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Design of Dynamic Bionic Stubble Cutting Device and
Optimization Test of Parameters
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Abstract; Corn stalks are stout and non-perishable in Northeast China, which results in the low cutting-
out rate and high working resistance torque of the no-tillage planter. To improve the cutting efficiency of
corn stalks and stubbles, a dynamic bionic stubble cutting device was designed, which was based on both
the multistep serrated mouthpart structure and the moving mode of different-direction isokinetic occlusion.
The planetary gear mechanism and bionic cutting disc were designed through bionic construction,
mechanism design, theoretical analysis and parameter optimization; the intelligent driving system was
designed by using Arduino system and intelligent control method, and thus the coupling bionic of motion
mode and structure was realized. Moreover, the effect of structure and operating parameters, including
the number of blades, radius of gyration and forward speed,on the cutting efficiency and working torque
was studied via optimization test and regression analysis. The simulation tests results showed that the
dynamic bionic stubble cutting device achieved the optimal working efficiency when the machine speed
was 10 km/h, the radius of gyration was 250 mm, the number of bionic locust mouthpart blade in positive
rotation cutting disc was 9, and the number of bionic locust mouthpart blade in reverse rotation cutting

disc was 18. The comparative tests showed that for the dynamic bionic stubble cutting device, the cutting
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rate of corn stalks and stubbles were decreased with the increase of machine speed. The cutting-out rate

was the highest with a value of 97. 1% when the machine speed was 6 km/h, while it was the lowest with

a value of 92. 9% when the machine speed was 10 km/h. Compared with the passive notch disc and the

driving notch disc, the cutting-out rate of the dynamic bionic stubble cutting device was increased by
22.6% ~27.4% and 8.6% ~ 13.5% , respectively. Besides, the cutting torque of dynamic bionic

stubble cutting device was decreased with the increase of the machine speed. When the machine speed

was 6 km/h, the cutting torque was the largest with value of 60.5 N+m. Whereas the cutting torque

reached the minimum at the machine speed of 10 km/h with value of 54. 1 N-m. The cutting torque of

dynamic bionic stubble cutting device was reduced by 19.5% ~21.8% compared with the driving notch

disc. After the operation, the average surface roughness and the maximum wear scar depth were

decreased by 14. 5% and 15.9% ,

respectively, compared with that of the driving notch disc.

Key words: no-tillage planter; anti-blocking device; stubble device; dynamic bionic; orthogonal test
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Fig.1 Structure diagrams of locust mouthpart
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Tab.1 Planetary gear transmission mechanism
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Tab.5 Response surface experimental design and results

e X, X, X, FORTEFMR DIHIHIA/

FF5 - IR/ %  (Nem)
1 -1 -1 0 96.9 53.12
2 1 -1 0 92.0 31.23
3 -1 1 0 98. 1 60. 12
4 1 1 0 98.2 57.35
5 -1 0 -1 96. 8 49.24
6 1 0 -1 90.0 32.02
7 -1 0 1 98.9 60. 13
8 1 0 1 97.6 55.75
9 0 -1 -1 90. 8 32.34
10 0 1 -1 94.8 42.84
11 0 -1 1 95.9 45.69
12 0 1 1 96.0 58.38
13 0 0 0 96. 1 53.07
14 0 0 0 95.1 52.38
15 0 0 0 96.9 53.69
16 0 0 0 95.8 54.38
17 0 0 0 97.1 57.12

Y, =54.10 =5.78X, +7. 04X, +7. 94X, +

4.78X,X, +3.21X,X, —4.06X; -5.23X;  (13)

Xof o1 349 K FE AR A ) W % g B B 72 o 1Y
TR Z ot 7R, E 2R OR, XX, X
X X, X Xy X5 X5 S0 2 K G AT MR 470 B 56 5% iy
YIREBEW (P <0.05), 43 P {H 7 0.246 4,1
SR P>0.05, [ H AR, T RS KIER
FERBOEGEF 1, R BRI E B AR R
FE R 10. 727, KT 4, 3R WZ a1H 5 R 78 B 1 Bl i
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Tab.6 Variance analysis of orthogonal test result

Wz Wz Ah

LD kI CFOrM B B g d
BB 105.19 9 11.69  11.95  0.0018
X, 20. 80 1 20.80 21.27  0.0025
X, 16.53 1 16.53  16.90  0.0045
X, 32.00 1 32.00  32.71  0.0007
X, X, 6.25 1 6.25 6.39  0.0394
EkFE X, X, 7.56 1 7.56  7.74  0.0273
FIRE XX 3.80 1 3.80 3.89  0.0893
MR X 0.32 1 0.32  0.33  0.5862
X2 5.81 1 5.81 5.94  0.0449
X3 11. 46 1 11.46  11.72  0.0111
afiiR?%  2.68 4 0. 025
SR 4017 3 0.065 2.07  0.2464

S 112.04 16

Bi%l  1496.48 9  166.28 38.44  <0.000 1

X, 267.50 1 267.50 61.85  0.000 1
X, 396.35 1 396.35 91.64 <0.0001
X; 50419 1 504.19 116.57 <0.000 1

X, X, 91.40 1  91.40 21.13  0.0025

A XX, 4122 1 41.23  9.53  0.0176
it X, X, 1.20 1 1.20 0.28  0.6148
A X2 0.71 1 0.71  0.17  0.6967
X} 69. 43 1 69.43  16.06  0.005 1

X3 115.20 1 115.20 26.64  0.0013

i 12.68 4 3.17
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Kl RERBGRIERE REHHEE T 1, K
M7 RS AR L RSB 18,78, R T 4, £ W]
Z 1A 5 B AR BTN T BE R AF o 4% PR X R
FEARFE D) T 24 8 2 P 189 52 0y R B /MR IR = 7 18
LISRE S AN ¢ N EUE Y e (/B0 38
3.2 BHMHNRBERSTSITiE

g 3 IR 1A R O ZKF, T i
HNTITRER T (S b SO REW T ik iN b A IR B
YEM o iz ] Matlab %% {4 %} Design-Expert %% {4 5K t}
o Il E 5 BEEAT S0 B R E SRS .
3.2.1 & PR X 24 KRS AR AR 2E DD T R

PAPYRES

[t 7 Al 3 3 0 8 kem/h I [ 2 A 1 47 e
RECPINE S SR S Y I ES PV
Y, =97.20 — 1. 44X, -2.00X, — 1. 18X, - 1. 65X;

(14)

[E] 1 11 5% 242 R Sy 250 mm [, Al 38 B2 47

PR g ) R S R RS AT AR E DI R SR N



% 10 1)

PUHETR AF o SUBHE AR B3 A U5 AR B B BT 5 2 R0k b 111

Y, =97.20 - 1. 61X, =2. 00X, + 1. 37X, X, - 1. 65X’
(15)
[#6] 5 5 W ML 188 ) v Bos My 8, 4R Ml 3 B AN

Bl 242 5 FORFE PR AE VW R R A
Y, =97.20 - 1. 61X, —1.44X, +1.25X,X, - 1. 18X’
(16)
H 14 F(14) ~ (16) B H1, = R R X F 3

+ 05 05
1.0 o

]

FORTEATARTE VI Wy R BoA 5 M0 (P <0.01),
AR b 32 B2 73 531 5 [ 2~ A R )y e el 11 85 D0 1 RO
AT SSEAR I Tl 2 A2 7 88 R 1 ) R B0 Z )
ToSEHAF I o 13 T KA AT AR A VD 87 5 B 2 117 ol 2
JEE BRI R T T A A A 0 % 5 B T e o A
(9 TR, H b TR g e 2% 5 Bt 7 R
o 1A o s L7, H B TR SGE A

RRES i)
e bR

a
i

0 = -0
& -0.5 e 05y
v 1.0 i

P 14 45 R0 ST 249 o SRS T AR A 110 0BT 245 i 4 ) 37 1 T
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Tab.7 Software virtual computing optimal parameter combination scheme and corresponding effect

e Ay 8/ Il 2 42/ E et ) py i st R AR AR Ik KRV P
(km-h™") mm VD e Ve Y 3R/ % (N-m)
1 6 222.55 8.36 98.9 52.13 0.976
2 6 223.70 8.23 98.8 51.72 0.976
3 6 224. 81 8.28 98.7 51.03 0.976
4 6 223.19 8.32 98.7 51.22 0.976
5 6 219.29 8.26 98.9 51.36 0.975
6 10 250. 00 9.00 98. 8 49. 62 0.975
7 10 250. 00 8.94 98.8 48.32 0.975
8 10 250. 00 8.91 98.7 48.11 0.974
9 10 250. 00 9. 00 98.8 49. 80 0.972
10 8 237.62 8. 81 98.7 50. 84 0.969
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