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Manufacture and performance test of the composite cantilever arm
for electrical discharge wire cutting machine

Jin Ho Choi”*

ABSTRACT

Electrical discharge machining (EDM) cuts metal by discharging electric current across a thin gap
between tool and workpiece. Electrical discharge wire cutting, a special form of EDM, uses a
continuously moving conductive wire as an electrode, and is widely used for the manufacture of punches,
dies and stripper plates. In the wire cutting process, the moving wire is usually supported by cantilever
arm and wire guides. As the wire traveling speed has been increased in recent years to improve
productivity, the vibration of the cantilever arm occurs, which reduces the positional accuracy of the
machine. Therefore, the design and manufacture of the cantilever arm with high dynamic characteristics
have become important as the machining speed increases.

In this paper, the cantilever arm for guiding the moving wire was designed and manufactured using
carbon fiber epoxy composite in order to improve the static and dynamic characteristics. Specimens for
the composite cantilever arm were manufactured and tested to investigate the effect of the number of
reinforcing plies and length fitted to steel flange on the load capacity. Also, the finite element analysis
using layer and contact elements was performed to compare the calculated results with the experimental
ones. From the results, the prototype of the composite cantilever arm for the electrical discharge wire
cutting machine was manufactured and the static and dynamic characteristics were compared with those
of the conventional steel cantilever arm.
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Fig. 1 Schematic diagram of a typical electrical discharge wire
cutting machine.
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Table 1. Mechanical properties of the
composites(USN 1257)

composite

Fig. 3 Finite element model.

E.(GPa) 131 | X:(MPa) 2000
E,(GPa) 82 | Xc(MPa)  -1400
E.(GPa) 82 | Y«(MPa) 61
G,y (GPa) 45 | Yo(MPa) 130
G,.(GPa) 45 | Z:(MPa) 61
Gu(GPa) 35 | Zo(MPa) 130
Uy 0281 | Sy(MPa) 70
Un 0.470 | S,.(MPa) )
Uer 0281 | So(MPa) 70

* SK Chemicals, 948 —1 Daechi—3 —dong,
Kangnam —ku, Seoul, Korea
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interfergnce fitting joint 'EL‘

Fig. 4 Configuration of the contact element for the mechanical
fitting joint.
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Table 2. Mechanical properties of the epoxy adhesive(JPCO 9923)

Fig. 2 Schematic diagram of a composite cantilever arm for a
wire cutting machine.

E.(GPa) 13
Uy 0.41
o,(MPa) 45
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Fig. 6 Failure indices of the composites w.r.t interference fitting
length.(Number of hoop plies=3)
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Fig. 5 Tasi-Wu failure indices in the joint part of the composite
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Fig. 7 Failure indices of the composites w.r.t number of the
hoop plies.(Fitting length of the joint=8mm)
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10 Fig. 11 Schematic diagram of the static bending test setup.
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Fig. 8 Adhesive stresses w.r.t number of the hoop plies.(Fitting
length of the joint=8mm)
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Fig. 9 Displacement of the composite arm w.r.t number of the

hoop plies. (Fitting length of the joint=8mm)
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Fig. 10 Dimension of the 1/4 scale specimen.
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Fig. 12 Failure loads w.r.t to the interference fitting lengths.
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Fig. 13 Fundamental natural frequencies and damping ratios of
the specimens w.r.t the interference fitting lengths.
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Fig. 14 Photograph of the composite and conventional cast iron
cantilever arms

Fig. 15 Photograph of the displacement measurement of the
cantilever arm using the dial gauge.
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Table 3. Specification of the composite arm.

Specification Value
Whole length of the composite tube 564 mm
Joint length 60 mm
Adhesively bonding length 28 mm
Interference fitting length 32 mm
Outer diameter of the composite tube 110 mm
Thickness of the composite tube 7 mm
Weight of the composite tube 20N
Weight of the steel flange(small) 30N
Weight of the steel flange(large) 60 N
Stacking angle +5°
Bonding thickness 0.5 mm
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composite

cast iron

Magnitude

0 400 800 1200 160
Frequency {(Hz)
Boundary condition Free-iree
Arm type Composite Cast iron
1st natural frequency 1132 Hz 892 Hz
Damping ratio 15 % 0.3 %
(a) free-free
50 ¢
i composite
40 ¢ cast iron
g |
E 30 ¢
271
g20 |

T U S S o

0 50 100 150 200 250 300
Frequency (Hz)
Boundary condition Fixed-free
Arm type Composite Cast iron
1st natural frequency 234 Hz 166 Hz
Damping ratio 31 % 26 %

(b) fixed-free

Fig. 16 Impulse frequency responses of the composite and
conventional arm.
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Fig. 16 Axial elongations of the composite and conventional
arms w.r.t the temperature difference.
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