30 BEEAMERE

12 gAY A3 ZUHAS 9% 1& FAAA Y
R ‘d“‘%ﬂﬂl B AT

ALG™ - R - oy

A Study on the Performance Test and Manufacture of the Dielectric Sensor for the
Cure Monitoring of the High Temperature Composites

LY. Kim*, J. H. Choi**, and D. G. Lee***

ABSTRACT

As fiber reinforced composite materials are widely used in aircraft, space structures and robot arms, the on-line cure
monitoring during the cure process of the composite materials has become an important research area for the better
quality and productivity. In this paper, the dielectric circuit of the Wheatstone bridge type for measuring the dissipation
factor during cure of thermosetting resin matrix composite materials was designed and manufactured. Also, the
dielectric sensor for the cure monitoring of high temperature cure composites was developed and tested. The residual
thermal stresses of the dielectric sensor during high temperature cure were analyzed by the finite element method and
its dielectric characteristics at high temperature were evaluated. The on-line cure monitoring of the
BMI(Bismaleimide) resin was performed using the developed Wheatstone bridge type circuit and the high-
temperature dielectric sensor.
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Fig. I Electric equivalence of the composite materials in the
direct type circuit.
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Fig. 2 Electric equivalence of the composite materials in
the wheatstone bridge type circuit.
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Fig. 3 Schematic diagram of the wheatstone bridge type circuit.

Fig. 4 Photograph of the wheatstone bridge type circuit board
for measuring the dissipation factor of the composite
materials.
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Fig. 9 Dissipation factor of the BMI resin using the
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Table. 1 Properties of the copper paste(ACP-060%)

Viscosity (ps at 25C) 400-600
specific gravity (g/cc at 25 C) 3.2

~ Curing conditions 150¢c x 30 min.
Hardness(H) 3
Humidity aging(%) +30
Solder resistance(%) =30
Shear strength(MPa) 15

*ASAHI CHEMICAL RESEARCH LABORATORY CO.LTD. , Tokyo, Japan

Fig. 10 Photograph of the steel mold for the manufacture of
the high temperature dielectric sensor.
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Fig. 12 Residual thermal stresses of the glass base and the
copper pattern of high temperature dielectric sensor
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Fig. 13 Photograph of the fractured dielectric sensor by the
residual thermal stresses.

33 12 MM EHA

Az 7& FHAME AAHEHe] 2 HolrE
2 gAho] glorg MM mdo AV|FHOE EF
U F gk B =RME AVHoz EF9d A
A EHE HAEAF) 7] 9t A7) =EHE o] &3
o AAM BEde 2E =FE ¥AA13)

AA mRe A71H o] 5% IAF =FES
A7 Y3 FHe AL T 98 Fig 149
2o A8 FAE TG

Speciimen

][]

]

S eee

<plating solution>

<Power supplier>

Fig. 14 Schematic diagram of the electroplating device.

Table. 2 Variation of Resistance w.r.t the electroplating currents

A A el A
AEARF(A) .
=2 AMR) | =F FMQ)
0.2 34 0
0.4 34 20 x 10°¢
0.6 34 42.75
0.8 34 -
10. 34 -

Fig. 15 Photograph of the high temperature diclectric sensor
after the electroplating.
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Fig. 16 Schematic diagram of the on-line cure monitoring
system for measuring the dissipation factor of the
composite material.

Fig. 17 Photograph of the on-line cure monitoring system for
measuring the dissipation factor of the composite

material.
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Fig. 18 Variation of the dissipation factor of the high
temperature dielectric sensor by itself when the holding
temperature is S23K.
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