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Cure Shrinkage Behavior of Polymer Matrix Composite
according to Degree of Cure

Hyuk Kwon*, Seong-Soon Hwang*, Won-Jong Choi*', Jae-Hwan Lee**, Jae-Hak Kim**

ABSTRACT: Cure shrinkage during cure process of polymer matrix composites develope residual stress that cause
some structural deformation, such as spring-in, spring-out and warpage. The carbon/epoxy prepreg used in this study
is Hexply M21EV/34%/UD268NFS/IMA-12K supplied by Hexcel corp. Cure shrinkage and degree of cure measured
by TMA(thermomechanical analyzer) and DSC(differential scanning calorimetry). Cure shrinkages are measured by
TMA within a temperature range of 140~240°C in a nitrogen atmosphere, and degree of cure determined by the heat
of reaction using dynamic and isothermal DSC runs in argon atmosphere. As a result, the cure shrinkage is increased
dramatically in a degree of cure range between 27~80%. the higher the cure temperature, the lower the degree of cure
occurring to begin cure shrinkage.
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Fig. 1. Three distinct regions of resin change throughout the
cure process of thermosetting resin. V; and V; are the spe-
cific volume of the system at gelation and 100% cure,
respectively[2]
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Fig. 2. Typical laminate composite notation [5]
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Fig. 3. TMA specimen with cover glass
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Fig. 4. Schematic view of TMA specimen on stage
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Table 1. Test conditions of TMA test

TMA test conditions
Fixture type expansion
Test load 0.02N
Purge gas N,, 50 ml/min
Heat-up rate to specific temperature 20°C/min.
Test temperature 140, 160, 180, 200, 240°C

Table 2. Test conditions of DSC test

Heat-up rate Test temperature
(°C/min) (°C)
Dynamic DSC scan 1,5,10 R.T. ~350
Isothermal DSC scan 20 140, 160, 180, 200, 220, 240
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Table 3. Linear cure shrinkage by TMA results

Speci Initial
Isothermal p.ec1rnen n1.1a Dimensional Cure
thickness | specimen }
temperature| . change, AT | shrinkage
o with cover | thickness 0
(°C) (pm) (%)
glass (mm) (mm)
140 1.71 0.60 3.37 0.26
160 1.73 0.62 5.60 0.42
180 1.71 0.60 8.70 0.66
200 1.71 0.60 13.00 1.00
220 1.68 0.57 10.41 0.84
240 1.69 0.57 5.57 0.45
M21E/IMA/34 %/194gsm
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Fig. 6. Thermogram of dynamic DSC scanning

Table 4. Test results of dynamic DSC scanning
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Fig. 8. Curves of degree of cure vs. cure rate
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Table 5. Volumetric cure shrinkage at 180°C cure temperature;
manufacturer recommended cure cycle, MRCC

Degree of cure (o) Volumetric cure shrinkage (€,)

0 <0.272 €,=0.0
0.272 <0< 0.798 &, = 0.1270 - 0.04802
o >0.798 €,=0.058
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