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Tractor Implement Attitude Control System

Using Microcomputer

PIEE", AR, &K
S.N.Yoo, S.R.Suh, D.J.Kim

Summary

This study was attempted to develop the eletronic— hydraulic hitch system for controlling the atti-
tude of tractor implements and to investigate control perfomance of the system through experiments.
Main components of the system developed in this study were reference inputs panel, inclination angle
detecter, electronic controller consisted of IBM—AT PC and interfaces, electro-hydraulic directional
valves and other hydraulic components and three-point hitch linkage. Experiments were carried out
to investigate the response of the system to the step and sine inputs. The effects of hydraulic flow rate
and dead band on control performance were analized. Attitude of the implement was controlled within
2.4—5.1 degrees to the setting attitude when the hydraulic flow rate was in the range of 0.25— 1.5¢/min.
And implement was controlled without rapid amplitude attenuation and phase angle change in the fre-
quency range of 0.02— 0.2Hz when the hydraulic flow rate was in the range of 0.25— 1.5¢/min. Control
performance of the system can be expected to be improved if the inclination angle detecter show rapid
and stable output as the implement moves.
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Fig 1. Block diagram of tractor implement
attitude control system.
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Fig 2. Flow chart for the attitude control
program.
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Fig 3. Hydraulic circuit for 3-point hitch
control.
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Table 1. Truth table of the signal for driving the solenoid of a directional valve.

Control D/O Solenoid
Mode QOutput 1 2 3 4 5 6
Position No Control off off off off off off
Lift Implement off on off off on off
Lower Implement off off off on on off
Attitude No Control off off off off off off
Incline Left off on off on off on
Incline Right off off on off off on
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Table 2. Specification of hydraulic components.

Item Specification
Pump Maker & Model Dong-Yang
Max. Flow Capacity 5.7 £/min

Flow Control and
Check Valve

Relief Valve

Directional Control

Valve

Maker
Model

Maker & Model
Max. Operating
Pressure & Flow

Capacity

Maker & Model
Allowable Voltage
Max. Flow Capacity

Tokyo Keiki Co.
FCG-02-1500

Tokyo, DGMC-3-PT-CW
140kg/cm?
30 ¢/min

Tokyo, DG-4V-3-7C-M
DC 24V +10%
308 £/min

Hydraulic Cylinder Maker & Model Myung-Jin, MJP-Ca 40
(for Attitude Bore 40mm
Control) Stroke 148mm
Motor Maker & Model Dong-Yang
Rated Power 5HP
Shaft Speed 50-1500rpm
= 25 AR AME ol 8 en, 2EE Table 3. Specification of the inclination sensor
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used for sensing the inclination of a

tractor implement.

Item Specification
stgon AAZ AA el THA A
z;f Zl.;zi Zi ™ F AdS T AR A Manufacture MIDORI
o Model PMP-45U
F9 SAY2E WAt A4S AN & e _ ,
Output Sensitivity Min. 2.5% Vin/10°
g 2= ZA7le AAAne @Ae 18 4% 2 Linearit -+ 45
ol b} A% HA A BALL T 5 ATk Y v
Input Voltage Max. 10V
. AARo] AlaEe] BEAE
#3712 Sample and Hold DeviceZ ¥ Mech. Angle £45
?jA]/D ﬂ;m: " e Sensitivity Max. 0.1°
Al E o E;o ANE ==
el YEAE T1E 5 T3 /A==
0z} BF7g2 ndy, fd32y v E2REE A998 F71(TD, FE3=e /3 Qw), BZ
FAE F4Re 4E5AHE 2ex geod el =7)(DBa), Al e (A7), fd
TR AAAA A 2He BFAEE 19 59 e 9 (Aa), FEEPE ] Wl gE
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Fig 4. Relationship between displacement of
hydraulic cylinder and inclination
angle of implement for attitude control.
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Fig 5. Block diagram of the attitude control system.
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Table 4. Experimental design for investiagting the response of control system.

Input Type Flow Rate Dead Band Frequency
(L/Min) (Deg) (Hz)
0.25 (1.2 Deg/Sec)
Step 05 (24 Deg/Sec) 0—=+6
10 (4.8 Deg/Sec)
15 (7.2 Deg/Sec)
0.25 +24
Sine 0.5 +39 0.005—2.0
1.0 +4.8
15 +51
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Fig 6. Step response of the attitude control system with no deadband.
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Fig 8. Sinusoidal response of the attitude control system at the flow rate of 1.0 1/min.
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