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MIT 2.008 Design and Manufacturing II 
Spring 2023 

March 22, 2023 

 

● Closed Book 

● All work for CREDIT must be completed in this quiz document 

● You are allowed one double-sided, handwritten 8.5” x 11” notes sheet 

● Calculators are allowed 

 

Name: ____________________________________________________ 
 

Problem 1  Out of 15 points 

Problem 2  Out of 20 points 

Problem 3  Out of 25 points 

Problem 4  Out of 20 points 

Problem 5  Out of 20 points 

Total  100 points 
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Problem 1  
Circle or write in the correct answer(s). (1 pt each) 
 

a) Injection molding, when starting from pellets, begins with a (filling / plasticizing) step 

where the pellets are fed into a screw-type extruder via a hopper. 

 

b) In injection molding, deformation due to warpage can be reduced by reducing the cooling 

time and lowering the ejection speed. True / False 

 

c) Injection-molded uniform part thickness helps the plastic cool evenly and avoid residual 

stresses. True / False 

 

d) Improving the surface finish on an injection mold can help decrease flash defects. True / 
False 

 

e) In thermoforming, it is a general rule of thumb that the area of the plastic sheet that touches 

the mold (first / last) will be the thinnest. 

 

f) Increasing the draw ratio in thermoforming is likely to reduce tearing defects. True / False 

 

g) (Heating / Cooling) is usually the rate-limiting step in thermoforming since it is limited by 

the rate of convective and radiative heat transfer. 

 

h) You are turning a part on a lathe with a constant surface speed, feed, and depth of cut.  If 

you step down to a new diameter that is half of the original diameter, the cutting force 

(decreases / stays the same / increases). 

 

i) In machining, it’s possible to have zero thrust force. True / False 

 

j) The angle between the plane of a cut and the surface of a workpiece in machining is 

known as the (rake angle / shear angle). 

 

k) In machining, you want to avoid changing feed and surface speed in tandem with each 

other to make sure you are optimizing your process. True / False 
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l) The insertion force for press fit is linear with insertion depth. True / False 

 

m) With regards to process control, it is possible to be in control but fail to meet specification 

requirements. True / False 

 

n) When Cp > Cpk, it indicates that the average is centered on the target value. True / False  

 

o) Your tolerances always have to be +/- 3 standard deviations. True / False 
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Problem 2 - Injection Molding 
Let’s analyze the following parts: 

 

 
Figure 1. Pawn chess piece. 

 

 
Figure 2. Bottle cap. 

 

 

a) Sketch cross sections of the molds used to make both these parts, identifying and 
labeling all critical features of the part and components of the mold. (10 pts) 

 
 
 
 
 
 
 
 
 
 

Parting line 

Gate 

Gate 
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You are hired as a consultant by a company that manufactures jewel CD cases. In particular, they 

are having trouble with the black piece that holds the CD (Figure 3). The processing conditions 

and material properties are listed in the table below. 
 

Injection temperature (T) 260 °C 

Injection pressure (Pi) 3000 psi 

Hold pressure (Ph) 5000 psi 

Cooling time (tc) 10 s 

Material Polystyrene 

Thermal diffusivity (α) 5.9 x 10-4 cm2/s 

Coefficient of thermal expansion (a) 8 x 10-5 1/K 

 

 
Figure 3. CD case. 
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b) If the company is making four of these parts per mold, how much clamp force needs to 

be applied by the injection molding machine? (4 pts) 

 
 

 
 
 
 
 
c) The company is having problems with case breaking in the locations shown in Figure 4. 

Why are the cases breaking here? It may be helpful to use a sketch to show your 

reasoning. (3 pts) 
 

 
 

Figure 4. CD case failure regions. 

 

 

 

 

 

Failure Regions 

Gates 
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d) What changes would you recommend to alleviate this issue? (3 pts) 
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Problem 3 - Cutting 
The iPhone 6 housing (shown below) is to be machined from an aluminum (6000 series) block. 

 

 
Figure 5. iPhone 6 aluminum housing. 

 

 

Figure 6. iPhone 6 dimensions. 
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a) If half of the workpiece volume is removed by machining using one 0.25-in-diameter, 4- 

flute (teeth) end-mill, estimate the machining time. Refer to the table below for machining 

parameters. (15 pts) 
 

 
Specific energy 

(hp-min/in3) 
Feed (in/tooth) 

Cutting speed 

(ft/min) 
Depth of cut (in) 

Aluminum 0.30 0.002 150 0.05 
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b) To optimize surface finish, the manufacturers decide to change end mills for the final 20% 

of the machining process. Revise your estimate assuming that 80% of the machining is 

done using the tool in part (a) and the remaining 20% is done using a 1/16-in-diameter, 2-

flute tool with the same machining parameters. (10 pts) 
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Problem 4 – Assembly & Joining 
Shrink fits (analogous to press fits) take advantage of thermal expansion to hold two components 

together without additional fixturing or adhesives. Consider a 5 mm thick aluminum ring of inner 

radius (ri ) 4 cm that was shrunk to fit into an aluminum outer ring with outer radius (ro) 10 cm. The 

interface (R) between them is thus 4.5 cm from the center. Their depths (into the page) are equal 

to 1.5 cm. The static friction coefficient between them is 0.7. Use E = 70 GPa and α = 20 * 10-6 

1/K.   

 

The process of assembling them together was:  

● Heat the outer ring to 200oC above the ambient until the inner radius of the outer ring could 

smoothly fit over the inner ring. 

● Allow assembly to cool to ambient.  

 

 

Figure 7. Joining of two aluminum rings. 

 

a) What is the force required to separate the two rings after they have reached thermal 

equilibrium with the ambient? (5 pts) 
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b) If the coefficient of kinetic friction is 0.55, what is the work required to complete the 

separation? (Press fit equations can apply here). (5 pts)    
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c) If the thickness of the inner ring is doubled and the interface radius unchanged, calculate 

what happens to the force you calculated in part (a) and the work needed to separate the 

assembly you calculated in part(b)? (5 pts)    
 

 

 

 

 

 

 

 

 

 

 

 

 

 
d) What about when the outer ring doubles its thickness, keeping the original inner ring 

thickness and interface radius the same? Please calculate and explain what happens to 

the force you calculated in part (a) and the work needed to separate the assembly you 

calculated in part(b)? (5 pts)    
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Problem 5 - Variation / Quality Control 
We are tasked with improving a steel plate process to produce defect-free parts as quickly as 

possible. The target plate thickness is 100 cm with a USL of 103 cm and a LSL of 97 cm. Previous 

testing has shown that the process has a Cp = 0.80 and Cpk = 0.20. 

 

a) Calculate the current mean (μ) and standard deviation (σ)? What is the percentage of 

NON-conforming parts? Appendix I provides z-score tables. (5 pts) 
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Now, let’s focus on quality control for the mean sample shown below. A distribution of 30 sample 
means is monitored to ensure whether the process is in control. Each sample mean is comprised 

of 16 samples. The grand mean, which is the average of the sample means, is 10. The mean 

sample standard deviation is 1.5. 

 

 
 

b) Calculate the UCL (3𝜎̅) and LCL (−3𝜎̅). (4 pts) 
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c) Plot on the graph the following components: UCL, LCL, and 𝑥̿. (6 pts) 

 

 
 

d) Is the process in control? Please explain in detail, draw any other items on the graph 

needed and quote specific references if used. (5 pts) 
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Appendix I: Z-score Table 

 

 

𝑧 =
𝑥 − 𝜇

𝜎
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