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Design and Experiment of Bionic Drag-reducing Rotary
Blade for Tea Gardens Based on Mole Claw Toes
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3. School of Engineering , Anhui Agricultural University, Hefei 230036, China)

Abstract; Aiming to address the issues of high resistance and energy consumption during rotary tillage in
tea gardens of southern hilly and mountainous areas, a drag-reducing design for a ditching blade was
developed based on the bionic physical characteristics of mole forefeet. Reverse engineering technology
was employed to extract the tip and lateral contour features of the middle three toes (the 2nd, 3rd, and
4th toes) of the mole forefoot. Gaussian equation and the fifth-order polynomial equation were used for
curve fitting (R*=0.998 6, SSE<0.008 5), followed by wedge simplification and tooth arrangement
optimization. Based on the fitting results, three types of bionic toothed rotary blades (types A, B, and
C) were designed. A tool-soil interaction simulation model was established in the EDEM 2023 discrete
element software, and the average torque and soil fragmentation rate of the conventional blade and the
three bionic rotary tiller blades under different parameter conditions were obtained. Multi-condition
performance verification was further carried out via bench tests and field experiments, in which the
forward speed was 0.5 m/s, the rotary tillage depth was 120 mm, and the blade shaft rotational speeds
were set to be 150 r/min, 200 r/min, and 250 r/min, respectively. Simulation results showed that the
average torques of the three bionic rotary tiller were reduced by 6.40% , 3. 73% and 5.08% compared
with that of the conventional rotary tiller blade, and the soil breaking rates were increased by 7. 09, 8. 82

and 4. 68 percentage points, respectively. The optimal drag reduction performance was obtained for type
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A bionic rotary tiller blade, and the best soil crushing capacity was achieved by type B bionic rotary tiller

blade. Bench test results indicated that the average torques of the three bionic rotary tiller blades were
decreased by 7.25% , 4.01% and 5.49% in comparison with the traditional cutter. Field test results

demonstrated that the average soil breaking rates of bionic rotary tiller blades A, B and C were measured

as 91.68% , 92.84% and 89.86% , which were improved by 5.39, 6.55 and 3. 57 percentage points

relative to that of the traditional cutter.

Key words: tea garden rotary blade; bionic; mole claw toe; drag reduction design
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Fig.1 Reconstruction of mole forefoot
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Fig.2  Contour fitting curves of mole claw toe tip
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Tab.2 Equation coefficients of lateral contour fitting curves for toe tips of mole forelimb claws
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Fig. 6  Finite element simulation results of bionic tooth
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Fig.9 Schematics of traditional rotary tiller blade
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Fig. 12 Measurement scenario of tea plantations

and soil compaction in hilly and mountainous areas
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Fig. 14  Simulation curves of torque for different cutters
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Fig. 15 Variation curves of average torque on cutter shaft of different tools under different working conditions
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Fig. 17  Variation curves of soil fragmentation rate of different tools under different working conditions
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Tab.5 Bench test results of cutter shaft torque
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fifE JIE C 0.5 120 200 12.39
250 14.30

4 HIE{E

4.1 RWEES5HH

B 1] € 46 76 1 1 i i B L R B 9 256 Bl R AT, A
5 8 FHRIT WAL, ERE I b LT H G 2%, Kk
L EE S kW, B AL BT i A KT 90 kg, SME R
(Kx%xBE)N1L.2mx0.6mx0.8 m, JJ] 4l ¥ #
150 ~250 rv/min, JF{HEE 0 ~0.3 m, o] i 34 75 [R
TREC UL TR IR, )5 an &1 19 f s o

19 ML 56 b 5
Fig. 19 Field experiment
4.2 HBEK®EIZIT
FH [R]85 4R UK A% 5 71 B 3 Fi i AR T B2
T RIETF I, TR A b i 75 0 4 PR
PR PR AS o B R R R I IR B O 12 em, B IRCHT
HPEEE R 0.5 m/s, 7E 3 Flfig #F 4% B P47 (150,200
250 v/min) T #EATHERF AR, B AR AT R SR T
10 m, Bl AL BEHURE Be AT FR 9 5 A DXl A7 i 4 o o
geit, ISR BCE 1
4.3 HBERKKEER
FEHERE ok I, >R B AIL HORE 15 ot T B s 1K 4 1
Al DB Y A S AT O R, B R R IX el T AR
0.5mx0.5m, #HFH AR F KT 30 mm £, 40
P 20 J 7 A T L SR T 4t L T o O 90 o), B b
A AN
P=(1-m/M) x100% (13)
K P—— T IEREE AR, %

B 20 A SERE 4 SR E

Fig.20 Determination of soil fragmentation rate
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Tab.6 Soil fragmentation rate test results %
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Fig.21 Field trial status
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