
Solution for homework # 6 

Question 1: 

Using the following parameters from example 4.1 in the book. 

Composite density: 3/1580 mkg  

Composite specific heat: )./(870 KkgJC p   

Composite thermal conductivity along thickness direction: )./(69.0 KmWK z   

Total heat generated during the whole curing cycle: 38 /1037.2/150 mJxgJHT   

Universal gas constant: )./(31.8 KmolJR   

Aluminum thermal conductivity: )./(237 mKWK Al   

Thickness of aluminum mold: mmt 7.121   

Thickness of bagging material on top: mmt 0.12   

Glass cloth thermal conductivity: )./(26.0 mKWK gc   

Heat flux from Al mold to composite: )(
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Where T is the temperature of the composite, T∞ is the environment temperature. 

Heat flux from the mold to composite via vacuum bag: )(
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Where L is the composite thickness, L = 2 mm. 

Energy balance: cp QQQ
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With initial conditions: When t = 0, oTT  , 21 CCTo   . This yields: 
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The degree of cure at time increment (n+1): 
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Two types of curing cycles will be considered: 

1. Linear increase in temperature: Temperature of autoclave increases from room 

temperature (20oC) up to 180 oC at the rate of 5 oC/minute. 

2. Two-step temperature increase: Temperature of autoclave increases from 20 oC to 110 oC 

at the rate of 5 oC/minute for 18 minutes. It is held constant  at 110 oC for 20 minutes. 

Then it increases to 180 oC at the same rate. It is then held there for 60 minutes. 

Solution: 

1. Initial conditions: 

The initial degree of cure is assumed to be 0.1 to start. 

Initial temperature of the autoclave: To = 20 oC = 293 oK. 

Initial composite temperature: T = 293 oK. 

161
4

91
11 min1048.8min

)293)(31.8(

1007.8
exp)10101.2(exp  
















 
 x

x
x

RT

E
AK  

. 
151

4
92

22 min1067.2min
)293)(31.8(

1078.7
exp)10014.2(exp  
















 
 x

x
x

RT

E
AK  

 
151

4
53

33 min1057.1min
)293)(31.8(

1066.5
exp)1096.1(exp  
















 
 x

x
x

RT

E
AK  



16

21 min1093.1))(1)((  xBKK
dt

d



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2. Increment 1: (0 to 5 minutes), T∞ varies from 20 oC to 50 oC. Average T∞ = 305.5 oC. 
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For subsequent time increments: 

Using the same procedure for subsequent time increments, subsequent values of the temperature 

of the composite, degree of cure, and viscosity can be obtained. Table 1 shows the results for the 

linear increase in temperature. Table 2 shows the results for the two step cure cycle. Figures 1 

and 2 show the variations of the viscosity as a function of time for the two curing cycles. 

Whether the resin flow can go though the thickness of the laminate in time: 

According to example 4.3, initial fiber volume fraction of Vo = 0.5, allowable fiber volume 

fraction Va = 0.85, and final fiber volume fraction Vf = 0.68. fiber modulus E = 234 GPa. Fiber 

waviness ratio  β = 300. 

Stress in the fiber bundle: 
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Pressure in resin: KPaPPPP bafar 3.1117.232344    

Assume mrf 5.3  18ok   (example 4.3). 

Permeability transverse to the fiber direction: 
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During the period when the viscosities are low, their values are about 1 Pa-sec (see the figures)  

Using Darcy’s law: sec/1068.6
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Time required for the resin to flow across the thickness of the laminate: 
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Examining the curves in the figures, the duration where the viscosities are low is about 30 

minutes (from 10 minutes to 40 minutes) for the linear increase cycle, and this duration is about 

35 minutes (from 10 minutes to 45 minutes) for the two step cure cycle. As such, both schedules 

of cure are not adequate for the flow.  



 

 



 

 

 


