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A Study of an Automatic Tip-to-Workpiece Distance
Control System for Plasma Arc Cutting

Jin-Mo Ku*, Jae-Woong Kim**

ABSTRACT

Plasma arc cutting is one of the most widely used processes in metal cutting fields and is a process that
produces parted metal plates by cutting them with an arc plasma established between the electrode tip and the
plate(workpiece). When the tip-to-workpiece distance varies during cutting, the cut quality, for example the kerf
width, is deteriorated by the change of plasma arc. The variations of tip-to-workpiece distance are due to the
different factors such as inaccuracies in setting the torch or workpiece, thermal distortions during cutting, and
uneven surface of workpiece. The control to keep the tip-to-workpiece distance constant is thus indispensable to
improve the flexibility of automatic plasma arc cutting system applications.

In this study, an arc sensor which utilizes the electrical signal obtained from the plasma arc itself was
developed. The arc sensor has an advantage that no particular sensing device is necessary and real-time sensing of
the tip-to-workpiece distance is possible directly under the plasma arc. The relationship between plasma arc voltage
and tip-to-workpiece distance was determined through the repeated experimental resuits. The model was used for
developing an automatic tip-to-workpiece distance control system of plasma arc cutting. It could be shown that the
proposed system has a successful capability of tip-to-workpiece distance control.

Key Words : Plasma arc cutting (Z2t2n} o}3 A, Tip-to-workpiece distance(d-E At Az,
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Fig. 1 Principle of plasma arc generation
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Fig. 2 Signal measurement and processing circuit
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Fig. 3 Sensor output signal with low pass filter
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Fig. 4  Filtered and averaged signal
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Table 1 Cutting condition for experimental modeling

Tip to . .
. Cutting . Cutting
workpiece Thickness | Pressure .
. current velocity
distance (mm) (kg/cm2) .
(A) (cm/min)
(mm)
0.0 60 2.0 5.5 120
2.0 60 2.0 5.5 120
4.0 60 2.0 5.5 120
6.0 60 2.0 5.5 120
5
sl
3 A

Output voltage [V]
N

4] 1 2 3 a4 5 6 7
Tip-to-workpiece distance [mm]

Fig. 5 Relationship between sensor output voltage
and tip-to-workpiece distance
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Table 2 Tip-to-workpiece distance(TWD) control
algorithm using reference voltage value

Sensor output voltage variation

[Veer - V1

Tip-to-workpiece distance

+

increase

decrease
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Table 3 Experimental condition

A

Workpiece 2mm thick mild steel
Cutting current 60 A
Tip-to-workpiece distance 2 mm
Gas pressure 5.5 kg/em®
Cutting speed- 20 mm/sec
Cutting distance 150 mm
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(b) Photograph of cut workpiece

Fig. 15 Result of TWD control
(downward and upward moving)
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