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Summary

When a tractor travels slope land, problems of operator safety and
the reduction of the job efficiency usually occur. T herefore maintaining
the tractor body being horizontal is critical to improve the security of
traveling and the job performance.

In this study, we developed self-leveling control system for a tractor.
T he adaptability of the control system was tested and investigated by
analyzing system response in time and frequency domain. The
experimental model showed that the implementation of the proposed
control and hydraulic power system to the prototype design of a slope
land tractor was feasible.

The designed front axle is center pin type and the rear is trailing
arm type. The front and rear wheel drive is transmitted by gears from
main shaft to final drive. T he leveling control of the body on slope land
is accomplished by controlling the height of the right and left trailing
arms with the electronic controlled hydraulic cylinder. The maximum
leveling control angle for roll is + 15° and for pitch is = 7° .

The safety of the designhed rear axle case was verified by computer
simulation. By using the optimized hydraulic power circuit and solenoid
valves, the cost was minimized and the performance was maximized.

To verify the performance of the slope tractor, it was tested on the

slope tester in laboratory and on farm and grain field.
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Fig. 2-1 The state of side overturning.
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Fig. 2-2 The measurement method of fist overturning
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Fig. 2-4 The relation of tan A and Y max
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Table 2- 1. Specification of tractor

Total weight 1660kc f

Front tire : 46%

Weight distribute rate .
Rear tire : 54%

Distance 1600mm

Front tire : 1100mm

Trend .
Rear tire : 1140mm

Center height of weight 600 ~ 1100mm

Rotating angle of Front
Axle

15

40 —
Y
20 ﬂli@m m |

10

0

T 156 1211 1266 1321 1376 1431 1486 154 1596
Trend(mm)

Fig. 2-5 Graph of first overturning angle
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30 1100mm
20
10
0
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Fig. 2- 6 Graph of second overturning angle
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Fig. 1- 7 The running state of a tractor on the slope
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Fig. 2-8 Callision of a wheel against an obstacle
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T able 2- 2. Specification of tractor

Slope angle(degree)

(a) Coefficient of restitution of the tire : 0.5

- 28 -

Trend 1100mm
Shaft distance of tire 1600mm
Total weight 1660kg
Center height of weight 600mm
Diameter of front tire 785mm
Diameter of rear tire 1153mm
Width of front tire 197mm
Width of rear tire 320mm
Weight of front tire 20kg
Weight of rear tire 40kg
= 600
=
= 500 |-
E.. 4.00 .
2 300 150mm
E 300 | \ = 100mm
':_:j 1.(M) 200mm B ncid
E 0.00
1 12 14 16 18 4 26 28 30
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(c) Coefficient of restitution of the tire : 0.7
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(d) Coefficient of restitution of the tire : 0.8
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Fig. 2- 10 Flow chart of control system
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Fig. 2- 11 Hydraulic circuit
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(1)

(1)
Q=AXxYV (1)
Q (Ipm), A () Vv
(cm /| sec)
d 5.1cm (
. 2043 ) . 20
0.7 - 1sec 20/ sec
, 2-12
2-12 20
82 mm ,
82 mm/ sec
10.05lpm

Qr = Ar x Vr = (2043 x 8.2cm [/ sec) x 60 / 1000 = 10.05 Ipm (2)
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2-14

Fig. 2-13. Operating force of piston displacement and weight

2-14 20
(82mm) 1769.14 kgf
Pr  Pr = 1769.14 kgf / 2043 = 86.6
(kgf /) . 50% Pr = 3965 x 15 =

129.9 (kgf / )

= 204X
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2o 1500 .
g8 ¥ =377x+ 1460

= E 1000 f
£z
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2B 500 |

s

-100 -8 80 40 200 0 20 40 A0 B 100
Piston displacementy numn}

Fig. 2- 14 Graph of piston displacement and piston operating force
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2-15 ,

2-3

2- 16

Fig. 2-15 View of Linear displacement sensor
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y =0,1504x + 1.3307
R = 0,9999

Chutpui(V)

“3h <29 -22 -14 -T2 0 7.2 144 21.6 288 36
Angle(degree)

Fig. 2-16 Calibration of Linear displacement sensor

T able 2- 3. Specification of displacement sensor

Model No LP-200F
Stroke 250mm
Registor value 2kQ
Straight quatity + 0.3%
Power supply 5v
Limited Midori
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T able 2- 4. Specification of Slope sensor

Sensor Tokai Lucas
Total Range + 60 + 60
L + 0.1%(10 to
Linearity + 0.1%( £ 60 )
45 )
Temperature Range
-30 to 65 C -20 to 60 C

(operating)

Response Time

0.3(Time Constant)

0.5(Time Constant)

Voltage
5 to 15V dc 05 to 30V dc
Supply(Range)
Scale Factor 30mV / Deg(normal) |356mV / Deg(normal)

(a) Lucas
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(b) Tokai Co. Slope Sensor

Fig. 2-17 Appearance of Slope Sensor

Horizontality 45 Rotation

Fig. 2- 18 Disassemble diagram of Slope Sensor

2-19
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(IBM PC 486- DX), A/D , , (12v,
5V)1 7 H H H H

1Hz

2-20 (IBM
PC 486- DX), A/D , , (12v, 5V),

1Hz

Fig. 2-19 View of step response equipment
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Fig. 2-20. View of frequency response equipment

I+

108 , +18 , =27

2

0.1Hz, 0.2 Hz, 0.3 Hz, 0.4 Hz, 05 Hz, 06 Hz 0.7
Hz, 0.8 Hz, 0.9 Hz, 1 Hz, 2 Hz, 3 Hz, 4 Hz
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+ 36 , + 36

2-5

Table 2-5. Calibration of potentiometer, Lucas sensor, T okai sensor

Sensor Calibration Equation R?
Potentiometer Y=0.04180X + 2.985 0.9999
Lucas Sensor Y=0.04006X + 6.070 0.9998
Tokai Sensor Y=0.03442X + 3.500 0.9998

Y : Voltage(v) , X : Angle(o)

+108 ,+18 , £ 27 ,

, 2-21 +18 01, 05 1
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Fig. 2- 21 Graph of step response under the angle of +18
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Sensor

Input
(b) Settling time
Fig. 2- 22 Graph of step response under the angle of

108 , 18 and 27

2-23 2

. 4Hz

18

0.5Hz

, 0.5Hz . 1Hz
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Fig. 2- 23 Graph of frequency response about Tokai co. sensor

under the angle of 18
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2- 24(a)
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Fig. 2- 24. Bode diagram of sensor under the angle of 18
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A/D, DIA
2-25
486 Computer %—D[Interrupt Generator
Y
A/D Board /A Board
v solenoide valve
sensors driving circuit
Fig. 2- 25 Electronic control part
2- 26, 2-27
2-27 D/A
(LM2901)
ON/OFF ,  ON/OFF
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1MHz Oscillator dumpsr

= CLKD
1 | B253 In
A/D Board
¢‘ QLT
741590
Ree |- »  ma 486 PC
IRCE

9 =y

\.

Fig. 2- 26 Interrupt Generator

Larie

Fig. 2-27 Solenoid valve driver circuit
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2-6 A/D, D/IA

Table 2- 6. Specification A/D, D/A board

A/D Board D/A Board
manufacturer Advantech Advantech
model PCL-818HD PCL-726
16 single-ended/
channel ) ) 6 channel
8 differential
conversion time 8 Y sec
resolution 12 bit 12 bit, double buffered
input range (V) - |+10, +5, +2.5,
bipolar +1.25
) ) software
input range selection
controlled
output range (V) -
P ] ge (V) +10, +5
bipolar
max. samplin
Ping 100 kHz
frequency
5
CAD
2-28
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Fig. 2- 28. Rear Axle

2-29
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LT 360D

2-30

(LG

2-7

Fig. 2-29 Front Axle

T able 2- 7. Specification of tractor

Feature Length x Height x Width | 3450 x 2050 x 1400 mm
Speed 0 30 km/hr
Performance
Draft force 250 kcf
Type Independent
PTO y_p P
Shift 3
) Front 8-16(4PR)
Tire
Rear 12.424(8PR)
Type Diesel
Engine Cylinder 4
Output 36HP / 2700 rpm
Weight 1660 kcf
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(a) Slope line travelling

o ﬁ\\-\.
I | I H=
P | & | | |
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(b) Contour line travelling

Fig. 2-30 Tractor drawing
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2-31

2-31

Fig. 2-31 Schematic of cylinder and linkage mechamism of a tractor
a 1), @

12 iX(s+_d9)f).

a ;= cos’ 2 ) (1)

(i%+ j*(s-_ds)?) )
2

a ,= cos

@)

- B8 -



(mm), j 1 (mm), s
(mm) ds (mm)
3
h = kcos(180° - a) @)
h (mm)
4)
n, = kcos(a - 909 4
n. (mm)
)
n = n,; + Dbasicdistance 5)
n (mm)
2-32 (6)
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* : .

Fig. 2-32 Schematic of a tractor at the front view

tan® = H ©6)
hi , h2 @, 8

h, = kcosa , @)

h, = kcosa ; ®

0 9

6 = tan '-2KSOS ©)

ijl
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+ 82cm 1mm

) 2-8

+ 26° + 11°
82.22mm +81.22mm
81lmm +81mm
+ 15° , +7°

2-33

Table 2-8. Specification of kinematic mechanism

Trend 1100mm
Shaft distance of tire 1100mm
i 492mm
i 90mm
k 292.5mm
S 500mm
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2057.78mm

E‘ 100

?.:: =11 —____#___.-.:—W-” :

5 0 —Cylinder-in-rear-wheel

= .50 e

8 -0 =

-150
-26 22 -18 <14 <10 6 -2 2 6 10 14 18 22 26
Angleldegree)
Fig. 2-33 Displacement of hydrarulic cylinder
2-34 . 0°
, 2280.09mm 26°
1904.43mm,

2400
- 2300 —_——
E 2200 e ===—mountain-side
T P e
2 2100 vally side
-E 2000 -
= 1900 '
=

1800

l?m | | | | | | | | | I

0

2 4 6 8 10 12 14 16
Anolel deorae)

18

Fig. 2-34 Shaft distance of tire about slope angle
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2-35

(b) Inside case
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(c) Outside cover

(d) Main case

Fig. 2-35 Element of Rear axle

2-36
(Symmetry)

(T etra)
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(a) Indoor structure

(b) Qutdoor structure

Fig. 2- 36 Modeling of case

2-37

(Tetra)
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Fig. 2-37 Modeling of shaft

(Symmetric) (X-Y Coordinate
Translation Free, X-Y Coordinate Rotation Constant, Z Coordinate

Translation Constant, Z Coordinate Rotation Free) ,

750kgf, 1000k gf
10 ,
20
(Symmetric) (X-Y
Coordinate Transla-tion Free, X-Y Coordinate Rotation Constant, Z
Coordinate Translation Constant, Z Coordinate Rotation Free)

1000kg
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28 kgi/ , 0.3
SCM 45 2.1 kgi/

, 0.16

(M
750 kgf
0.0262 mm 1.87 kgl . 2-38
1000 kgf
0.034 mm 249 kgt/

750 kgf 0.0208 mm

2.14 kgi/ , 1000 kgf
0.0286 mm 2.85 kg
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Fig. 2- 38 Result of Pull the cylinder force 1000kgf

(1)
2-39 1000 kgf
0.0181 mm
3.12 kgl . 10
0.019 mm 2.87 kgl/
20

0.0185mm 3.00 kgt/
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Fig. 2- 39 Result of Distributed force 1000kgf operated on bearing part

(1)
1000k gf
2-40 0.012 mm
7.13 kgt/ . 1000k gf
2-41 237X 10-4 mm 0.04
kgt/
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Fig. 2-41 Result of Distributed force 1000kgf operated on bearing part

1)

2)
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Self leveling

Self Leveling

Self leveling
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Fig. 3-1 Slope tester and Measurement equipment
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(a) Front View

(b) Rear View

Fig. 3-2 Slope Tractor
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(1)

10lpm
rom 1000, 2000, 2700
-12 ,-10 ,-5 ,5 , 10 , 12
A/D
(2
10lpm
rom 1000, 2000, 2700
+7 ,%12 0.02, 0.05, 0.08, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6Hz
AID
(3)
10lpm
rom 1000, 2000, 2700
-10 ,-5 ,5 ,10
A/D
2.
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10lpm, rpm 2000 10

3-3 . 3-3

0.6

80msec

3-4 10lpm, rpm 2000 + 10

0.3Hz

0.5Hz

2000, 1degres

15
o eylinder 2 Y y
i L Cantrol sgnal = - s . T U |
= oylinder | . !
%5 5 e L
o R 1ol sensor
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g N
g 5
L

14

] AW RO | 20 | A 2000 2400 R0
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Fig. 3-3 Step response graph of control system(10lpm, 2000rpm, 10
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Fig. 3-4 Frequency response graph of control system
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(c) Rear view

Fig. 3-5 Non- operation state of Self leveling control system
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(b) Side view
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Fig. 3-6 Operation state of Self leveling control system
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Fig. 3-8 Side turnning using Slope tester
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(c) Rear view

Fig. 3-9 Non-operation state of Self leveling control system
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(c) Rear view

Fig. 3- 10 Operation state of Self leveling control system
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Fig. 3-12 Test field
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Fig. 3-13 Test field view
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(b) Rear view

Fig. 3- 14 Operation state of Self leveling control system
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