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Design and Experiment of Bionic Digging Shovel for Tidal Flat
Buried Shellfish Based on Discrete Element Method

FU Shancan'? WANG Xianming'> CHANG Jingzi'® HUANG Bing'? YANG Lei'” WU Haiyun'"’
DING Zhengliang'®  ZHANG Tao’ JIANG Yongcheng'*
(1. College of Engineering and Technology, Tianjin Agricultural University, Tianjin 300392, China
2. Key Laboratory of Smart Breeding, Ministry of Agriculture and Rural Affairs, Tianjin 300392, China
3. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266000, China)

Abstract; In view of the problems of high digging resistance, low operational efficiency and severe soil
disturbance in the traditional harvesting of buried shellfish in tidal flats, a bionic digging shovel design
method was proposed based on the bionic characteristics of crab pereiopods, aiming to improve the
operational performance of digging operations. Firstly, the morphological structures and motion
characteristics of crab pereiopods were observed and analyzed by means of 3D scanning technology, and
key bionic elements such as the sharp curvature of the pereiopod extremities and the segmented surface
texture features were extracted. Secondly, the 3D structural modeling of bionic digging shovel was
completed through integration of extracted bionic features and physicomechanical properties of tidal flat
soil. Furthermore, numerical simulation of digging process was conducted via discrete element method
(DEM) to analyze the interaction mechanism and drag reduction performance between bionic digging
shovel and tidal flat sediment soil. Finally, a bench test device was established to carry out comparative
tests on digging speed, digging resistance and soil disturbance, to investigate the actual operational

performance of the bionic digging shovel. Simulation results showed that the bionic digging shovel had an
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average resistance of 151.42 N, with a drag reduction rate of 17.45% . Its average soil looseness was
33.43% , which was 6.91% lower than that of the flat digging shovel. Then, soil trench tests were

performed to compare the digging performance of the two shovels, with the average digging resistance

measured as 162.41 N and 189. 27 N, respectively. Test results indicated that the bionic digging shovel

decreased digging resistance and soil looseness by 14.19% and 4.98% compared with that of the flat

digging shovel, and its actual drag reduction rate was consistent with the simulation results, meeting the

drag reduction requirements for tidal flat shellfish harvesting.

Key words: bionic digging shovel; shellfish harvester; drag reduction characteristics; soil disturbance;

discrete element simulation
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Tab.1 Measurement results of triaxial dimensions

il

b

for buried shellfish mm
A5 TN 5T 5T
1 42 32 24
2 41 30 29
3 43 32 23
4 42 32 22
5 53 37 33
6 58 34 22
7 44 32 23
8 41 30 21
9 52 31 23
10 46 31 23
11 43 36 27
12 42 34 21
13 43 31 22
14 47 37 23
15 42 33 23
S 45 33 24
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Tab.2 Measurement results of density for buried

shellfish
D144 T £/ KRR/ KFE DR E/
i g cm® MAA/em®  (grem ™)
1 165.52 300 400 1. 66
2 164. 63 300 400 1. 65
3 163. 02 300 390 1. 81
4 149. 56 300 380 1. 87
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Tab.3 Simulation material parameters of sediments,

digging shovel and shellfish
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Fig.1 Three-dimensional model of buried shellfish
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Fig.2 Discrete element composite model for buried

shellfish — tidal flat sediment
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Tab.4 Contact parameters of simulation model

T WK I 2l P TR 2l e 45
I B 0.42 1.20 0.11
iypidnieS 0.10 0.10 0.30
M-Ik 0.25 0.37 0.28
Ji JFi— 65Mn 4 0. 66 0.70 0. 05
12— 65Mn 0.31 0.26 0.34
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Fig.4 Simulation experiment for buried shellfish

harvesting
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Fig. 6 Three-dimensional scanning and modeling

of crab pereiopods
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Fig. 10  Resistance comparison curves during

digging shovel operation
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vertical resistance during digging operation
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Fig. 12 Comparison of soil looseness during digging operation
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Fig. 14  Photograph of digging shovel during

digging operation

XiF AN () MG R B 1) 42 i ARl D 2B 2 4 5 1
SER VTR AR BEAR T - 3w b B, o HL 5 M R
DUAEL TR o 40 mm (% 39046 € B2 i, 0 A= 4% 48 5™
5 A 2 T WUB 45 44 ] 3kt A A0 A, £ A
ok 18. 18% it V- 18 #2 418 47 X 5% W 57 1 JC % 43 #
THEZ ), SR PR, LA TR
21.12% , 3o Wy A BE 43 3 JRUJVG BT 1 98 45 F A HIC, %
N DU LA A7 R IR 2 G B A BT . 60 mm ) A
VB, {5 A d2 i IO 51 51 5 £ P28z 8, +
HEW RS BT B b AE 32.13% , %545 5545 I b
11.31% o ~F- 1842 4 47 D00 D51 P 422 9 38 g 1 38 48 3
1B A 8 R AL & 36.23% . 80 mm K2
A IS, £ Az 47 45 45 A8 1T 248 15 4 9838 BE By , £ 48
B AA BE Ry 45.52% , 15 B 2 3% 1w U3 45 0 e A 0o
FNUR 2 A P R A 3B 1 19 B0 fb ki BE AL, O
T 25 4 47 D0 BT B g 3k o 5 3O 2 R B K i, +-
BB B 3K 48, 16% , 33 5 B AL 25 ) i R 4 e o



144

=/ m H E R

AR S 2025 4

DL B0 B2 Jir s O A2 W B 058, AN ) T DR A R B AT
S ARG TG H L, O A2 42 30 57 AR b s f) oF 2 4 3
BiAR BEREAR T 4.98% o £5 b, 5 AR 4248 57 908 57 ifi
5575 B SR URE 25 0 1 20 5 BT, R R B TR
JEN ST BN 0 2 4 BT 5 B A S AL
JEE | BE A% il 2 Uk DL SR LA A R W i) S PR AR R

JULERRE i S5 A2 O 7 A B3R S MR e B KR R B
BT L R K DU S B AL A, BT A 2R A2 4
B BT R WAL GE V- 12 B 45 R I E RN A2 Y
LB, 18 5 A0 S8 B4 6 BEL O B AR S e 3
W/ XUE A, 245 1 ol P e X 25 00 T 1% G 42 i
B, O R DL 2R ALAR fb R Wi A 1 42 4 2 T R

PET RS
(2) 3T EDEM B T Ji& i 25 oo iy 1k 5
AGURAE T 05 A 42 8 57 B 5 SR SR fE .

x5 TEMNLKBHEANELER
Tab.5 Resistance measurements result for soil

trench comparison tests

s DEREEFEEEE HATRFRW], BEAZ I8 40 mm JE 2 80 mm, fj5/:
SR maeoN maeN TTTE PEARGEAE A TR B0 H R 0 AL B, AR AL G5 T T
! 16317 191.07 14.60 IS 5 A 2 RS B9 2B J1 oA 151,42 N, g fH
j ]ngj ]jj;: ]j ;j Hk 17.45% 5 7 e 7540 57 10 F- 29+ 2 B B
) 159,01 18457 385 33.43% , WO T 424 5 > 6.91% o 45 2 42 4 4
5 171. 60 198.91 13.73 E@?Mﬁﬁ%*@ﬁ%ﬁiiﬁ%}iﬁ,%E&ﬁ%‘%ﬁﬂﬂ}iéﬁ 4
6 151.70 179. 63 15.55 REd 2 L R 4k 2, A O WA A4 T 97k 5
7 162.83 189. 00 13.85 VR RS 5T A AR ELAE AL, O i 22 5 2R 4t T A
8 158.96 185.73 14. 41 {E}EI/EW?E‘

9 157. 59 183.78 14.25 . . . e - N >
0 150, 68 — 12 28 (3) =N BN IR 8 9 — U5 T 05 A= 12 3
12 163. 09 192. 64 15.34 el T T O £ R AT TE o K S e E o 1 A )
PIE + bRifE2E 162.41 £7.20 189.27 £8.36  14.19 +0. 85 189.27 N, (5 A5 R -4 BH J1FE & 162. 41 N, -1
EL O S 6.0 WP O 14, 19% |+ HE B R W AR 4.98% , 1E
60 mm % 48 VR B i, 05 A 42 88 O 4% 1 51 5 1

6 it

FZan B, AN B Y AR 32. 13% , AR G A2 i

(1) DAtss g A0 2 g AR DR 5l ot =4S BPRRAR 11 31% il 2 W O LA DL 28 ML A A6 R i 4

FREL A R AR BUE RASmARBUIE WA Rm  EhRfEL R,
& % x

[1] ZHOU Cong, XU Li, SONG Hao, et al. The regulation of energy metabolism, antioxidant response, and ammonia detoxification
in hard clam, Mercenaria, under hypersalinity stress[ J]. Aquaculture, 2023, 563 (1) : 738916.

[2] WANG Yaxin, WU Haiyun, HUA Xiuping, et al. Biological characters identification for hard clam larva based on the improved
YOLOX —s[J]. Computers and Electronics in Agriculture, 2023, 212 108103.

[3] WANG Yuhang, LI Dongdong, ZHANG He, et al. Transcriptome analysis of Manila clam ( Ruditapes philippinarum) under
Vibrio parahaemolyticus challenge in a low-salinity environment provides molecular insights into immune response [ J].
Aquaculture, 2024, 548 . 740681.

[4] SAUREL C, FERREIRA J G, CHENEY D, et al. Ecosystem goods and services from Manila clam culture in Puget sound: a
modelling analysis[ J]. Aquaculture Environment Interactions, 2014, 5(3) : 255 - 270.

[5] LI Hangqi, MU Gang, ZHANG Guochen, et al. Design and testing of a mechanized brush-screen cooperative vibration harvester
for mudflat-buried shellfish based on the discrete element method[ J|. Frontiers in Marine Science, 2023, 10; 1134888.

[6] LI Hangqi, MU Gang, LI Xiuchen, et al. Design and testing of the clam vibration harvester’s V-shaped double-spiral harvesting
roller brush based on DEM — MBD[ J]. Aquacultural Engineering, 2025, 111 102582.

[7] RE5E, skEEE, 24, & HE-FREIFIEFRER RO 58 [ T]. R =4, 2025, 56(10): 71 -81.
WU Hao, ZHANG Guochen, LI Hangqi, et al. Design and experiment of chain tooth-plow subtidal bottom-sown manila clam
harvester[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(10) : 71 —81. (in Chinese)

(8] #aisk, ¥, TRH, % TArsF Az st 5im 7], AUk, 2023, 54(11) : 102 - 112.

CAO Chengmao, LIU Zhongbin, DING Wuyang, et al. Design and experiment of ning-guo radix peucedani bionic digging shovel
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(11): 102 —112. (in Chinese)
(9] RJEHE, B¥wsME, £—3b, 5. HETEHockn = bhAzsy ot 5imT]. RS, 2022, 53(5): 100 -



511 3] Al 2 - TR BT IR AW VR SRR DL 3 07 AR A2 MR B i 5 1 145

[17]

[18]

[19]

[23]

(24]

[25]

112.
ZHANG Zhaoguo, XUE Haotian, WANG Yichi, et al. Design and experiment of Panax notoginseng bionic excavating shovel
based on EDEM[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(5); 100 = 112. (in Chinese)
SRR, HIE, AR, S5 DURD Sk AR S UL B 07 A IR A SR AR BT S B BOoT i B[] Rk HLA s i, 2021,
52(9):3-10.
ZHANG Zhihong, GAN Shuaihui, ZUO Guobiao, et al. Bionic design and performance experiment of sandfish head inspired
subsoiler tine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(9): 3 —10. (in Chinese)
TANG Zhenyu, ZENG Zhiwei, WU Shuanglong, et al. Optimizing soil resistance and disturbance of bionic furrow opener for
paddy field based on badger claw using the CFD — DEM method[ J]. Computers and Electronics in Agriculture, 2024, 227
109549.
DENG Huan, DAI Fei, SHI Ruijie, et al. Simulation of full-film double-row furrow roller hole fertiliser application based on
DEM — MBD coupling and research on its water and fertiliser transport law[ J]. Biosystems Engineering, 2024 ,239.190 - 206.
LIU Lei, WANG Xianliang, ZHANG Xiangcai, et al. The impact of ‘T’ -shaped furrow opener of no-tillage seeder on straw
and soil based on discrete element method[ J]. Computers and Electronics in Agriculture, 2023, 213, 108278.
B, SREEBR, XL, 4. HET DEM — MBD {5 21 A9 3 DU 4R 3l R s det 5l [T ], R AU =R, 2024,
S55(#8T)2) . 361 - 370.
LI Hangqi, ZHANG Guochen, LIU Fawei, et al. Design and testing of mudflat shellfish vibrating harvester based on DEM —
MBD simulation[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55 ( Supp.2): 361 - 370. (in
Chinese)
XIE Fengze, PAN Guohua, ZHAO Weiwen, et al. Unresolved MPS — DEM coupling method for three-dimensional liquid-solid
dam-break flows impacting on rigid structures[ J]. Ocean Engineering, 2025, 323 . 120601.
TR BB By 2 ke S R AT A E BRI B (D] BT WRIL S, 2022,
ZHANG Jing. Research on physical and mechanical properties of headed Chinese cabbage and its crawler self-propelled
harvesting equipment[ D]. Hangzhou: Zhejiang University, 2022. (in Chinese)
TRAN. AL TSGR AL R R A R E AL BT SE [ D] ERT R S R OL R ,2023.
ZHANG Jie. Study on roller layout optimization design of round baler forming chamber based on rotary compression theory[ D].
Hohhot: Inner Mongolia Agricultural University, 2023. (in Chinese)
TRREE. PEER = RS L AEVAAR LM T AR SR (D] R RERAE, 2009.
ZHANG Qun. Study of method measuring poisson’ s ratio of cyclic triaxial specimens[ D]. Tianjin: Tianjin University, 2009.
(in Chinese)
REPIR, o, Phak4x, . BERE T =1 TAEBL g RAE ML S84k [T]. gl TR, 2017, 33(19) : 51 -58.
XIONG Pingyuan, YANG Zhou, SUN Zhiquan, et al. Experiment on three-axis working resistances of rotary blade and working
parameters optimization[ J]. Transactions of the CSAE, 2017, 33(19): 51 - 58. (in Chinese)
ZHANG Lei, ZHAI Yibin, CHEN Jianneng, et al. Optimization design and performance study of a subsoiler underlying the tea
garden subsoiling mechanism based on bionics and EDEM[ J]. Soil and Tillage Research, 2022, 220 105375.
ZHANG Hanbing, LI Pengpeng, ZHANG Haonan, et al. Design and experiment of cone disk centrifugal shellfish seeding
device[ J]. Frontiers in Marine Science, 2023, 10; 1136844.
HUANG Bing, PAN Hong, WANG Xiaomeng, et al. Parameter calibration of discrete element simulation for the interaction
between heavy soil and soil-engaging components in shellfish culture[ J]. Canadian Journal of Soil Science, 2023, 104 (1)
38 -53.
SIEMANN L A, DAVIS F H, BENDIKSEN T A, et al. Scallop dredge design using computational fluid dynamics and flume
tank testing and the application of both methods to improving a low profile dredge[ J]. Fisheries Research, 2021, 241,
105998.
MW, W SCH, fRaEE, S5 BT IR B S W AR R I TUACR AL &R AR ek [T ] Al BRI, 2025, 56(9) ¢
355 -362.
LIN Guichao, ZENG Wenyong, XU Yao, et al. Inverse kinematics solution for redundant picking robot based on penalty
function and Gauss — Newton method [ J |]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56 (9):
355 -362. (in Chinese)
EWEL, iy, KR, & BT RN =0 EZET RO ST RV AER, 2024, 55(H T 2) .
10 - 19.
WANG Fa’an, NI Chang, ZHANG Zhaoguo, et al. Design and experiment of Panax notoginseng bionic digging shovel based on
front foot of pangolin[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55( Supp.2): 10 =19. (in
Chinese)



