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COMPOSITE MATERIALS DESIGN

5   Exercises about macro mechanical 
Analysis and Design of Composite Materials
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How resolve these exercises?

• defining the most important parameters 

(Ex; Ey; Eα; σx; σy; σα; νx; νy; να; εx; εy

• using a calculus sheet in order to optimize the 
procedure.
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Acquire the values of the  CM’s Young modulus as a function of 
reinforcement angle and content (Em= 4MPa and Ef=46MPa)

How to use the calculus sheet
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Analysis Comp

Analysis of Evolution of YM as a function of orientation angle 
(Exercise-1)
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Analysis Comp
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Analysis Comp

Analysis of contraction/elongation values of a CM from EP/GF as a 
function of fiber content (Exercise-2) σ2

σ2

ε1ε1
ε1 = (ν21 · σ2)/ E2

ν21 Load in 2
Contraction in 1
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Analysis Comp

Deformation as a f (CF%)
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Analysis Comp
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Analysis Comp

Design a composite material with 6 plies with a quasi-isotropic 
behavior, constitute by 50% of matrix and reinforcement. The 
maximum load will be 350 MPa. (see values in the table)

What is the fiber distribution and the geometry of every ply to 
obtain this characteristics ?

Analyze the parameters of a composite, obtained by different 
laminates, minimizing and homogenize contractions and 
elongations

Exercise 3
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Analysis Comp
να =(sin4α+ cos4α)· (ν 12·Eα)/ E0

ε1 = σα / Eα

-ε2 = (να · σα)/ Eα
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Analysis Comp

352 MPa

86 MPa

175 MPa
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Analysis Comp



MECHATRONICS 2007 xavier.colom@upc.edu 13

Analysis Comp

A composite material from epoxy and carbon fiber  (60/40) 
has been made by means two reinforce orientations (0 and 
90). What would be the best geometry to obtain a orthogonal 
load of 10 GPa. ?

What’s the minimum number of plies of the composite? 

What’s the minimum number of plies of the composite if the 
maximum contraction must be of 0.1%? 

Exercise 5
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Analysis Comp

See item 1

See item 2

0,5452 (19)

1,75 (6)  I would try to homogenize 
the deformation

(-)εx=ν21·σy/Ey

(-)εy=ν12·σx/Ex

-ε2 = (να · σα)/ Eα
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Analysis Comp

1.53 MPa

1.26/2 1.26/2

- 0.34/2

- 0.34/2

item 1



MECHATRONICS 2007 xavier.colom@upc.edu 16

Analysis Comp

0.21 MPa

- 0.047/2 - 0.047/2

2.91/2

2.91/2

Item 2
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Analysis Comp

1.53 + 0.21 MPa

1.26/2 1.26/2

- 0.34/2

- 0.34/2

1.53 + 0.21 MPa (6 plies to obtain 10 GPa)
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Analysis Comp

0.45 + 0. 1 MPa

1.26/2 1.26/2

- 0.34/2 0.10/2

- 0.34/2 0.10/2

0.45 + 0. 1 MPa (19 plies to obtain 10 GPa)
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Analysis Comp

A composites material from epoxy and carbon fiber has been 
made with laminates by different reinforced orientations. The 
composite has a cylindrical geometry (circle section) with an 
q-isotropic behavior, it need to load a minimum stress of 25 
GPa. 

• How many laminates will be necessary used to bear these 
stress?

• How many laminates will be necessary used to reduce the 
contraction at 0.1%?

• What’s the best ratio matrix/reinforce in this case?.

Exercise 6
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Analysis Comp

4,24 MPa / 6 groups 36 plies

3,70 MPa / 7 goups 42 plies

2,32 MPa / 11 groups 66 plies

(-)εy=νxy·σθ/Eθ
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Analysis Comp
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Analysis Comp

Using the same composite of exercise from epoxy and 
carbon fiber, compute which parameters of this composite 
material has the more adverse way  (15º, 45º i 75º).

Exercise 7
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Analysis Comp
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Analysis Comp

3.43 (44)

1.76 (85)
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Analysis Comp
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Analysis Comp

Design  a composite material from vinylester matrix and carbon 
fiber HT (60/40) to obtain an hexagonal geometry using the 
number of plies that you take in account. 

What would be the best reinforce distribution to obtain this 
hexatropic material whit a maximum load of 10 GPa?. 

What’s the minimum number of plies of the composite with a 
load ratio between sides of 3/2/1 (Max. load 36 MPa)?

What’s the minimum number of plies of the composite if the 
maximum contraction must be of 0.1%? 

Exercise 8
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Analysis Comp

0º

60º120º
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Analysis Comp

1,54 MPa1,54 MPa
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Analysis Comp

1.27/21.27/2

0.34/2

0.34/2
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Analysis Comp

0.36 MPa0.36 MPa
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Analysis Comp

0.36 MPa0.36 MPa

2.85/22.85/2

-0.05/2

-0.05/2
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Analysis Comp
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Analysis Comp

0.36 MPa

2.85/2

0.36 MPa

2.85/2

-0.05/2

-0.05/2
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Analysis Comp

36 MPa36 MPa

24 MPa

24 MPa 12 MPa

12 MPa
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Analysis Comp

a, b i c are the number of plies that will be need to put in 
every  reinforcement’s orientation to achieve the technical 
requirement.

36 = a · 1.54 + b · 0.36 + c · 0.36
24 = a · 0.36 + b · 1.54 + c · 0.36
12 = a · 0.36 + b · 0.36 + c · 1.54

In order to homogenizer contractions/ deformations we need 
to take the values summarized in attached table and define 
a new equation system

36 = a · 0.45 + b · 0.16 + c · 0.16
24 = a · 0.16 + b · 0.45 + c · 0.16
12 = a · 0.16 + b · 0.16 + c · 0.45
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Design a helicopter rotor blade
Analysis Comp

In order to manufacture a helicopter 
rotor blade with excellent specific 
stiffness, we are searching  the best 
combination of epoxy matrix reinforced 
with Kevlar K49. Specifications: 
maximum load 50GPa maximum 
elongation of 0.5% (orthogonal axis). 

What’s the most economically 
combination  matrix/fiber?

Kevlar K49= 28 €/Kg

Epoxy = 13 €/Kg

Every ply of composite has a volume 
of 2·10-3 m3 (ρK49>ρepoxy). What’s the 
best balance cost/volume?,
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Analysis Comp

What’s the most economically percentage of ratio matrix/fiber?

Kevlar K49
Epoxy

20
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Design a circular roof (1/4)
Analysis Comp

Design a circular (annular) roof to cover 
communication equipment. A composite 
material is selected to avoid interferences 
with the signals being transmitted. Housing 
antennas and other electronics under the 
roof saves on equipment cost because the 
electronics do not have to be built for 
outdoor exposure.  The circular roof must 
withstand its own weight and the weight of 
fixtures hanging from it, snow load, and 
eventual live load of workers performing 
maintenance. The circular roof has an 
surface of 50 m2 and a thickness of 0.15 m. 

The addition of  dead load and live load of 30 
GPa is assumed. 

How many ply of kevlar/vinylester are 
necessary to design this roof?

Ef 140 GPa
Em 1,9         
σf 3
σm 0,095 GPa
Vf 0,3        
Vm 0,39  
Vf=Vm 0,50
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Design a circular roof (2/4)
Analysis Comp

First of all we need to define the optimal distribution of reinforced fiber in every 
ply.  To obtain an isotropic material with six different angular disposition, the 
selected distribution of reinforce will be 0º, 30º, 60º and 90º, 120º and 150º.
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Analysis Comp
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Design a circular roof (3/4)
Analysis Comp

Use other ratio’s porcentge matrix/fiber in order to 
decrease te number of ply with the previous restrictions 
(maximum contraction of 0.2% and homogeneus 
deformation)
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp

Design a circular roof (4/4)
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp



MECHATRONICS 2007 xavier.colom@upc.edu 58

Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp
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Analysis Comp


