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 ENGINEERING TRIPOS     PART IIB 
 
______________________________________________________________________ 
 
 Wednesday 11 May 2011       9 to 10.30 
______________________________________________________________________ 
 

 Module 4C2 
 
 DESIGNING WITH COMPOSITES 
 
 Answer not more than  three questions. 
 
 All questions carry the same number of marks. 
 

The approximate percentage of marks allocated to each part of a question is 
indicated in the right margin. 
 
Attachments: 
4C2 datasheet (6 pages). 

 
 

STATIONERY REQUIREMENTS SPECIAL REQUIREMENTS 
Single-sided script paper 
 

Engineering Data Book 
CUED approved calculator allowed 

 
 
 
 
 
 
 
 
 
 
 
 

You may not start to read the 
questions printed on the subsequent pages 
of this question paper until instructed that 

you may do so by the Invigilator 
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1 (a) Why are composite laminates often designed to be balanced and symmetric?  [30%] 
 
 (b) An epoxy-glass composite with elastic constants  E1 = 30  GPa,  E2  = 6 GPa,  

G12 = 2 GPa, and ν12 = 0.25  is subject to uniaxial tension. Calculate the loading angle 

for which  16S   is:   

 (i) zero;  [25%] 

 (ii) a maximum.  [25%] 

 (c)  Hence sketch the variation of 16S   with  θ  for 0 ≤ θ  ≤ 90°.  Comment on the 

physical significance of  16S   in designing laminates.  [20%] 

 
 
2 Discuss the design and manufacture of a composite spoiler (a control surface on the 
top of an aircraft wing), as sketched in Fig. 1. Include the following issues in your 
discussion (but do not limit yourself to just these points): 
 

– choice of material; 
 

– process route, including a brief description of your suggested method; 
 

– structural design and any feature details; 
 

– testing and certification.  [100%]  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. 
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3 Figure 2 illustrates a model for tow pull-out across a laminate break in a woven 

composite material under the action of a uniaxial tensile stress  σ0.  The figure shows a 

unit cell of square cross-section with side length  a  containing a square-section 

reinforcing tow of side length  b.  The tow bridges the laminate break and has itself 

broken a distance  L  from the laminate break. Pull-out of the tow from the laminate is 

resisted by a frictional stress  τ.   

 (a)  Suggest why the tow might have broken at a different location from the main 

laminate break.    [10%] 

 (b) Derive an expression for the axial stress in the tow as a function of the 

distance  x  from the tow break, for Lx ≤≤0 .  Show that the remote   stress  σ0  needed 

to pull out the tow is given by  

    20
4
a
τbL σ =  [30%] 

 (c) Hence find an expression for the tow pull-out energy per unit cross section of 

laminate, in terms of  τ,  b,  a  and  L.  For a CFRP composite, with the data given below, 

would this pull-out mechanism give a useful contribution to the fracture energy?  

Data: a = 5 mm, b = 1 mm,  L = 20 mm,  τ = 50 MPa. [30%] 

 (d) Explain qualitatively how you would expect the tow stress to vary with 

position to the left of the tow break. Derive an expression for the variation in this stress. 

The laminate and tow moduli in the direction of the applied stress are  EL  and  ET, 

respectively.   [30%] 

 
 
 
 
 
 
 
 
 

 
Fig. 2. 
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4 Figure 3 shows a laminate made of three identical woven GFRP plies, each of 

thickness  t.  The outside plies have fibres orientated at 0° and 90° to the applied tensile 

line load  N, while the mid-ply is orientated at  ±45°. The  [Q]  matrix for the  0/90°  ply 

is given by 
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where  E  is a material constant.  

 (a)  Obtain the  ][Q   matrix for the ±45° ply in axes aligned with the loading 

direction.    [20%] 

 (b)  Explain why the laminate behaves in a balanced and symmetric manner. [10%] 

 (c) Show that the  [A]  matrix for the laminate is given by 
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 (d) Failure is characterised by the Tsai-Hill failure criterion with a shear strength  

sLT,  and tensile and compressive strengths  +s   and  −s ,  respectively, for loading along 

the fibre directions of the ply.  Derive an expression for the line load  N  which would 

cause tensile failure in the 0/90° plies, in terms of  t,  E  and the strength parameters. [55%] 
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Fig. 3. 
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