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Abstract: The force measuring device is designed to the study of the relationship between vibration amplitude, frequency,
speed and traction resistance of the tractor If the design of the force measuring device which consists of a force measuring
frame and three octagonal ring transducers is successful, the goal of real-time monitoring of the traction resistance in the
process of vibrating sub soil may be reached. Also, the up, down, left and right margin of frame is designed to be
adjustable, so that different kinds of tractor could link up with the force measuring device. With the vibrating sub-soiler
machine, the vibrating resistance reduction experiments, which are mainly based on the change of the vibration amplitude,
frequency and the speed of the tractor, may be done. The three levels of the vibration amplitude, frequency, and speed are
as follows: vibration amplitude: 0.001 m, 0.002 m, and 0.003 m; frequency: 9 Hz, 10 Hz, and 12 Hz; speed: 0.1 m/s, 0.2
m/s, and 0.3 m/s. The experiment results showed that with the same speed and bigger vibration frequency, the tractor
traction resistance is small and when the amplitude is 0.001 m, the vibration frequency is 10 Hz, and forward speed is 0.2

m/s, and the tractor traction resistance is the minimum.
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1. INTRODUCTION

Scholars and researchers have done extensive research
about the study of the relationship between vibration
parameters and drawing resistance and great achievements
have been achieved in the field [1-7].

Li Xia et al. installed the drawing force transducer
between a drawing tractor and a hanging tractor passively
drawn behind. Measured the traction resistance of the entire
unit and then measured the traction resistance of the trailing
tractor. The subtraction of both is the traction. Besides, the
octagonal ring transducer which is linked to the test knife
through the rod on the one side and linked to the frame on
the other side is used by Zhao Xin et al. in the test of soil
reaction. Chen. Y ef al. designed the double extended
octagonal ring transducer force measuring device which
shows the traction resistance in its horizontal data [8-23].

The force measuring device is studied and designed in
the paper for the real-time monitoring of the traction
resistance. With the vibratory subsoiler, the experiments of
vibratory resistance reduction and the study of the
relationship between vibration amplitude, frequency,
forward speed and tractor’s traction resistance are done. As a
result, the optimal mode of vibratory tillage machine which
has good sub soiling effect and small energy is obtained.
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2. DESIGN OF THE FORCE MEASURING DEVICE
2.1. Design of the Octagonal Ring Transducer

The force measuring device consists of a force measuring
frame and three octagonal ring transducers. Also, the up,
down, left and right margin of frame is designed to be
adjustable, so that different kinds of tractors could link up
with the force measuring device. The vertical force,
horizontal force and moment could be measured by the
octagonal ring transducers.

The measuring range of the octagonal ring transducer
designed is 0-10 kN. Diagram of the octagonal ring
transducer is shown in Fig. (1). Material of the transducer is

40 Cr; yield limit is o =785MPa ; modulus of elasticity is
E=200 MPa; safety parameter is o =1.5.
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Fig. (1). The octagonal ring transducer.
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Under maximum load condition of the octagonal ring
transducer, the design equation is as follows:
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where, ¢ is distance of line of action of force F from
centerline of the octagonal ring transducer, d is distance of
line of action of force P from top surface of the octagonal
ring transducer, L is distance of the octagonal ring
transducer, b is thickness of the octagonal ring transducer, r
is mean radius of the octagonal ring transducer, F is
diametric force acting on the octagonal ring transducer, P is
tangential force acting on the octagonal ring transducer, n is
safety factor.

The design parameters were: b=170 mm, r=50 mm,
¢=600 mm, d=500 mm, t=20 mm, L=230 mm, h=5 mm.

(o)
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Its strength can meet the design requirement.

2.2. Calibration of the Octagonal Ring Transducer

The position of the strain gauge paste is shown in Fig. (2)
of the corresponding number 1 ~ 8. The strain gauge of 1 ~ 4
is for the test of the radial force bridge type circuit. The
strain gauge bridge circuit of 5 ~ 8 is for the test of the
tangential force.

Link the force measuring device and the vibrating
subsoiler; keep the vibrating subsoiler in place and use the
connectors to link the octagonal ring transducers one by one
with the up, down pull-rods. When the tractor drags the
transducer, it is pulled and the radial force is calibrated. The
tangential force is calibrated when heavy weights are loaded
vertically.

The relation curve of the load of diametric force and
bridge output voltage which is attained by using the Least-
Square fitting is shown as follow:

1=0.0164x,+0.3708, (4)
$7=0.0165x,+0.2722, (5)
$5=0.0163x3+0.2978, (6)

where, x; is the load of diametric force on the octagonal ring
transducer of upper link, x, is the load of diametric force on
the octagonal ring of left lower link, x; is he load of
diametric force on the octagonal ring transducer of right
lower link, y; is the bridge voltage of transducer of upper
link of diametric force, y, is the bridge voltage of transducer
of left lower link of diametric force, y; is the bridge voltage
of transducer of right lower link of diametric force.
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Fig. (2). The bridge circuit.

The relation curve of the load of tangential force and
bridge output voltage which is attained by using the Least-
Square fitting is shown as follow:

,4=0.0104x4-5.266, 7)
$5=0.0104x5-5.327, (8)
15=0.0102x4-5.365, 9)

where, x4 is the load of tangential force on the octagonal ring
transducer of upper link, xs is the load of tangential force on
the octagonal ring transducer of left lower link, x¢ is the load
of tangential force on the octagonal ring transducer of right
lower link, y4 is the bridge voltage of transducer of upper
link of tangential force, ys is the bridge voltage of transducer
of left lower link of tangential force, y is the bridge voltage
of transducer of right lower link of tangential force.

3. EXPERIMENTS

Vibratory subsoiler is mainly comprised of an eccentric
shaft, furrow opener, vibrating arm, subsoiling shovel, depth
wheels and etc. The eccentric shaft and vibrating arm are
vibrating components. Its structural drawing is as shown in

Fig. (3).
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1-Eccentric shaft; 2-Share shaft; 3-Vibratory arm; 4-Bar; 5-Depth wheels; 6-
Shovel head; 7-Furrow opener; 8-Scaffold

Fig. (3). Vibratory subsoiler.

The tractor passes power to vibratory subsoiler eccentric
shaft by the motive power output shaft, and keeps the
vibratory arm vibrating up and down by the crank
connecting rod mechanism. By this way, the subsoiling
shovel will be driven to vibrate and the soil digging will
occur. In the experiment, in order to realize the frequency,
the rotating speed of the motive power output shaft will be
changed and in order to change the amplitude, the
crankshafts with the different eccentricity will be used.

The test system includes force measuring device, dyna-
mic strain gauge, vibration measuring system, soil compact-
ness measuring gauge, data acquisition system, vibrating
subsoiler, and 35 kw-tractor. It is as shown in Fig. (4). One
of the three octagonal ring transducers installed on the beam
of the force measuring device frame tests the horizontal force
and vertical force of the pull-rod of the tractor. The other one
installed on the left post tests the horizontal force and
vertical force of the pull-rod of the tractor on the left. In the
same way, the last one installed on the right post tests the
horizontal force and vertical force of the pull-rod of the
tractor on the right. Octagonal ring transducer amplifies the
signal by the six channel dynamic strain gauge. The data
acquisition system gets the measuring data and the data
acquisition program will store the data in the computer after
processing. Two acceleration transducers will be installed on
the tractor driver's seat and the shovel arm of subsoiling
shovel, to test the tractor vibration and the vibration signals
of the soiling shovel.

Use the vibrating subsoiler to carry out resistance
reduction experiment in which the main influence factors are
the vibration amplitude, vibration frequency, the tractor
forward speed and the indicator is the traction resistance.
Then the effect of these parameters on the traction resistance
will be analyzed.

Taking three factors and three kinds of interaction, in
which each interaction occupies two columns, into
consideration, the number of the columns needed in
orthogonal table is 9. So the orthogonal table L27 (3") is
selected. According to the table of the interaction of the L27
(3"), the header design is designed. The three levels of the
vibration amplitude, frequency, speed are as follows:
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Vibration amplitude: 0.001 m, 0.002 m, and 0.003 m;
Frequency: 9 Hz, 10 Hz, and 12 Hz; Speed: 0.1 m/s, 0.2 m/s,
and 0.3 m/s. The data measured is showed in Table 1 and the
analysis of the results of the three levels orthogonal
experiment is showed in Table 2.

(@

1-The force measuring device; 2-Vibratory subsoiler; 3-Dynamic strain
gauge; 4-Data acquisition system; 5-Vibration test system

Fig. (4). Test equipment.

4. VARIANCE ANALYSIS

The Table 2 shows that the influence of the interaction
factors A, B and A * C, are of great significance for the
experiment results. The influence of the interaction of C, A
and B*B*C, is also of significance to the experiment results.
The experiment results are shown below.

(1)  When vibration frequency is the same, speed is 0.2
m/s, the amplitude is 0.001 m, the traction resistance
value is lower than the one when the amplitude is
0.002 m; When the vibration frequency is the same
and amplitude is 0.003 m, and forward speed is 0.1
m/s, the traction resistance is lower than the one when
the speed is 0.2 m/s, 0.3 m/s.
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Table 1. The experimental data.
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Test Number 1 2 3 4 6 7 8 9 Traction Resistance
A B (A*B)l | (A*B)2 A*0)1 | Aa*C)2 | B*O)1 (B*C)2 (kN)
1 1 1 1 1 1 1 1 1 3.1
2 1 1 1 1 2 2 2 2 2.51
3 1 1 1 1 3 3 3 3 3.05
4 1 2 2 2 1 1 2 3 2.49
5 1 2 2 2 2 2 3 1 2.37
6 1 2 2 2 3 3 1 2 2.66
7 1 3 3 3 1 1 3 2 2.87
8 1 3 3 3 2 2 1 3 2.8
9 1 3 3 3 3 3 2 1 2.9
10 2 1 2 3 2 3 1 1 3.36
11 2 1 2 3 3 1 2 2 3.14
12 2 1 2 3 1 2 3 3 3.23
13 2 2 3 1 2 3 2 3 3.17
14 2 2 3 1 3 1 3 1 3.14
15 2 2 3 1 1 2 1 2 3.19
16 2 3 1 2 2 3 3 2 3.34
17 2 3 1 2 3 1 1 3 3.18
18 2 3 1 2 1 2 2 1 32
19 3 1 3 2 3 2 1 1 3.01
20 3 1 3 2 1 3 2 2 3.12
21 3 1 3 2 2 1 3 3 3.04
22 3 2 1 3 3 2 2 3 3.03
23 3 2 1 3 1 3 3 1 3.13
24 3 2 1 3 2 1 1 2 3.07
25 3 3 2 1 3 2 3 2 3.11
26 3 3 2 1 1 3 1 3 3.18
27 3 3 2 1 2 1 2 1 3.15
Table 2. Variance analysis.
Source of Variation SS df MS F
A 1.05 2 0.52 72.5
B 0.15 2 0.072 10.0
A*B 0.15 4 0.036 5.0
C 0.06 2 0.031 4.2
A*C 0.81 4 0.203 27.9
B*C 0.04 4 0.012 1.64
error 0.05 8 0.007

(2)  When the speed is the same, the amplitude is 0.001
m, and 0.002 m and the frequency of vibration is 10
Hz, then the traction resistance is lower than the one

when the frequency is 9 Hz, 12 Hz. This is because
the soil is easily broken and traction resistance is
smaller when the vibration frequency is relatively
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close to the inherent frequency of the soil and the
system produces resonance. When speed is the same,
the amplitude is 0.003 m and the frequency of
vibration is 9 Hz, traction resistance is lower than the
one when the frequency of vibration is 10 Hz and 12
Hz.

CONCLUSION

The vibratory resistance reduction force measuring
device is designed in the paper. It’s up, down, left and right
margin of the frame is adjustable. Besides, it should be
linked to the different kinds of vibratory subsoilers and
tractors. The analysis results are based on the vibrating
subsoiler's vibrating resistance reduction experiments and the
orthogonal design and variance analysis. It shows that with
the same speed and bigger vibration frequency, the tractor
traction resistance is small and when the amplitude is 0.001 m,
the vibration frequency is 10 Hz, and forward speed is 0.2 m/s,
the tractor traction resistance is the minimum. When
vibration frequency is the same, speed is 0.2 m/s, the
amplitude is 0.001 m, the traction resistance is small; when
the vibration frequency is the same, the amplitude is 0.003 m
and speed is 0.1 m/s, the traction resistance is small. When
the forward speed and the amplitude are the same and the
frequency of vibration is 10 Hz, the traction resistance is
small. The study above shows that all of the three factors,
amplitude, speed and frequency all have significant influence
on the tractor's traction resistance and under special working
condition, the traction resistance is small. So the conclusion
is that the vibrating subsoiler's traction resistance will be
reduced, energy consumption will be decreased and
subsoiling effect will be better if the farming tractor has the
functions of amplitude modulation and frequency
modulation.
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