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Problem 1 
Circle or write in the correct answer(s). 

Injection Molding 
Your injection molding machine has a fixed maximum injection pressure. If you are producing 
two parts of equivalent volume, a _______ (small, thick part / large, thin part) has the greatest 
risk of a short-shot defect. 

Venting air can be a reason for choosing a parting line location. True / False 

Using a ______ (higher/lower) viscosity material would reduce the clamp force. 

The packing pressure is usually ______ (higher/lower) than the injection pressure. 

Thermoforming 
Draft angles are needed on both thermoformed and injection molded parts. True / False 

Additive Manufacturing 
A larger build volume directly increases your rate of production. True / False 

SLA normally has _______ (higher/lower) resolution than FDM parts. 

Cutting 
You mill a pocket with a given set of parameters (depth of cut, width of cut, feed rate, etc.) 
If you double the spindle speed (while holding all other parameters the same), the cutting force 
_____ (stays the same / doubles) 

If you double the feed rate, the cutting force _____ (stays the same / doubles) 

A major assumption to simplify the geometry for analysis is ______ (orthogonal/oblique) 
cutting. 

You can have a negative rake angle. True / False 

When the shear angle increases, the shear strain _______ (increases / decreases). 

Variation / Quality Control 
If you set the tolerance of a shaft/stem diameter as 0.50” +/- 0.01”, it is the ____ (UCL / USL). 

According to the central limit theorem, _____ (more/less) samples increase the precision of the 
estimate of the average. 

As the subgroup size decreases, the UCL and LCL move _____ (closer/further) to the center 
line, making the control chart ____ (more/less) sensitive to shifts in the mean. 
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Problem 2 - Injection Molding 

Recall the Can Carrier for holding aluminum cans that we saw in the lecture breakout session. 
A few images of the product are shown below. 
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a) Sketch a cross section of the mold used to make this part, identifying and labeling critical 
features. Additional, full size images are included in the appendix for further inspection.  For 
simplicity, sketch the mold at section A-A shown in the figure below, and only draw for a 
single can portion of the part: 
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b) Estimate the cycle time to make the part, if the fill time is 2 seconds.  Treat the part as a 
single flat disk with a diameter of 60 mm and thickness of 1 mm.  The part is made of HDPE 
(high density polyethylene) polymer, with properties given below: 

● Melting point = 130 C 
● Thermal conductivity = 0.44 W/m-K 
● Density = 960 kg/m3 

● Specific heat capacity= 1880 J/kg-K 
Explain your calculations and reasoning. 

c) Estimate the clamping force required for the whole 4 can part, if the injection pressure is 3 
MPa.  You can neglect the interconnecting sections and center holding tab in your 
calculation. 
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Problem 3 - Thermoforming + Additive Manufacturing + Defects 

Inspect the plastic can carrier images further. 
a) On the largest image in Problem 2, find and label all of the part’s gates. What quality 

consideration did the manufacturer make with regards to the gate design/location? 

b) You find out from your customers that the can carriers keep breaking at the weld line 
locations that we saw in class. To counteract this issue, you decide to reduce to one gate, 
keeping it in the same location. Comment on an issue with this design change and another 
defect that it might cause instead. Support this with any fundamental analysis. 

c) Instead of reducing the gates, you instead try to use the same locations but make the 
connectors 10x as thick to avoid fracturing. Comment on an issue with this design change 
and another defect that it might cause instead. 

d) Suggest two ways to avoid these weld lines without changing the design of the part/tooling. 

e) Give two reasons why the manufacturer would not have used thermoforming for this part. Be 
specific about the issue and location/region affected. 

f) What would be an issue with using FDM to make tooling for a thermoformed part? Could this 
be eliminated using SLA for the tooling instead? 
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Problem 4 - Cutting 

One example of a high volume, machined consumer product was the iPhone 6 chassis, shown 
in the figure below: 

You are tasked with machining the pocket for the chassis.  For this analysis, you can simplify the 
geometry and features - treat this operation as milling a rectangular pocket with dimensions of 
130 x 60 x 6 mm. 

The part material is 6061-T6 aluminum alloy with the following properties: 
● Density ρ = 2700 kg/m3, 
● Specific heat capacity = 900 J/kg⋅K 
● Thermal diffusivity = 6.9*10-5 m2/s 
● Specific energy = 0.8 W⋅s/mm3 
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a) You have a coated carbide end mill (3 flute) that is 6 mm in diameter and are roughing the 
whole depth of 6 mm in a single pass. The end mill manufacturer states that the following 
conditions are suitable given your tool/workpiece material combination: 

● Feed = 0.2 mm/tooth 
● Speed = 1400 m/min 

How long would it take you to perform this machining operation, assuming you use a 100% 
stepover (a width of cut of 6 mm) and your machine has no limitations in it’s capability? 

b) In reality your mill has performance limitations.  You have a HAAS VF2 mill rated at: 
● Max Power = 22.4 kW (30 HP) 
● Max Spindle Speed = 15,000 RPM 

Is your machine capable of performing the above operation in the amount of time you 
calculated in part (a)? 

8



c) With the max spindle speed from part (b), what is the power required to perform the
operation?

d) After a few highly publicized incidents of users bending their phone chassis, a design
engineer suggests switching to a titanium alloy to improve stiffness while maintaining the
same dimensions. Qualitatively, in 1-2 sentences, how does this change in material impact
your operation time and tool requirements? Use table 24.2 from Kalpakjian below to help
you with your answer.
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Problem 5 - Quality Control and Variation 

a) A can carrier is defective if the cans will not snap into the carrier correctly. Assume the cans 
themselves have no variation. To succeed with such low profit margins, the can carrier 
manufacturer must have less than 5 defective parts out of every 1000. This is an idealization, as 
injection molding defect rates would probably be much less in practice. The target mean 
diameter is 60mm. The standard deviation is 0.1mm. A z-table is located in the Appendix. 

i. What are the USL and LSL? 

ii. Calculate the process capability (Cp) needed to achieve that minimum defect rate. 
What does your resulting Cp suggest? 

iii. While holding the same specification limits that you calculated in part (i), what is the 
most that your mean diameter could increase and still be able to achieve a Cpk of 0.8? 

iv. If the manufacturers want their process to be certified as “six-sigma” (six standard 
deviations between the mean and the nearest specification limit), what does this 
mean their Cpk is? What would be the problem of trying to use the z-tables in the 
Appendix to calculate the defect rate for the six-sigma case? 

10



b) Inspect the x-bar chart of the can carrier with process mean and control limits (UCL/LCL). 

i. Assuming your process stays in control, what % of sample averages do you expect to 
be in regions C+D? 

ii. D + E + F? 

iii. F? 

iv. How does your answer change if you identify that your process is out of control? 
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Appendix: 
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