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Electronic-hydraulic Hitch Control System for Agricultural Tractor
—Draft Control —
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S. N. Yoo, K. H. Ryu, Y. D. Yun

Summary

The purposes of this study were to develop an electronic-hydraulic draft control system for
tractor implements, to investigate the control performance of the system and the possibility of
adaptation to the conventional tractor. )

Experiments were carried out to investigate the responses of the system to the step and
sinusoidal inputs in draft control. The effects of control mode, hydraulic flow rate, reference
deadband, and proportional constant on control performance of the system were investigated.
Moreover, the effects of filtering signals from draft sensor were also investigated.

The following conclusions were derived from the study;

1. In draft control, there were hunting problems in controlling the implement without filtering
the draft signals. Filtering was performed by a control program of electronic controller and
the control performance and stability of the system were improved significantly.

2. For the draft control system operated on on-off control mode, draft was controlled within
27 — %55 kgf to the reference draft when the hydraulic flpw rates were 5—15 1/min. For
the draft control system operated on PWM control, draft was controlled within * 27 kg,
to the reference draft regardless of hydraulic flow rates.

3. In the frequency responses of the draft control system, control performance on PWM control
mode was not better than on on-off control mode because of characteristics of hydraulic
valve and drafe sensor. As the hydraulic flow rates increased for the system operated on
on-off control mode, the corner frequency of amplitude attenuation increased, but the corner
frequency of phase-angle change remained nearly the same. But, the system was unstable
beyond the frequency of 3.1 rad/s.

4. The electronic-hydraulic hitch control system developed in this study showed superior
control performance, stability and convenience compared to conventional mechanical-
hydraulic hitch control system. It is considered to be a superior replacement for the conven-

tional mechanical-hydraulic hitch control system.
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Fig. 2.1 Flow chart of on-off draft control with
dead band.
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bridge arrangement for measuring the draft
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Table 8.1 Experimental plot for investigating the responses of draft control system to the step inputs.

Control Flow Rate Filtering Dead Band, Proportional Remarks
Mode Qm (1/min) Level, N DBd (Kgf) Constant, Kd
5 1,10, 50 +40, 27, +13 - Lowering
Lifting
10 1, 10, 50 154, +40, 127 - Lowering
On-Off Lifting
15 1,10, 50 194, 167, 154 - Lowering
140 Lifting
5 1, 10, 50 0,17 0.8, 0.6, 0.5, 0.4, Lowering
0.2 Lifting
10 1, 10, 50 0, 27 0.6, 0.4, 0.2, Lowering
PWM 0.15, 0.13, 0.1 Lifting
15 1,10, 50 0, +34 0.27, 0.2, 0.15, Lowering
0.13,0.1 Lifting
Table 3.2 Experimental plot for investigating the responses of draft control system to the sine inputs.
Control Flow Rate, Filtering Dead Band, Frequency Proportional
Mode Qm (1/min) Level, N DBd (Kgf) F(Hz) Constant, Kd
5 1, 10, 50 t 27 0.02, 0.1, 1.0 -
10 27 0.15, 0.2, 0.5, 0.8 -
On-Off 10 1, 10, 50 + 40 0.02, 0.1, 1.0 -
10 1 40 0.15, 0.2, 0.5, 0.8 -
15 1,10, 50 1 54 0.02, 0.1, 1.0 -
10 1 54 0.15, 0.2, 0.5, 0.8 -
5 1,10, 50 t17 0.02, 0.1, 1.0 0.4
10 17 0.15, 0.2, 6.5, 0.8 0.4
PWM 10 1, 10, 50 t 27 0.02, 0.1, 1.0 0.2
10 + 27 0.15, 0.2, 0.5, 0.8 0.2
15 1, 10, 50 t 34 0.02, 0.1, 1.0 0.13
10 t 34 0.15, 0.2, 0.5, 0.8 0.13
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Step responses of the draft control system
operated on on-off control mode when
signals were not filtered (Rd: Reference
draft, Sd: Draft sensor output, Sp: Posi-
tion sensor output, Qm: Flow rate, DBd:
Deadband),

G L] FEwge] F o mIAsh WS

e WYL e A o ulo]



RN

1340 78.0
Qm = 15 I/min
1072} DBd = * 54 Kgf |
g g
; 2
T b =]
d 804} 438 &
g ©
g Lo g
£ 536 P hilae 20.2
Fi # Rd §
a " g
268 1| Sp 14.6 &
) sd
A L 1 A Iy 3 0
0 1 2 $ 4 5 6 1
Time in seconds
(a) Draft increase
1340 73.0
Qm = 15 I/min
DBd =t 54 "
u1072r Bd 5 Kgf o 58.4 8
a &
©
& k=
g 804 1438 .8
] 8
: g
& 536} M\ Sp 129.2 %
g H 3
= i,". \ Sd o
a bl 1k an
268 ;.';‘ At NI} 14.6
‘!I '||'!”I ,‘ Rd
ik
) 0

{

0 1 2 38 4 5 6 7
Time in seconds

(b) Draft decrease

Fig. 4.2 Step responses of the draft control system
operated on on-off control mode when
signals were filtered (N=10) (Rd: Re-
ference draft, Sd: Draft sensor output,
Sp: Position sensor output, Qm: Flow
rate, DBd: Deadband),
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Fig. 4.3 Step responses of the draft control system
operated on on-off control mode when
signals were filtered (N=50) (Rd: Re-
ference draft, Sd: Draft sensor output,
Sp: Position sensor output, Qm: Flow

rate, DBd: Deadband),
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Fig. 4.4 Step responses of the draft control system
operated on PWM control mode with
deadband when signals were filtered (N=
(10) (Rd: Reference draft, Sd: Draft
sensor output, Sp: Position sensor output,
Qm: Flow rate, Kd: Proportional con-
stant),
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sensor output, Sp: Position sensor output,
F: Frequency),
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Fig. 4.6 Frequency responses of the draft control
system operated on on-off control mode

with different flow rates {Gain plots).
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Fig. 4.7 Frequency responses of the draft control
system operated on on-off control mode
with different flow rates (Phasc-angle
plots),
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