A Study on the Sensor-Embedded Hydraulic Cylinder for Offshore
Applications and Position Tuning Control of Multiple Cylinders
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A Study on the Sensor-Embedded Hydraulic Cylinder for
Offshore Application and Position Tuning Control of

Multiple Cylinders

Jin-Gyu Kim

Department of Control & Instrumentation Engineering,

Graduate School, Korea Maritime University

ABSTRACT

In this paper, an idea to comprise a sensor—-embedded hydraulic cylinder
for offshore applications was suggested. The idea not only includes a scale
processing method of piston rod using ceramic plasma coating by
Ti-ceramic and Al-ceramic, but also includes a remote detecting method
using two sets of optical sensors and optical fibers. And it includes
exclusive developing methods of circuit elements for the embedded sensor
amplifier. Based on the methods mentioned above, a practical
sensor-embedded hydraulic cylinder was developed and several experiments
were executed in order to verifying the effectiveness of the suggested
method.

There are two main advantages of the developed sensor-embedded
hydraulic cylinder. One is that the embedded sensor can detect the piston

rod strokes without time delay because light is used as a detecting

,iV,



medium, and it can be adapted to detect instantaneous high speed strokes
of piston rod owing to the surge pressure of hydraulic oil. The other
advantage is that the embedded sensor is robust against vibrations and
shocks during operations, by installing only optical fiber head on the
cylinder.

In this paper, a position tuning control method was also discussed, in
order to control the positions of multiple cylinders for high power and high
precision hydraulic control systems. The discussed method is to comprise a
tuning controller based on CPU in view of digital hardware and software.
To verify the effectiveness of the discussed method, computer simulations
were executed by using two different mathematical models as hydraulic
cylinder models. According to the simulation results, the discussed tuning
control method was turned out to generate differential tuning control signals
accurately. It i1s expected that the discussed method will be used more
effectively than the conventional mechanical tuning control methods in view
of accuracy and price burden.

A further study will be concentrated on experiments to analyze the
control performance quantitatively for a practical system which is combined
the suggested sensor-embedded hydraulic cylinders with the discussed

position tuning controller.
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(b) Shape after plasma scale coating
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Figure 55 Output signal of the photo sensor and trigger output
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Figure 5.6 Output signal of the AGC and trigger output
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Table 5.1 Parameters of two cylinders

Valu
Parameters | Dimension © Description of parameters
Master | Slave
A, om? 33.07 33.07 Average area
V, cm® 410 410 Average volume
A, cm? 50.24 50.24 Head side area of piston
A, cm? 159 159 Rod side area of piston
B, kof - s/cm 5.46 5.66 Viscous damping coefficient
L kgf/cm 55 59 Spring constant
Effective bulk modulus of
B. kaf]cm® 12000 12000 fluid
M, kaf - 52 /em 1500 1200 Total mass of system
Flow—pressure coefficient of
5
K, em®/kgf - s| 1.252 1.279 servo—valve
K, V/em 10 10 Gain of position transformer
Gain of servo amp, torque
3 ’
KKKy | n’/V-s | 9197 | 9342 motor and_servo valve
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EN, RN, AN EP, RP, AP

AN

—L 0] L ex , r~, ax

*

¢ . error about a setpoint
» . rate of change of error about a setpoint
«' . accelerated rate of change of error
EP : error_positive, EN : error_negative, RP : rate_positive

RN : rate_negative, AP : acc_positive, AN : acc_negative
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Figure 5.11 Input membership functions of the fuzzy controller
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OP : output_positive, OZ : output_zero, ON : output_negative
OPM : output_positive_middle, ONM : output_negative_middle
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Figure 5.12 Outputl, 2 membership functions of the fuzzy controller
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HA] Ao]719] control ruled Th&¥} 2T},
HA Alo] E5 1o tiafiA =

(R1); : if error = EP and rate = RP then output = OP

(R2); : if error = EP and rate = RN then output = OZ
(R3); : if error = EN and rate = RP then output = OZ

(R4); : if error = EN and rate = RN then output = ON

W 2L, HA Aol &5 2004 =

(R1)2 @ if rate = RP and acc = AP then output = OPM

(R2) : if rate = RP and acc = AN then output = ONM
(R3) @ if rate = RN and acc = AP then output = OPM

(R4), : if rate = RN and acc = AN then output = ONM

GR =12, GA = 001 & AAsIAT}
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Figure 5.13 Position control result for the master hydraulic cylinder
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Figure 5.14 Position control result for the slave hydraulic cylinder
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Figure 516 Simulation results of position tuning control for reference position 30cm
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Figure 518 Simulation results of position tuning control for reference position 100cm
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