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Graduate School, Korea Maritime University

Abstract

In order to comprise a basic closed- loop control system for
hydraulic systems it is necessary to detect the piston rod
stroke of hydraulic cylinder. There are many conventional type
sensors which have been applied to detect the displacement of
cylinders. Several types of LVDTs and magnetic sensors are
representative illustrations of them. However, they cannot
reveal the original performance normally or they cannot be
applied at all where the operating circumstance of cylinders is
beyond specifications of sensors. Especially, for the purpose of
detecting the strokes of cylinders mounted on heavy
equipments, a special exclusive sensor must be used. Because
the operating circumstances of heavy equipments are so severe
that general purpose sensors cannot endure such circumstance

as a shock and a residual vibration induced by rough works.



In the conclusion, an exclusive sensor must be developed to
detect the strokes of hydraulic cylinders of heavy equipments.

In this thesis, an exclusive method for detecting the piston rod
stroke for heavy equipments is suggested, which adopts a
remote detecting technique using optical sensors and optical
fibers. To do this, first of all, a kind of scale treatment of piston
rod is required and it is also proposed here. An entire
implementation procedure of the proposed exclusive sensor is
explained concretely. A prototype of the sensor is resulted from
the procedure. And then, several experiments using the prototype
are executed for verifying the effectiveness of the suggested
method and the possibility of the remote detection. Finally, the
conclusion is demonstrated based on the experimental results.
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Table 1.1 Performance comparison of sensors

Operating | . . .
Specs. Vibration| Shock . Sensing
Temp. Resolution| A ccuracy .
Sensors () (G) (G) Time
) 25G 120G
Heavy Equipment -40 - 100 Imm below
above | above
JC40S
[COPAL -40 - 100| 15G 100G + 0.05%
(Japan)]
. LP- 100FP
Potentio
[MIDORI -13 - 176 15G 50G + 1%
- meter
(Japan)]
LP-10FBS- 3
[MIDORI -40 - 212| 10G 50G + 1%
(Japan)]
GYMTC-11
less than
[SANTEST -5- 60 6G 20G 1kHz
0.01%FS
. (Japan)]
v BTL-A
b [BALLUFF -20 - 60 50G 12bit 2kHz
(Germany)]
T AQLT
[Data Instrument |-40 - 152| 20G 50G + 0.05%
(America)]
K SSC- 050
Hall
[Kayaba -20 - 75 5G 90G 0.5mm
Sensor
(Japan)]
T S5000
20- 25,000
[TAMAGAWA | -10- 75| 10G 100G 200 psec
Pulses
(Japan)]
A2-E2
Encoder [U.S Digital -13 - 185| 20G 100G |10000rpm
(America)]
CE- 65 S ISI
(TR Electronic 0- 60 10G 100G | 6000rpm
(Germany)]
T S2013N94E23
7200 + 0.28%
Resolver| [TAMAGAWA |-30 - 100| 15G 100G 30 msec
Pulses | for 180°
(Japan)]
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Figure 2.1 A basic configuration diagram of sensor

for remote stroke detection
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Figure 3.1 A Process of scaling piston rod
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3.1 (Hunger )

Photo 3.1 Ceramic- coated hydraulic cylinder(Hunger Co.)

- tQ ' lm ¥

3.2 (Hunger )

Photo 3.2 Process of ceramic coating on piston rod(Hunger Co.)
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Figure 3.4 Output of optic fiber amplifier for chrome and ceramic
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Figure 3.5 Shapes of A and B phase for stroke increasing direction
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4 Prototype Configuration

4.1 LVDT

LVDT
, SANTEST LVDT
GYMTC- 11- A- 600- 24S- D

3.1 SANTEST LVDT
Table 3.1 Characteristics of SANTEST LVDT

Articles Specifications

Nonlinearity 0.05% below

Resolution 0.01% below
Hysteresis 0.01% below
Sampling

1kHz standard
frequency

Output signal
0- 10V or 10- 0V
(voltage)

Output signal

4- 20mA or 20-4mA

(current)
Supply voltage +15V+ 5%
) Probe -5 +60 /
Operating T emp.
Controller 0 +60
Vibration 6G M ax
Shock 20G M ax
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Figure 4.1 Configuration diagram of a prototype developed in this

thesis
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