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Design and Experiment of Self-exciting Vibration Deep-loosening and
Sub-soiling Machine

Zhang Junchang Yan Xiaoli Lin Zekun Zhu Ruixiang
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To reduce operating resistance and improve the stability of deep-loosening, a self-exciting
vibration deep-loosening and sub-soiling machine with controllable cutting angle was designed. The range
of the cutting angle was controlled in 19° ~25°. To optimize parameters of elastic component and validate
the effect of drag reduction, the experiment in the soil bin was carried out, furthermore, the field
experiment of operation quality and performance of the machine was conducted. The experiment in soil
bin showed that the parameter of elastic significantly affected the resistance reduction, when the stiffness
of the elastic was 194 N/mm, the traction resistance can be reduced about 29. 8% . Also the effect of
elastic component parameters on the drag reduction was significant, and under the condition of self-
exciting vibration, with controllable penetration angle, the traction resistance was decreased by 8.9%
than that with uncontrollable penetration angle. The results of the field experiments showed that the
qualified rate of sub-soiling depth was 100% , stability coefficient reached 95.49% , the average of soil
fluffy and soil disturbance coefficient were 19.34% and 56. 62% respectively, the land surface was flat
after sub-soiling, and the average of the soil crushing rate was 76. 4% . Moreover, the trafficability in the
period of the test was good, and the machine met the subsoiling technical requirements in double-
cropping area in northwest China.
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Fig. 1  Structure diagram of 1SZ — 190 deep-loosening and

sub-soiling machine
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Fig.2  Structure diagram of self-exciting vibration
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Tab.1 Parameters of spring
BE PR ER W AdheE WES RKANE
d/mm D/mm H/mm  (N.mm~') JE&/mm
I 14 85 220 95 79
I 16 80 220 194 61
18 75 220 378 48
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TR B 1R 50 32 B4 3 B 7 A =57 4 IO 57
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FEE T IOR 5740 W AT DAAR R AR B B BRI 4, 4
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IO RN B B VR BE T BN, AR BT TR I R
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Fig.4 Structure diagram of deep-loosening shovel
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Tab.2 Data of traction resistance test

ZH To 5% I I i}
AL as(°) 24 GE IR RN N E - E
A + 4779+ 3885+ 3357+ 3656+ 4560«
i 22 /N 258 194" 162°¢ 188 226°
BHL 1 F W 3/ % 18.7  29.8 23.5 4.6

A — A7 P AN [ B 5 B 3R 22 S i 3 (P <0.01) ¢

3.1.3 LA E Rt
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SRR b AR R TG IR 2 22 5| BH ) B AR )N A2
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Fig.7 Curve of traction resistance
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Tab.3 Result of deep loose depth

SH AR BEEE WM BRER OREMNR
J&/cm J&/cm J&#/cm B/ % B/ %
LR 40.9 7.0 33.9 4.72 97. 62
T2 38.3 5.2 33.1 3.84 93.36
3 38.6 5.9 32.7 5.11 96. 40
T 4 40.2 4.6 35.6 4.35 94.57
EHE 388 5.0 33.8 4.51 95. 49

JIr TR A TR BE#B R T GB/T 24675. 2—2009 1Y
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Fig. 9 Determination of soil bulkiness and

disturbance coefficient
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Tab.4 Data of soil bulkiness and soil disturbance

coefficient test

TR RS

T H Ay/em® A em® A /em’ )
/% B %
781 1359.67 1137.33  671.67 19.55  59.06
722 1073.00  883.33  512.33  21.47  58.00
f7FE3  1293.67 1073.00 585.33  20.56  54.55
L4 999.00  863.00  473.33 15.76  54.85
TR 1181.33  989.00  560.67 19.34  56.62
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Fig. 10 Soil profile map
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