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A Study on PWM Control of Hydraulic Cylinder Using High
Speed Solenoid Valve

Sung-Hwan Park,” Jin-Kul Lee**

ABSTRACT

The conventional PWM method, which was used in controlling the on-off valve, such as
high-speed solenoid valve, was modulating the width of the pulse applied to the valve, by
selecting arbitrary sampling time and modulating the duty-ratio in proportion to the error.
However, in this methed, a selection of long sampling time was inevitable and it was unable
to get a high accuracy and a quick response. This study is for designing an appropriate con-
troller for high-speed solenoid valve by proposing an improved duty-ratic modulation method
using the Saw-toothed Carrier Wave which enables a short sampling time selection, high accu-
racy of control, and a quick response. Test which was carried out in the laboratory shows
that transient and steady state response could be improved by PID controller.

Key Words : High-Speed Solenoid Valve (&A1), PWM Control (B2% WZA o), Electro-
hydraulic Position Control System (871§ Ao} A A=),
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Table 1 Specifications of Experimental apparatus

Instruments Specification |Manufacturer| Model number
1745 [rwml
Blectric Motor | 172 "F0 |HYO SUNG|  TEFC
[Hydraulic anp 348 fem’/rev] | DENISON {PV15-2R1B-CO2
Hydraulic "
Systum | Relisf Valve |10~350kgver] é’g{%@a DBL0-1-40/350
s-Filter 3 umd UCC-Filter
Cylinder Double Rod | HYBOPSUNG
Displacement max.range R
Sensor z ieal” |FEEDBACK|  LVDT
: HRWLETT
Osclloscope | 200 Mzl | PRl ciet | HP 546004
Measuring HEWLETT | HP Think Jet
Deviee | XY recorder PACKARD 22954
Multimeter FLUKE 26004
IBM FC ]
Controller | /e |CPU 2 [MHA | LEM  |LEM USER 486
ABD/O 12 bits ~
VO Device| A0/ 150V] mengo PCL-TI8
Inpey, | Flnction PHILIPS PM5IZ
Constant TIC
Power | ioimge Power TAKASAGO|  GPOE0-2
Supply | Supply
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Fig. 4 Schematic diagram of the electro-hydraulic
position control system for a mathematical
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Fig. 5 Characteristics of the high-speed solenoid valve
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Table 2 Parameters of the system used in computer
simulation for electro-hydraulic position
control gystem

Parameters Value Dimension
Yo 012 cm
d 057 em
High-spaed
solenoid valve 4 0785 rad
T 2 .ms
Tz 63 ms
Actvator | Cylinder A 276 em®
Sensar | Displaceroent X 184 V/em
M 0.054 kg sem
Lasad Cylinder B, 2 kar s’em
K 400 kg /em
PWM in
Poportion to T ®n ms
Sampling eryor O
Time
Tmproved T 05 ms
2(10), (11), (12), (13)7 Zeon, HFH A&dH0|

Ao Agd Axgel sErEe gEd
YER AT,

Table 29

aB(®) _

L - 2 (0, C, (RO B ~C, B0
A, d’;(t‘)) (10)
dF,() _ K, B
dr V() 2
dx(t)
250 an
EO 0 (12)
dx (t) A B _x
202 0-2n0-Tn0 @
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Fig. 6 Schematic diagram of pulse width modulation in proportion to error
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Fig, 8 Experimental results of PID control when
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(Improved pulse width modulation)
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