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Fig. 2-1 Classification of vibrating soil cutting




4 JLBERZBEMAAE F18% $£15

Pz x-z FEOHE2RMEEARBEYEHT 5,
ZOBED B OHFRATH D,

2 FEALNEDEE

FEAL Y 57 2 OEFTH AR OCEE SR L
T, AU RERESR2T5, €D T 7 212
s B KPH m OENER X () ROEE G H O
WREM Z.() 2T h FhRATEI IS, 2O
B, FE¥rOBBEENRKELLRAY =0 &

T 5,
X.(H)=—asin ot [m] -
Z,(t)==* b sin wt [m] Q-2
BL, a:F¥rLoKkFEHElE [m]
b FEADOREIRE [m]
fREH (Hz)

w=2xf . 77V 7EBOBEE [rad/s]
Wi L TARSM 1 O, Z, 1A%
% LR 2 O, Z, XES
HitsHEm o, =0
ETHEOEE, a=0 »> Z XIES
B, FEAREBLTCWAREBTL T 7 8 %—
EOFEEE V, THITI B, 5E¥LDEE
M AR 2-2 A~D TR, ZOROESR, £
BY A7 VBT FEALDBERERENEAL oo
TWAHHETH B,
F € DK R OHESER X (O B BB
Z() BxEREhKATEREIRS,
X ()= V,t-asin wt [m] (2-3)
Z(t)==xbsin wt [m] @2-40
BL, MEETERTM 1 OR, Z 3A%
A ETHEBETR 2 OFF, Z. 135
Rtk m DR, b=0
LT HAOB, a=0 2> Z, XS

2} ¢ :Mixed motion |

2} A:Back 10 forwad motion

I—J\(xm.m x

¥} 8:Up and down motion

Z4 D :Mixed motion 2

(X(t),zt))

LN x
of N N\

(xen, z(0)
X
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Fig. 2-7 Draft force ratio obtained theoretically
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Fig. 2-8 Remodelled subsoiler No. 1. Cutting direc-
tional angle is adjustable for 30°, 15°,
0, =7, and —15°
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Fig. 2-9 Remodelled subsoiler No. 2. Cutting direc-
tional angle is adjustable for —90°
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Fig. 2-13 Geometical analysis to determine the
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Fig. 2-18 Calibration curve for the shank-moment
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Fig. 2-19 Corn index-depth curves of test field
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Fig. 2-24 Behaviour of soil cutting force obserbed
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Fig. 3-5 Behaviour of soil cutting force observed
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F, : Horizontal soil cutting force
F, : Vertical soil cutting force
F, : Non-vibrating soil cutting force
F.,: Theoretical horizontal soil cutting

force
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Fig. 3-7 Behaviour of soil cutting force observed
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Fig. 3-8 Behaviour of soil cutting force observed
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Table 3-1 The results of analysis of variance
travel cutting . . . . . B .
velocity V, dlrsﬁtglloenal factor excluding non-vibration including non-vibration

(m/s) (deg) Fo(=) P (%) RO | e
30° a 63.09** 83.4 14.38* 46.2

0.25 f 8.36 9.9 10.59* 33.1
) 15 a 148.37** 68.6 12.50* 45.6
f 63.49** 29.1 8.72* 30.6

30° a 46.69** 86.0 13.52* 49.6

0.60 f 3.43 4.6 7.711* 26.6
’ 15 a 85.26" 81.6 12.74* 53.8
f 15.01* 13.6 5.10* 18.8

20 a 10.89* 63.0 13.59* 47.2

100 f 0.51 0.0 6.80* 29.0
’ —15 a 56.31%* 88.4 13.14* 57.5
f 2.15 2.8 2.97 12.4

a: amplitude  f: frequency
F, : deviation ratio
p . ratio of contribution
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Fig. 3-11 Effect of cutting directional angle on
draft force reduction for winged-chisel
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Fig. 5-1 Free-body diagram of the tested subsoiler
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eration a; (rms)
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Fig. 5-15 Simulation for the effect of gauge wheel

location on vertical under-seat accelera-
tion a, (rms)
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Table 5-1 L1501 specification

Overall length 2.365m
Overall width 1.240 m
Overall height 1.940 m
Tread 0.94m (front), 1.0 m (rear)
Wheelbase 1.385m

Load on front wheel 3.85kN (393 kgf)

Load on rear wheell 4.16 kN (424 kgf)

817 kg

11 kw (15 PS)/2800 rpm

Gross vehicle mass
Rated power

Table 5-2 Speed selection

Selected gears 7th (AL H)
Engine speed 2450 rpm
Selected PTO gears 1st

PTO speed

freqency

540 rpm
9.0Hz
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Fig. 5-17 Example of oscillogram for soil cutting
force, chisel moment, shank moment,
and PTO-shaft torque
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Fig. 5-20 Behaviour of horizontal under-seat

acceleration
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Fig. 5-21 Behaviour of vertical front acceleration



42 B EAEEFHAINE $18% Hl1F

 lstsbare A /4. 204 /‘\%
VI VW

2 i;_
\AAANMAﬁ

[=]

%

AR
&

2% N
g | (0521,0160) .‘ek?
T 0] ]
g |

<

0 02 04 06 08 1.0
Time t (sec)

Fig. 5-22 Behaviour of horizontal front accelera-
tion

hic,

b) WiHERE) & BlEIRE | KA T A E L IE
ESE ) A RIRIB OBVIC L 5 TR & S INEE R
Bbsd, COHSXHHTRILHEEF v
X - THBET 5,

b7 2 A BEOEENE, LTIEE z . KR x
ZOWHERE L EGEREVER LSO TH 5,
I > CEFRMAMTOMEEHRME R, +5272%
BLMBEIBRFRE L, ETHER b 12 BRI
WE (s, h)=(—0.642m, 0.294m) THBHE
ERERMAETco ETHRMEE a. ZORHIT AN
BE oy ZRAD X 512D,

afz=1+$ls
ax=%+ hs
Rk, b72727av P RCOMEEHAMEY

Ay, hO=(0.933m, 0.284m) LT3&, 7rv
o ETHEMEE 6. R ORI AINEE 8,
KR TEI RS,

Be=2+
Bu=%+$h,

TR ATIED (b, B)=(1.549m, 0.078 m),

(—0.032m, 0.140m), (—0.521m, 0.160m) &

03 (1o, ho)=(1-549,0-078)

%
E
0.3 _y .
& éﬁl;{jmg motion (-0.032,0-141)
SN RN Y NN,
¢ [ 2 ASAAOVORI AN
'% Translational motion
@-03t
g 3 (- 0.521,0160 )
g L
of AAAAAAANA
VYU UV U VU
ot
0 02 04 06 08 10

Time t (sec)

Fig. 5-23 Vertical under-seat accelerations of
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motion
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motion
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Summary

1. Classification of Vibrating Soil Cutting and
Mechanism of Draft Force Reduction

1) Vibratory tillage tool can be classified as
either subsoiler or plow, according to the mecha-
nism of soil cutting. Each can be divided into 4
types, according to the cutting directional angle g,
such as back to forward motion, up & down
motion, a mixed motion of #>0° and mixed motion
of #<0°. It was clarified that g is the one of the
most predominant parameter as well as velocity
ratio and contact ratio.

2) For >0, the firm soil cutting force average
was much smaller than that of the non-vibrating
soil cutting force. This phenomena is not expected
by the previous model by Gunn, Smith and Yow.
For —15°<pg <, the firm soil cutting force average
was almost the same as that of the non vibrating
soil cutting force.

3) On retracting in loosen soil stage, soil cutting
force became almost zero for A>0°. However,
for —15°<g8 <", as the chisel moves upward, tilled
soil exterted its weight on the chisel. And on
advancing in loosen soil stage, as the tilled soil was
recompressed by the chisel, some resistance force
exterted its weight on the chisel. For £=30°, draft
force was reduced to 309% of non-vibrating condi-
tion and it was recognized as the suitable cutting
directional angle in terms of draft force reduction.

2. Effect of Amplitude, Frequency and Chisel
Type and Soil Type on Draft Force Reduction

1) In a previous in chapter 2, it was found that
the cutting directional angle g8 is the predominant
parameter for draft force reduction. In this chap-
ter, experimental analysis was conducted to know
how effective the amplitude and frequency are on
draft force reduction under §=30".

2) In the previous theoretical studies, draft
force reduction was described as the function of the
velocity ratio=21= V,/aw. Velocity ratio A con-
sisteds of amplitude and frequency. Experimental
analysis was conducted to know how effective the
amplitude and the frequency are on draft force
reduction. It was concluded that the effect of the
amplitude on draft force reduction was greater than

that of the frequency. At the same velocity ratio,
the draft force decreased as the amplitude grew lar-
ger.

3) To know the performance of draft force
reduction for different soil types, soil bin tests were
conducted on the silt loam soil and heavy clay soil.
These two soil textures were much different from
each other. The effects of velocity ratio A, cutting
directional angle B, amplitude ¢ and frequency
fwere almost the same for two different soil types.

4) Draft force reduction performance and vibrat-
ing soil cutting mechanism were compared for con-
ventional chisel and winged chisel. The effect of
amplitude, frequency, velocity ratio and cutting
directional angle were almost the same for these
two types of chisels.

3. Performance of Power Requirement

1) On vibrating tillage tools, the required power
for soil cutting is supplied as draft force power and
net PTO power. And the power requirement is rec-
ognized as the sum of soil cutting power and no-
load power. In this chapter, these two type of
power were investigated experimentally and theo-
retically.

2) As the velocity ratio A decreased, soil cut-
ting power ratio P increased. At velocity ratio A
of 0.3, P, was around 1.4 to 1.6 for ¢=15.9mm.
Total power ratio P, also increased, with the
decrease of A. At A of 0.2 P, was around 2.8 to
3.0.

3) Experimental investigation was conducted to
know how effective the amplitude and the fre-
quency are on power consumption. At the same
velocity ratio, power requirement decreased as the
amplitude became greater.

4. Dynamic Behavior Tractor-Vibrating Subsoiler
System

1) With the small tractor, tractor body is vi-
brated so violently that the operator cannot con-
tinue his work. Theoretical and experimental
study was conducted to investigate the dynamic
behavior of the tractor-vibrating subsoiler system
and determine optimal parameters for ride comfort.

2) Linear mathematical model of 3 degrees of
freedom was developed to describe the tractor-vi-
brating subsoiler system. The system parameters
were determined experimentally. Field tests were
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conducted to validate the model.

3) Parameter study was carried out to deter-
mine the effect of hitch point location(virtual hitch
point VHP), gauge wheel location and chisel loca-
tion on tractor body virbrations. It was concluded
that the effect of VHP was predominat on tractor

body vibrations for all conditions tested. This
effect was clarified theoretically and experimen-
tally. At the optimal position of the VHP, the
vetical acceleration under the seat was reduced to
1/4 of the acceleration at the inferior position of
VHP.



