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Assignment #6 
 

Material and Manufacturing Processes (M2794.001800) Fall 2014, Prof. Ahn, Sung-Hoon 
Out: November 24, 2014 / Due: 6PM, December 2, 2014 (Bldg. 301, Room 1405) 
 

 

 

1. A rectangular cantilever beam 75 mm high, 25 mm wide, and 1 m 

long is subjected to a concentrated force of 100 N at its end. Select 

unreinforced and reinforced polyesters, and calculate the maximum 

deflection of the beam. Then select aluminum and steel, and for the 

same beam dimensions, calculate the maximum deflection. Compare 

the results. 

 

 

2. Consider a composite consisting of reinforcing fibers with 𝐸𝑓 = 300 GPa. If the allowable fiber stress is 

200 MPa and the matrix strength is 50 MPa, what should be the matrix stiffness so that the fibers and matrix 

fail simultaneously? 

 

 

3. Various shapes of material can be used as reinforcement of composite. Mechanical properties of the 

composite with cylindrical reinforcement, such as carbon nano-tube, and platelet reinforcement, such as nano-

plate, are superior to the one with spherical reinforcement due to large surface area per unit volume (A/V ratio). 

(1) To explain these phenomena, derive an equation describing the relation between aspect ratio and A/V ratio 

and (2) plot a graph of A/V ratio vs. aspect ratio and explain the phenomena with the graph. In the case of 

spherical reinforcement, (3) explain how the spherical reinforcement is able to affect the strength of composite 

with the relation between radius and A/V ratio. (The unit of A/V ratio is (2𝜋 𝑉⁄ )
1

3.) 

 

 

4. Polymer’s deformation can be modeled using spring-damper as below figure. Draw strain-time curve when 

condition is given below table. Suppose that stress is loaded for 5 seconds. You can use drawing tool such as 

MATLAB or EXCEL. 

 

 
 

5. Explain the correlation between surface roughness and build time in rapid prototyping process. 

 

 

 

 

 

Materials E (GPa) 

Polyesters 2.0 

Polyesters (reinforced) 10 

Aluminum 70 

Steel 200 

Case 1 2 3 4 

Spring constant (N/m) 10 10 20 20 

Damping constant (N s/m) 5 10 10 10 

Force (N) 100 50 
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6. Figure 5-1 shows a composite beam structure for soft-morphing actuator. Answer the questions using material 

properties. Calculate tensile modulus of the composite material along x direction and y direction respectively. 

 

 
Figure 5-1 composite material and its 

mechanical properties 

 

Property Fiber material Matrix material 

Tensile 

modulus 

(MPa) 

2200 0.87 

Volume 

fraction 
0.45 0.55 
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