The research results provided theoretical basis for predicting the performance of propulsion
of the soil contact part and the development of legged mechanisms on soft terrain.
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Fig.1 Cross section of dactylopodite of Chinese mitten crab
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Fig.3 Samples for experiments
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Tab.2 Factors and levels

K- — A
M/ (mmemin ') TR/ mm HEf/(°)
1 10 20 27.6
2 20 30 18.6
3 30 40 9.3
4 40 50 0
5 50 60

2 HR5WR

2.1 EEEXKIERE SRS

TE AR RIS v, & T3 B X 7K ~F-BH. g ) 52 Wil
ARSI A7 LA 2 fih L AR 32 21 - 3 BH T B
3B B G K AR ST AR
AR R 0 UK T A8 ST S
LAY 5 ] (4 EE A5 7, DT 32 g - 38 BHL T 1 R IR R
O R ATROX T 42 DR K P 52 W, A X 6 30 R 42 o 7 4K
/NFEEIN . B Sa AR T A LT EE S 50 mm
I, ZKSF-BE A T B i s At 2k o Bdla ], A
T IREEAHE] I, 72 10 ~ 50 mm/min {3 B2 5 Bl ,
fih = P2 30 (0 BEL 7 i R B R R R A TR
BT 1A 1) 7K P B B B A v 1
3 7K BH %k 3 B 1) 728 Al B UG, 0 = 50 mm/min
A A% - 3ERH ST e v = 10 mm/min B} AT 34K 11.37%
AR 1 BB BE R AR AL AR IR, PR, AN 36 2%
T fih 02 3l B X KT BH T i 28 A B 59
RIS o IR R, 128 Sl BE AR R 477 2E HETE i
AR EAA A TR FR Y K F-BEL D e T (B Sk



Hi) FREF O A fih B KB A 127

BCE 7 A ol PRV S 28 A R I L A e A
R RITEAR R AR A A5 1F T, HETE i - B0 A
S HEIERE ST o

i i —a— (it
—o— (kiR

16 —A— {3
E —v— [FHHR R
é 2 - e el
_r.-\, | L 3 - & =
=

0.8

10 20 30 40 50
# HE (mmemin™")
() 3 HE R AT PR 8

(b) B+ B0
&5 3T K BH T B

Fig.5 Relationship between drag force and velocity
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