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Design of Self-excited Vibrating Rotary Tiller and Analysis of
Its Performance in Reducing Torsion and Consumption
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(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
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Abstract: In order to reduce torsion and consumption in rotary tillage operation, a self-excited vibration
rotary blade device was designed based on the national standard IT245 rotary blade, and its working
principle was described. Through the analysis of motion force, the selection of large spring parameters
and the design of waist hole of spring spindle were completed. Based on DEM — MBD technology, the
simulation model of soil rotary tiller interaction was established, and the variation law of three-
dimensional resistance and torque of national standard and self-excited vibration rotary tiller under five
knife shaft speeds was analyzed. In the simulation test, the effect of drag reduction and torque reduction
was not obvious at the low speed when the cutter shaft speed was 150 r/min and 200 r/min. When the
rotating speed was 250 r/min and 300 r/min, the self-excited vibration rotary blade had better drag and
torque reduction effect than the national standard rotary blade. The vertical resistance was reduced by
6.96% and 10.41% , respectively, and the average torque reduction rate was larger, which were 9. 80%
and 19.63% , respectively. When it reached 350 r/min, the drag and torque reduction effect was
reduced. By analyzing the average torque of two kinds of rotary tiller simulation and soil tank test, the
correlation coefficients of the national standard and the average torque curve of self-excited vibration
rotary tiller were obtained, which were 0.997 and 0. 998, respectively, which basically verified the
accuracy of DEM — MBD coupling simulation model. The frequency domain analysis of the vibration
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acceleration data in the Y-direction collected in the soil trough test showed that with the increase of the

rotating speed of the cutter shaft, the amplitude of the Y-direction power spectral density generally showed

an upward trend. When the rotating speed reached 300 r/min, the excitation frequency reached near the

natural frequency of the installation in the Y-direction. At this time, resonance occurred, and the

amplitude of the Y-direction power spectral density reached the maximum value. At this time, the rotary

tiller obtained the maximum energy. The torque reduction was the largest, and the effect of reducing

torque and consumption was the best.

Key words: self-excited vibration rotary tiller; torque reduction; DEM — MBD coupling; frequency-

domain analysis; power spectral density
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Fig.8 Torque variation curves of two types of rotary tillage knives at five types of knife shaft speeds
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Tab.2 Simulation value of average torque of two

rotary blades at five rotational

speeds

BEBEIIRE IR/ (remin ') PIHIH/(Nem)
150 12. 88
200 15.97
E=L 250 22.15
300 27.05
350 30.37
150 13.36
200 15.20
H RN 250 19.98
300 21.74
350 28.42
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Fig.9 Structural diagram and site physical

drawing of soil trough trolley
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Fig. 10 Self-excited vibration rotary tiller
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Fig. 12 Soil bin rotary tillage test
L. HERSER IS 2 L 3. =RiEE 4. I8
5. 1A%

4 HWERSH

4.1 BxXZ

TR B 2 PR 0 AN [ o ) RO 7E
I DX AL B3, L 0.5 m x 0. 5 m AYIE T
TEARMETEM K X A BE ML T B, 3RS 47 5T
FRic, 26 256 2 P FH AR G X251 7 e | 07 1 - B
KB KT 4 em BYEH FER TR LR SRR

MO_MI
C=——%x100% (8)

MO
L C—+R, %
M,——0.5m x0.5 m [ BN 282 A +
Y, g
M,——0.5m x0.5 m [ BN e# 2Kl
KF 4 em HHTE g
T it 3 IR A5 BB B 5 | B 1 324
PEANFe 3 Fiow , 24 J1 k%4 3 A 150 200 o/min B, A
PR S BEAF AR T AR BER T 1 R 4,
M6 3H7E 250,300 v/min B, F AR SIHERE T By +
RIP R BT, HJGE SR E L 80K 350 v/min B,



60 | A 1 R A= S ¢

2022 4

AR
®3 rELEELX

Tab.3 Soil crushing rate of soil bin test %

TV i/ i %
(remin~") FEL bR e B 71 A AR Es /1
150 70. 54 71.25
200 73.08 73.86
250 76.71 78.96
300 79. 84 81. 65
350 77.03 78. 60
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o
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Tab.4 Average torque of two rotary blades

in soil bin test N-m
i/ $(k1ﬁ9’>$ﬂ]?ﬂ’ﬁ54 A:Fi’/ﬁﬂfﬁ ;
(remin-1)  [RRREHET] F!‘(%JEKJJ [ by e H‘«%I}EEJJ
Tk 1 I Tk 71
13.98 14. 46
150 13. 49 13. 88 13.90 14. 40
14.22 14. 86
18. 10 17. 40
200 18.92 18. 14 18. 15 17.49
17.43 16.92
25.40 21.74
250 25.60 22.46 25.71 22.39
26. 12 22.98
32.35 25. 89
300 32.97 26.51 32.45 26. 05
31.87 25.74
36.25 36. 09
350 37.09 35.02 36. 63 35.74
36. 66 36. 12
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Fig. 13 Simulation and experimental average torque

variation trend of two rotary blades
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Tab.5 Device modal analysis results

Hrik I A1 4514/ Hz I RADE AL/ mm
1 0.41 0. 155
2 10. 28 1.031
3 15.43 1.391
4 27. 84 1. 134
5 34. 04 1.812
6 37.25 1. 699
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AR 5, PR P st {8 B b AR 3 ( Fast Fourier
transform , FFT) 5 3] F[E F i K 4 15. 28 Hz, 54
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Fig. 14  Power spectral density of Y-direction vibration acceleration of self-excited vibration

rotary tiller at five knife shaft speeds
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Fig. 15 Relationship between average torque reduction

rate of self-excited rotary blade and power spectral

density in Y-direction
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