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MANUFACTURING OF COMPOSITES

SAMPLE FINAL EXAM


Closed book, Closed notes


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


Part I: Problems.


1. Question 1:  (10 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. The pressure to be contained is 100 MPa. What would be the angle θ? (5 marks)
b.  What would be the angle θ if the vessel were to fail simultaneously in both hoop and axial directions? (5 marks).

2. Question 2:  (20 marks)

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

							
with  A = 1.27x 105 sec-1
             E = 63400 J/mol
              m = 1.0, n = 2.0
         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
Kozeny constant: ko = 15.
Thickness of one ply t = 0.127 mm.
Fiber modulus: 200 GPa

a) (8 marks) Assume an initial degree of cure of 0.1, determine the degree of cure at 9, 18, 28, 42, and 50 minutes. Present these values in a table.
b) (7 marks) Determine the viscosity of the resin at these times.
c) (5 marks) Determine whether there is sufficient time for the excess resin to flow across the thickness of the laminate.

3. Question 3:  (10 marks)

A thermoplastic composite plate (APC2) 6 mm thick is taken from a compression molding press at 360 oC and left in room condition (20oC) to cool down.  The temperature distribution at the center and on the surface of the plate are given as:

	Time (min)
	0
	2
	4
	6
	8
	10

	Tcenter (C)
	360
	360
	350
	320
	290
	250

	Tsurface (C)
	360
	310
	260
	210
	160
	100




a. Determine the degree of crystallinity at the center and on the surface of the plate. (3 marks)
b. Which has higher modulus? The center part of the surface part? (3 marks)
c. What type of residual stress exists at the center and at the surface of the plate (tension or compression)? (4 marks)

4. Question 4:  (10 marks)

It is desired to fill a circular plate 3 mm thick made of glass fiber perform using epoxy resin. The radius 0.3 m. The injection port is 3 cm in diameter. The viscosity of the resin is 800 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) (5 marks) For constant injection pressure of 600 kPa.
b) (5 marks) For a constant flow rate of   1 cm3/sec.

5. Question 5: (10 marks)

It is desired to filament wind a pipe of 10 cm in diameter and 1000 cm in length. The winding angle is 40o. The band width of the fiber tows is 0.5 cm. The dwell angle is 120o of the rotation of the mandrel. You are allowed to adjust the parameters except the diameter, the length of the pipe and the winding angle. Specify:

a) (4 marks) Number of circuits per pattern.
b) (4 marks) Number of patterns per layer.
c) (2 marks) Number of circuits per layer.


Part II: Multiple choices. Circle the most correct statement.  Each question is worth 1 mark.

1.	
a) Polyester resin can be made by the reaction between maleic acid and formaldehyde.
b) Polyester resin can be made by the reaction of isophthalic acid and maleic anhydride.
c) Polyester resin can be made by the reaction of maleic acid and propylene glycol.
d) Polyester resin can be made by the reaction between cobalt naphthenate and Dimethyalinine.

2.	
	a)	Epoxy resin can be crosslinked by using styrene.
	b)	Epoxy resin can be recognized by the presence of the glycol group.
	c)	Methyl Ethyl Ketone Peroxide is one type of epoxy resin.
	d)	Diglycidyl ether of bisphenol A is a common type of epoxy resin.


3.	
a)	For the curing of epoxy using hardener, the stoichiometric ratio is when 50% by weight of resin is mixed with 50% by weight of diluent.
b)	For the curing of epoxy using hardener, if the amount of epoxy is more than that of the stoichiometric ratio, a weakened  product is formed.
c)	For the curing of epoxy using hardener, if the amount of hardener is more than that of the stoichiometric ratio, there is no effect on the physical properties of the product.
d)	For the curing of epoxy using hardener, the stoichiometric ratio is not important.
4.
	a)	Polyester has temperature stability up to 350 oF.
	b)	Polyester has temperature stability up to 300 oC.
	c)	Polyester has temperature stability up to 180 oC.
	d)	Polyester is stable at 60 oC.

5.
	a)	In the reptation of thermoplastic molecules to make bonding at the interface, the development of the strength of the bond is proportional to the square root of time.
	b)	In the reptation of thermoplastic molecules to make bonding at the interface, the development of the strength of the bond is proportional to t0.25.
c)	In the reptation of thermoplastic molecules to make bonding at the interface, the development of the strength of the bond is proportional to linear time.
	d)	In the reptation of thermoplastic molecules to make bonding at the interface, the development of the strength of the bond is proportional to t2.

6.	
	a)	During the reaction of a certain chemical, if heat is required to enter into the system, the reaction is exothermic.
	b)	The melting of water is an exothermic phenomenon.
	c)	The crystallization of thermoplastic resin is an exothermic phenomenon.
	d)	The breaking of a piece of chalk is an exothermic phenomenon.

7.	
a)	In thermoplastic composite processing, the four types of flow are: Percolation flow, transverse flow, interply slip and intraply shear.
b)	In thermoplastic composite processing, the four types of flow are percolation flow, laminar flow, transverse flow and interlaminar shear.
c)	In liquid composite molding, the four types of flow are percolation flow, transverse flow, interply slip and intraply shear.
d)	In autoclave processing, the four types of resin flow are percolation, transverse flow, interply slip and intraply shear.
8.	
a)	For advanced  thermoplastic composites, the thermoplastic matrix is usually polyethylene, polypropylene, or nylon.
b)	The advantage of thermoplastic composites over thermoset composites is that thermoplastic composites are more fracture resistant.
c)	The advantage of thermoplastic composites over thermoset composites is that thermoplastic composites have less void content as a result of manufacture.
d)	The disadvantage of thermoplastic composites as compared to thermoset composites is that thermoset composites have higher fracture toughness.

9.
a)	Low profile additives are added to polyester to increase the ductility of the material.
b)	Low profile additives are added to polyester to reduce water absorption of the material.
	b)	Low profile additives are into the resin to reduce shrinkage.
	c)	Low profile additives are added into resin to increase strength of the resin.

10.
	a)	A common metal matrix composite is steel reinforced with silicon carbide.
	b)	There are not many types of metal matrix composites due to the low surface tension of the metal.
c)	There are not many types of metal matrix composites due to the high surface tension of the metal.
	d)	Most metal matrix composites have long fiber reinforcement.

11.
	a)	Glass fibers used in composite materials are made of silica and metal oxides.
	b)	The reason why metal oxides are added to silica is to increase the viscosity of the material.
	c)	E glass has more silica content than S glass.
	d)	Glass fibers are stiffer than carbon fibers.

12.	For polymeric composites, thermoset resins are used more than thermoplastic resins because:
a)  The cured thermoplastic resin has lower viscosity than the cured thermoset resin.
b)  At room temperature or at relatively high temperature, thermoset resins can appear in liquid form whereas thermoplastic resins can not.
c)  Thermoset resins are more ductile than thermoplastic resins.
d)  Thermoset resins can be recycled whereas thermoplastic resins can not be.

13.	Which of the following fiber has isotropic properties?
a)  Glass fiber
b)	Graphite fiber
c)	Kevlar fiber
d)   Wood fiber

14.	a)	A braid is a five-harness satin weave.
	b)	Plain weave has more stability than 4-harness satin weave.
	c)	Chopped strand mat gives higher stiffness than woven fabrics.
	d)	A tape is a cross ply [0/90] fabric.

15.	In producing a part made of carbon fiber/epoxy composites using an autoclave, which of the following material would be the best mold material in terms of dimensional suitability?
a)  Aluminum
b)  Steel
c)  Carbon/epoxy composites
d)  Invar

16.	In pultrusion, the most important parameter that affects the pull force is:
a)  the tensile strength of the fibers.
b)  the compressive strength of the fibers.
c)  The shear strength of the fibers.
d)  the bulk compression of the fiber bundles

17.	In liquid composite molding, to make a large part such as a boat hull, one would use the following method of manufacturing:
a)  RIM
b)  SRIM
c)  SCRIMP
d)  RFIM.

18.	The compression stress of the fiber bundles depends on:
a)  the diameter of the fiber.
b)  the viscosity of the resin.
c)  the compression strength of the fiber
d)  the void fraction in the fiber bundle.

19.	Which of the following represents a wetting situation?
a)  Liquid epoxy on solid steel
b)  Liquid iron on solid glass
c)  Liquid mercury on solid steel
d)  Liquid water on teflon.

20. In manufacturing thermoplastic composites,

a) Slower cooling rate gives higher degree of crystallinity.
b) The time required for complete autohesion depends on the permeability of the fiber network.
c) Thermoplastic resin is completely crystalline.
d) The curing cycle is normally a two-steps curing cycle, similar to the case of thermoset resins.

Reference information:
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