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Abstract— As a novel composite manufacturing process, the thermally-expandable rubber-tool process was investigated
in order to obtain the enhanced laminate consolidation and resin infusion in both thermoplastic- and thermoset-based com-
posite systems. A silicon-based rubber tool was chosen for the primary applications in aircraft environments. The thermal
expansion coefficient and bulk modulus of the rubber tool were measured by a 1-D radial expansion system and sub-
sequently used to predict the pressure generated by the expanding rubber tool as a function of temperature. The generated
pressure was expressed by the thermo-physical properties and as a function of processing temperature. Finally, the mold
configurations including the relative gap and rubber tool volumes influenced the characteristic features of the pressure
build-up in rubber-tool based thermal processing.
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Fig. 1. Rubber tool configurations:
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2-1. Thermodynamic Properties of Rubber
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Fig. 2. Thermal pressure of rubber-tool in 1-D radial expansion.

A7t AR 5 LEAlrol T QI AL RS IARAT
GG BAZ el + Q& Aol

2-2. Pressure Development in 1-D Radial Constrained Expansion
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2-3. Stress Distribution in 1-D Parallel Plate Compression

A3t B3 mlme o) gl FAI7E ke ¥ blockS gFEsiA)
He Wo] A o)A ¥ F8% 54 F kot o
HY oA dubdel 152 BAI5} 7ho] $AlulEko 2 o] ql& stress
(0, shear modulus(G)2] 3uje} sF&WEe] Fo 2 mARLI16).
o] 315-2] W3- 53 homogeneousdt 43 stress(c,)el] 2] ¥
B3}, vlzzz{Ae] gle] A ko] 259 A $1x| 29 vlEg
o] 2]&} shear ¥3] T 7}=x]o)| oJafja] &)

6,=3Ge ®

TF GEARE) WS 07t S ¥

& Y2 7]= shear stress, T HFX]EH J—ih‘li AA el

55r8s Hi36H A4S 1998 8R

192 A - SEE - AE -

SEEREEE

Y «—: T12

N 00

2a

Fig. 3. Normal and shear stress distributions in 1-D parallel-plate com-
pression.
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Fig. 4. Thermal relation of effective Young's modulus(Ee) against geo-
metric factor(a/h).
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3-1. Materials

B Aol e aFATTEA a3 T sk Ae] st
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AQFE AL 7247 DMS 22242] Hercules 3501-6/AS47} AL8-5
KATH6].
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=9) Wshe BB,

3-2. 1-D Parallel Plate Compression Test
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Fig. 5. Schematic diagram of 1-D radial expansion test system for
thermal strain calibration of metal mold.
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3-3. 1-D Radial Thermal Expansion Test
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21§ Measurements Group Inc.(USA)2| A+Ev CEA-06-240UZ-1200)
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A2 52185 mm, Z o) 135 mm%].2 ¥ modulus= 55 MPao]gith.
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Fig. 6. TMA scanning thermogram of AIRCAST3700 rubber tool
measured at 2.6 °C/min using macro-expansion probe.
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= DSCE 350 'C7}x] 2338} A3} heat flowol] o} 52 wW3lrl ¢
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4-1. Effective Bulk Modulus Measurement
RE A9 $IE 447 9ol 2L Fo] =& Ao o}

Pressure(MPa)

0 0.1 02 03 0.4
Strain

Fig. 7. Effective pressure and effective bulk modulus for 0 % and 20
% gap volume rubber tool measured by 1-D parallel plate
compression test.
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4-2. 1-D Radial Thermal Expansion
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Fig. 8. Thermal strain measured by 1-D radial thermal expansion ex-
periment equilibrated at different temperatures.
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Fig. 9. Thermal pressure in 1-D radial thermal expansion experiment
compared with model equation using K"=28 Mpa and a*=8x
107%
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4-3. Thermal Pressure Model Development
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Fig. 10. Schematic representation of thermally-expanding rubber tool
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