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Abstract; Sandfish (Scincus scincus) has remarkable ability of moving forward swiftly below ground in a
swimming-like manner. The special geometrical feature of its head plays an important role in its excellent
low soil resistance behavior. To reduce soil breaking resistance and energy consumption of conventional
subsoiler, sandfish was studied and its head was chosen as the bionic prototype. Firstly, the reverse
engineering approach was adopted to extract the special geometrical feature curves of sandfish head. Then
the feature curves were applied for the bionic design of the subsoiler tine. Depending on the quantity of
feature curves and complexity of the geometrical models, three types of bionic subsoiler tines (B—S—1,
B-S—-2, B—S—3) were designed and compared with the traditional tine (T —S). Afterwards, the
discrete element model (DEM) was used to investigate and compare the forward resistance of subsoiler
tines. To validate the DEM simulation results, experimental samples were prepared for vertical soil
penetration test. The results derived from discrete element simulation were compared with the real
experimental investigation. The results showed that the simulation result agreed well with the real tests,
and the relative errors were 2. 47% ~3.91% . Therefore, the discrete element method could accurately
predict the soil resistance on subsoiler tines. On the basis of the validated DEM model, simulations were
further conducted to investigate the interaction between soil and subsoiler tines (B—-S -1, B—-S -2,

B—-S—-3, T—-S). It was found that all of the bionic subsoiler tines had lower forward resistance and
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vertical force compared with traditional one. At the operational speed of 0. 8 m/s and under the condition
that the tillage depth was 300 mm. As compared with T — S, the drag resistance of B—S—1, B—S-2

and B — S — 3 was decreased, respectively.

Meanwhile, the vertical resistance was decreased,

respectively. The B — S — 2 had the lowest forward and vertical resistance. As compared with T — S,

forward resistance was reduced by 8.34% ~ 19.31% . Therefore, it had optimum resistance reduction

performance. The simulation results revealed that the special curvature changes of the sandfish head had

an important effect on the resistance. With the bionic subsoiler tines, the flow pattern of soil particles was

optimized. In consequence, soil disturbance area was decreased and soil resistance was reduced.

Compared with the results of soil bin experiments and simulations, the relative errors were 10.83% ~

17.06% .
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Fig. 15 Effect of different subsoilers on total kinetic

energy in measuring box
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Tab.2 Soil moisture content and density at

different depths

+ R EE/mm BIKEK/ % THEEE/ (grem ™)
0~170 15.6 1.32
170 ~300 19.2 1. 40
300 ~ 500 21.0 1.51
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Fig. 16  Subsoilers for experiment

IR E R B RN R B IR )
MR R G S AR, I 17 iR o 50 B 2Rk &
A (F 17a) .S K JLBS — 1 $i7 JE AL A% (e 3 45 1L
LA LA F] ) OXMT — 808 — T U4 4 1 /i e (i 62
SRS ARAR) . WM 5% 6 4
S A JLBS — 14 AL S A AH % 45 (18] 17b) | ZE Rk o
T Hp b IR P 57 77 A 1 K 1 T R A 5 AR
SRR WL T, T AR Ry HLE A5 AE XMT — 808 — 1
L& T N S o i NN R 1 U1 A R S
AR I R SR ARSI 10 Hz,

(a) B A5 014
B17 A 5 4
Fig. 17 Experiment bench of soil bin
L% 2. WMy EsRE 3RS 4. Wing”
WS AR 6. s
3.2 tHERREHEERIL
e 3 MR L B 3 FOBRAE IR R BT A2 51
00 L5 U 5 R PE N 26 3 o o A ik R —
SE I TRAN ™ B 2% 5| ) 23 Bt 3 B A R B2 14 8 O T 4
R D5 A B AR T [ s o B A7 AR B AT D BELASCR | Dk
BHLAEH 5.74% ~9.64% . WG 1242 5] ) tE HF1E
TR — R It 2 Bt 27 iy 22 3 32 114 38 R 4 K, 15 28
PRI Ry 5. 34% ~8.85% o TE A TR HA H”
H, B =S -2 1 gl B R R B, HEREB - S -3 A
R3 AEMELEEMMERETHEESINRRBER
Tab.3 Experiment results of draft force with different

speeds and depths

W, EEE/ SO P A2 51 )1 /N

mm  (mes"!) T-S B-S-1 B-S-2 B-S-3
0.8 893.3 833.8 820.7 820.7
300 1.0 934.7 875.9 859. 1 859.1
1.2 975.4 919.4 893. 1 902.7
350 1.0 1084.3  1023.1 996.5 1006. 7
400 1.0 1216.3  1152.4  1126.1 1135.9




40 &l #Hl

Moo 2021 4

B—S— 1, R"S EDEM ff 4 R —2 i 55
- R B 5 22 I 7E 10, 83% ~17.06% 2 [a] .
33 FREERANTEEAINEREESHE

LEES 8T
3.3.1  FEEGTA TSI 5 05 B b ik

R T T A A EOHE A3 BT A7 A 57 AR U RELATL B )
i — 25 A 8 AR A 9 i R FH ) 25 FOOT LA A )
M, JF RO [F) 57 2 1 8 Al 1 53 A Sk 5 0
Qg 18a vz, 7505 A: B i i Bl b, K 455 100 3 4 Oy
fET 5 AR 5 0 A IR 2 98 20 mm, KO
70 mm, 38 5 PR R O T8 ARG 4 iR A
Wiiboox Mini Z& %1 3D 4TERHL (Fg 5t @A = 4ERH A
RN ED) SR A7 0 45, 31 60 M4 BE SR F AL 9 B A 28 RL 2R
FLER (PLA) JATEIAE BE 0.1 mm, H s PR & R 3 x
10* MPa, 25 il 5 & &7 100 ~ 150 MPa, %5 & 3 1. 26 x
10° kg/m’ , $i7 {158 & g 40 ~ 60 MPa, fiii T 96 & 170 ~
230°C , ffill 25 AR AN BT 18D TR .

(4

T-S B-S-1 B-S-2 B-$-3 T-S B-8-1 B-$-2 B-S-3
(a) Il i AU (b) 3DFTENH & AR

18 f5 A RN B 47 I I AT
Fig. 18 Specimen of bionic subsoiler tines

M T A7 0 I RE M FT B AL JZ , Rk S 3
56 BT felt FH B - U A T B A T 3 AR R L R R Y
LTRSS BRI 2, AL AR 3 mm #Y B
T 73 4 HERURE , SRS A ZE R K S KR
WA K FE R 17.5% ~18.5% K ik 56 ] -
HFE A 200 mm x 200 mm x 200 mm f{) 8k i+ FE dr
H TR R Y AR G R T 0 AR S5 R Y BLAR U AL
I3 AT D220 A e A IR B A 1 —
BB AR S, Bibs 58, 50 N 9 4Rk
PEATIESE o Al 19a firzs ,ffi ] P300 R4 i 1~ 7 fiE
IR AL (T R 28 55 07 0 B AR A R 2 ) ) ) 4
SRy, R E ) Tz s N 4 mm/s, i3 S 17 7
9 60 mm B fRIXAE SE At IR AR
FER AL GG A8 45 o 5 1 URE A 2 B i BT 32 1Y
SRRy fE, B MR B S ke, B
A 05 B RE Al AR DR )2 2 UR 25, 5 Foh
R JH 5 S0 RO AR [R) f R AR A, 1 A
W Iy AT 1) B 301 A 4 A AR MR T D 2
Ji ] EARZARA 29, B BOR AR N 3 mm, B AL
Az BUBURE 31 772 A 1 BT A UKL TR R E i 1 1
SESE L DR L RORE I B FOR RO K 2 S
T = 4R S A Workbench 1, 4% 42 3 B 2R H]

VU T A XA E AT R 4, PSRN B T mm - B
L1 P R~ e B AR 0L v e /N UK 1) o AR
I, WCE ORI 2.5 A5, B0 7.5 mm, SRS K
753 14 4 455 0 [ k% L. msh 48 X 5 A F] EDEM
WL 4 mm/s [P0 8 BB T B & 3F AW R
60 mm , X JLFRAS [7] 7 S 45 8 3 A5 )5 B . B T i
FLAE RS54 2805 S s — B0 (B 19b) .

() ST
P19 3 B BT A RIS IAEe 5 0) K
Fig. 19 Soil bin experiments and simulation
LR 20474k 30 b 4. Pl 5.l bl
6. GO 7. AR

(b) EDEM{jj 2

3.3.2 S50 EAE AT SR E

SN 5 A5 2 1 4 41 5T ABH R i £k an
Kl 20a iR . AEH AT, 76 A £ R B /N T 40 mm
B 7 A R 09 BT A BHL T B 1 o i R S R T
WA TS, %k, ZETR A 40 mm 5 H EiRAE 4
HEA 5, BB g 1 K /N T R T - S,
T-SMBLAR K, HIKEB-S—-1 fiB-S-3,
/N R B-S -2,

00r —ap_g —T-8
50 —O—B—§—1 ——B-S-1
2 ol 7832 ——B-5-2
R 40 —B-8-3 ——B-8-3
B 30
<2

1 1 1 1 ) ! 1 1 1 1 1 )
0 10 20 30 40 50 60 10 20 30 40 50 60

TR E /mm TR /mm
(a) S AT (b) fis L
[ 20 AN[R) 49 il 1 T BE ith 2k

Fig.20 Depth — force curves of specimens
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