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MANUFACTURING OF COMPOSITES
MECH 6521

FINAL EXAM

December 21, 2011

14:00 to 17:00 hours

Closed Book, Closed Notes.


Student name:----------------------------------		Student ID:-------------------------------


Part I: Problems.


1. Question 1:  (20 marks)

A pressure vessel 30 cm in diameter was made by filament winding using both glass/epoxy and graphite epoxy. The layers from the inside to the outside of the thickness are as follows:

· 4 layers of graphite/epoxy at 90o.
· 3 layers of glass/epoxy at 45o.
· 3 layers of glass/epoxy at -45o.
· 2 layers of graphite/epoxy at θo.
· 2 layers of graphite/epoxy at -θo.

The thickness of each layer is 0.3 mm. The strength of glass fiber is 1200 MPa and the strength of graphite fiber is 1600 MPa.  Assume thin wall theory.
a. Assume that the angle θ can be selected from a range from 0o to 45o, what angle should be selected to contain the maximum pressure? (10 marks)
b. What is the maximum pressure for part (a) above. (5 marks)
c.  Assume that a pipe (rather than a pressure vessel) is made of the lay-up sequence as provided from the statement of the problem and the answer in question (a) above, what is the maximum pressure that can be contained?  (One can assume that there is no axial constraint in the case of a pipe). (5 marks).

2. Question 2:  (34 marks)

It is desired to make a composite laminate 2 mm thick using an epoxy resin that follows the kinetic equation:


	

						


with  


         R = 8.31 J/(mol.K)
The curing cycle is shown in the following figure. Due to the thinness of the laminate, the temperature in the laminate can be assumed to be same as that of the autoclave temperature.




where:

 = 7.93 x 10-14 Pa.sec
U = 9.08 x 104 J/mol
k = 14.1

The autoclave pressure is 600 kPa.

Volume fraction of the fibers at the beginning: Vo = 0.50
Allowable volume fraction of fibers: Va = 0.80
Volume fraction of fibers in the final composite:	Vf = 0.65
Radius of fibers: rf = 4 m
Thickness of one ply t = 0.127 mm.
Fiber modulus: 200 GPa

a) (20 marks) Using increments of time of 2 minutes each, up to 30 minutes, determine the viscosity of the resin at these time intervals. Present the results in a table and in a graph. (Assume an initial degree of cure of 0.1).
b) (10 marks) For a fiber waviness ratio of 350, what is the velocity of the resin flow across the thickness of the laminate when the resin is at its lowest viscosity?
c) (4 marks) If the waviness ratio increases to 400, what would be the resin flow velocity where the resin is at its lowest viscosity?

3. Question 3:  (16 marks)

In order to make a 6 mm thick thermoplastic composite plate using carbon/nylon commingled fibers, a temperature of 240oC is used. At this temperature, the viscosity of the resin is 10,000 Pa.sec. Assuming that the commingled fibers arrange as in the figure below where the fibers are touching each other. Assuming that the carbon fiber diameter is 7 µm and the diameter of nylon filaments is 14 µm. A pressure of 1 MPa is applied to mold the material at 240oC. Considering the flow only in the plane of the cross section, estimate the amount of time required for complete wetting. Assume a fiber volume fraction of 60%. (Use average fiber radius for permeability calculations, and use average velocity).

[image: Commingle]

4. Question 4:  (20 marks)

It is desired to fill a piece having the configuration in the figure below. The piece is 3 mm thick made of glass fiber perform using epoxy resin. Two injection ports of 10 cm diameter as shown are used.  The injection port of the left is located at the center of the rectangular area. The viscosity of the resin is 500 cP. The permeability of the fiber perform is 1 x 10-10 m2. Fiber volume fraction 0.50.

Determine the estimated time to fill the mold:

a) (10 marks) For constant injection pressure of 600 kPa.
b) (10 marks) For a constant flow rate of   1 cm3/sec.

[image: ]



Reference information:








						


				


			 Along fiber direction, ko =0.7
						Transverse to fiber direction, ko = 15
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