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Bionic Design and Experiment of Threshing Tooth Based on
Structure of Cattle Apex Tongue Filiform Papillae
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Abstract; Threshing is an important working operation in wheat harvesting process. However, low
threshed rate is an important problem restricting threshing operation, so it is urgent to innovate threshing
mechanism and improve threshing parts. Cattles were typical ruminants and their tongues provided a
natural biological model for bionic threshing. The filiform papillae was observed on the surface of the
tongue tip of cattle by scanning electronic microscope. The distribution density of filiform papillae was
large, and its structural characteristics were obvious. Its outline was conical, and its tip was
hemispherical. The filiform papillae was inclined and the inclination angle was 35° ~40°. The “papillae-
material” contact working interface was constructed, including four working steps of complete separation,
initial contact, papillae-material insertion and complete contact. Based on structural characteristic
parameters of filiform papillae, the bionic tooth model was constructed and the simulation test of bionic
tooth threshing was carried out. The optimal combination of parameters for bionic tooth threshing was
obtained. The optimal combination was 2.5 times magnify ratio, 15 mm/s movement speed, 38°
inclination angle, contact position for 0. 2 times the height of tooth form the whole place, Q345 material.
The bionic tooth threshing bench test was carried out and the threshing process was analyzed by camera.
The regression model and response surfaces were established by orthogonal test. Response surface analysis
showed that the threshing performance of bionic tooth was good, and the threshed rate was ranged from
97.5% to 99.5% . The optimal structure parameter combination of bionic tooth was obtained. The
magnify times was 2. 565, the inclination angle was 39. 8°, and the threshing clearance was 9. 11 mm.
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Fig.2 Schematics of contact interface between filiform papillae and material
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Fig.3 Schematics of bionic tooth model construction
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Tab.1 Bionic tooth model parameters

TR L BN

FHE LEE A » s
L i [i8] g2 [A]
X,/mm X ,/mm  h/mm 6/(°)
K s/mm w/mm
1.0 0.94 0.55 2.10 1.38 1.68 38 +£2.01
1.5 1.41 0.83 3.15 2.07 2.52 38+2.01
2.0 1.88 1. 10 4.20 2.76 3.36 38 +2.01
2.5 2.35 1.38 5.25 3.45 4.20 38 +£2.01
3.0 2.82 1. 65 6.30 4.14 5.04 38 +2.01
3.5 3.29 1.93 7.35 4.83 5.88 38 +£2.01

2.2 INEEMAOFERHE
N R A TR ZE AT AR (& 4a) o &



170 & A Bl B ¥ i

2019 4

Foll oy 22 R T AR AL S (] 4b) o R ROTEL
FERLRIT 27058 (5 2 15) , e B B 2K R, Y
R T SRRy B RERL B BEORL . TE 3 BT D
Az JUAREAE B, W 0 58 FURF R Sl — 44, DTG 7 46
BLE 4e FE 4d LA REE AL, AIE T , 2 B 0T
I3 3 W, T SR A s 0, Z B OCE M A
Jr & IAE R b (& 4e) s NN, B4ty 9 ~ 10
TR LR AR, S AR TR —
JE BB W 5, 22 BB OC S A I A R R
(Kl 4d) .
N N N

(b) (d) PrLIE

(c) EHLE

B4 pNEILMEHRER

Fig.4 Geometric structure diagrams of wheat
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Tab.2 Geometric features of wheat ear unit mm

R WUE S s SN i

o
"5 mw me mEd R TS R
1 13.10 9.40 9.70 11.50 11.20 3.70 5.20
2 12.56  8.60 9.22 12.96 8.74 3.84 5.10
3 14.90 9.70 9.80 11.60 10.70 4.60 4.82
4 12.96 8.70 7.46 11.48 8.64 4.40 4.50
5 13.60 9.50 10.30 11.10 10.50 4.82 4.30
6 14.56  9.70 10.10 11.58 10.40 3.54 4.50
7 12.80 9.40 10.70 12.10 9.90 3.20 5.30
8 12.30 8.80 9.80 11.38 10.10 4.10 4.40
9 14.70  9.62 10.30 11.40 10.50 3.34 4.20
10 14.20 9.70 8.60 11.70 9.42 4.32 4. 14
13.57+ 9.13+ 9.60+ 11.68+ 10.01 =+ 3.9+ 4.65 +
o
0.96 0.44 0.96 0.52 0. 84 0.55 0.43
x3 TEH LA
Tab.3 Geometric features of ear axis mm
s FEE SEEE( L) SEECT) BEE(ER) BEECT)
1 2.20 3.50 1.40 4.47 1.08
2 2.20 3.20 1.30 4.59 0.70
3 2.16 3.54 2.30 4.24 1. 10
4 1. 80 3.60 2.10 4. 68 0.90
5 2.04 3.62 2.20 4.29 1.04
6 1.90 4.02 2.10 4.29 0.90
7 1.76 3.10 2.10 4.84 0. 80
8 1.78 2.90 1.50 3.51 1. 10
9 2.30 3.30 1.90 4.91 0.90
10 2.26 4.10 2.10 4.16 0. 80
2.04 = 3.49 = 1.90 = 4.40 = 0.93 =
-1 {E
0.20 0.38 0.36 0. 40 0.14
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Fig.5 Diagram of simulation analysis contact
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Tab.4 Material properties of wheat ear and bionic tooth

SR INFE Q235 i Q345 B
A AL/ MPa 95 210 000 206 000
ER/N 4 0.233 0. 300 0.280
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Tab.5 Test analysis schemes and results of single

bionic tooth

TR 95 i fA Hf o wME ROKR

v

. L il B/ ¢/ (AR 81 @)
A (mm-s™") (°) D E/MPa y/Pa
1 1.0 5 38 0.5h 21.0 30. 66
2 1.0 10 38 0.2h 20.6 89. 80
3 1.0 15 52 0.2h 21.0 48.57
4 1.0 20 52 0.5h 20.6 42.25
5 1.5 5 52 0.2h 20.6 21. 68
6 1.5 10 52 0.5h 21.0 34.09
7 1.5 15 38 0.5h 20.6 68. 28
8 1.5 20 38 0.2h 21.0 31.83
9 2.0 5 38 0.5h 20.6  120.50
10 2.0 10 38 0.2h 21.0 80. 35
11 2.0 15 52 0.2h 20.6  131.10
12 2.0 20 52 0.5h 21.0 40.74
13 2.5 5 52 0.2h 21.0  130.50
14 2.5 10 52 0.5h 20.6 76. 81
15 2.5 15 38 0.5h 21.0 32.31
16 2.5 20 38 0.2h 20.6  143.00
17 3.0 5 38 0.5h 20. 6 42.90
18 3.0 10 38 0.2h 21.0 72.25
19 3.0 15 52 0.2h 20.6 80. 90
20 3.0 20 52 0.5h 21.0 47.16
21 3.5 5 52 0.2h 21.0  111.30
22 3.5 10 52 0.5h 20.6 40. 65
23 3.5 15 38 0.5h 21.0  125.72
24 3.5 20 38 0.2h 20.6 95. 63
;,'1 52.82 74.59 77.77  58.51  65.46

Y 38.97 65. 66 67.15 86.41 79. 46
Yj3 93.17 81.15
Yia 95. 66 66. 77

Vs 60. 80

Y 93.32

R, 56.69  15.49  10.62 27.90  14.00
R 20.98  6.97 7.54  19.81  9.94
T B, ¢, D, E,
FREER A.D E.C.B

I 13k B KAE, R 151. 7 Pa, IL{E K F 3 S 1T
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Fig. 6 Stress nephograms of single bionic tooth threshing
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Tab.6 Test factors and coding
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TR H 1] 2, f5UA 2y /() JRLIIBR 23/ mm

1.353 3.000 52.0 10. 50

1 2.935 50.2 10.29

0 2.750 45.0 9.70

-1 2.565 39.8 9.11

-1.353 2. 500 38.0 8.90
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Tab.7 Test scheme and results of bionic threshing tooth

% X, Iﬁ)lj X, JBi v R Y/ %
1 1 1 1 96.91

2 1 1 -1 98.72

3 1 -1 1 98.52

4 1 -1 -1 99. 11

5 -1 1 1 98. 81

6 -1 1 -1 99.15

7 -1 -1 1 99. 18

8 -1 -1 -1 99. 32

9 1.353 0 0 97.42
10 -1.353 0 0 98.25

11 0 1.353 0 97.52
12 0 -1.353 0 98.57

13 0 0 1.353 96.43
14 0 0 -1.353 99. 21

15 0 0 0 98. 05
16 0 0 0 97. 86
17 0 0 0 98.27
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Tab.8 Variance analysis results of threshing

performance regression model

L7 S F P
LAY 9.6482 x10 ~* 12.74 0.01
% 1.6025 x10~* 38. 06 0.05
%, 1.3451 x10°* 31.95 0.05
s 3.7822 x10 * 89.38 0.05
)%, 2.6645 x107° 6.33 0.25
) %3 4.608 x10 3 10. 95 0.10
%5203 2.5205x10°° 5.99 0.25
X 3.2667 x 1077 7.76 0.25
X 7.5436 x 10 17.92 0.10
3 3.0286 %107 7.19 0.25
PSR 4.71 x10° 2.24 0.25

;P-u)” °
46 N
Q OnYy
5 BECIVAN
730520 §

(a) 2,=9.11 mm

EL B ERL IR B 5 25 5 Ok A, i B — Wk 0 ) 2E
JBE AL 145 T T 4 %6 110 5% ) AR R K Ok RN A L
T, 5 R AL A R K E B 2. 565 i f
39.8° BERLEIPE 9. 11 mm, 54 [0 A KL RL (3) , ] 45
[ =1 A 0 00 [R] 22 o) o7 T A P 11 B 4 A R 5 T
(10 IR B B g, AR A0 i i T A A b 4 e R A T
97.5% ~99.5% Z[a], i F Lo A9 B RL 1E] Bt 2 A>3
6 DR R )3 AR O B3, 24 45 000 IR Y KR
BRI, 6 R R A B

P12 g 4y A6 B0 R 145 T 8 3 F3 A5 A A 0 3 1k L
WA B A2 Ak, D A IORL UG T 15 A 22 Bl B OG5 i i
Rk i 5 A 15 T 4 A 22 A 0 1 ) R (1B 122 ~
12d) , AH X328 Bl A2 1 15 A= 5 T % 22 B 20 o0 T A 0L

(b) %,=39.8

UL o] Y A 78 XA 2R o o T

Fig. 11 Two factors response surfaces of regression model
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Fig. 12 Bonictooth threshing high speed camera process
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