
 MIT 2.008 Design and Manufacturing II 

Spring 2025 

Homework 4 – Variation & Quality 

Released: March 5, 2025 2:00 PM  

Learning Objectives 

● Understand how well quality specifications from design will tolerate variation in

manufacturing.

● Learn how to determine whether a process is capable, and how to determine whether a

process is in control.

● Consider how differences between design specifications and manufacturing variation

may lead to quality defects.

● Learn how principles of quality measurement for individual components can impact the

fit between multiple components in an assembly.

General Notes 

● For qualitative answers, we’re not looking for long essays. Please answer using short (1-2

sentence per answer) bullet points.

● For quantitative answers, show your work as clearly as possible. When possible, keep

answers in algebraic form until plugging in numbers at the very end; this way, it is much

easier for graders to understand where you make mistakes and provide meaningful

feedback.

HOMEWORK TOTAL POINTS: 100 pts 
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Problem 1 - Variation - 30 pts 

You’re working on your yo-yo design and specifying bearings.  You’ve determined that for a 

good press fit of the bearing into the housing, you require the outer diameter of the bearing to 

be 10 mm +/- 0.2 mm. 

a) What is your Upper Specification Limit (USL) and Lower Specification Limit (LSL)? 

 

 

 

 

 

 

 

b)  You find a supplier who says they can provide a 10 mm bearing.  If the bearings 

provided have a mean of 10 mm and a standard deviation of 0.15 mm, what percentage 
of bearings will meet your specifications? A Z-score table is provided in Appendix I. 
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c) Sketch this normal distribution, and indicate on the plot the Mean, LSL, USL, ZUSL, ZLSL, 
and Zmin. 

 

 

 

 

 

 

 

 

 

d) After feedback from engineers in assembly, you determine that the specification for 

the bearings must be adjusted to 10 mm +0.1mm/-0.3mm.  Given the same batch of 

bearings from the supplier, determine what percentage will fit your system under the 
new requirement. 
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Problem 2 - Process Capability and Control - 50 pts 

a) You find the housing for the bearing to have an average inner pocket diameter of 10.1

mm with a standard deviation of 0.1mm.  If your specification for the pocket is still 10

mm +/- 0.2 mm, what is the capability Cp and capability index Cpk of this process?

b) Are the capability Cp and capability index Cpk the same?

If not, why are they different? 

Is this process capable?  
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c) Inspect the components of the equations for Cp and Cpk. Assuming the specifications

and process mean cannot be modified, what needs to change to increase the capability

of the process? Inspect the components of the equations for Cp and Cpk 

The pocket is machined by making radial passes using a 6mm end mill. List 2 practical 
(qualitative) actions/tweaks to the machining process for the housing which might 

achieve this change.  

-

d) During the manufacturing of the housing, quality engineers determine the process

statistics by measuring samples of the pocket diameters. Parts are measured in sample
sizes (n) of 9 each in order to check whether the process is stable. What is the Upper
Control Limit (UCL) and Lower Control Limit (LCL) used during this sampling?
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e) Will the pocket fail to meet specifications while still being considered in control, given

the sample size of 9? Why or why not?

f) While operators are in the middle of making a large order of housings, the Shewhart

Control chart shows that sample groups of the pocket diameters have shifted to a mean
of 10.15 mm. Assume the process has the same standard deviation.

What are the new control limits? 

What percentage of parts are expected to be out of spec without engineers detecting a 

loss of control (i.e. above USL or below LSL but within UCL and LCL)? 
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Problem 3 - Variation for an Assembly  - 20 pts 

During your 2.008 projects, you are making yo-yos which contain injection-molded red bodies 

and yellow outer rings. You need to ensure that the rings will snap-fit onto the bodies. 

Assume that the yellow ring ID is specified to be 70.00 +/- 0.10 mm (USL 70.10, LSL 69.90), and 

the red body OD is specified to be 70.20 +/- 0.10 mm (USL 70.30, LSL 70.10. This means a 

specified interference fit of 0.20 +/- 0.20 mm (USL 0.40, LSL 0.00) for when these two parts are 

press-fit together. 

After carefully measuring a small sample batch of bodies and rings, you have determined that 

the measured dimensions of the parts vary according to the following:
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Dimension Mean [mm] Standard Deviation [mm] 

OD of red body 70.05 0.16 

ID of ring (yellow) 70.45 0.34 

a) Considering the failure modes of injection molding:

List 2 potential common (random) causes for variation in dimensions 

List 2 potential assignable (systematic) causes 

Answer generally about the injection molding process, not separately for each 

component. 

b) Using the same logic you followed in Questions 1 and 2, you determine that only

9.89% of rings and 31.89% of red bodies meet their specifications, respectively.

If you randomly select one of the yellow rings and one of the red bodies, what is the 

chance that both will be within their specifications? 
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c) You realize that although you may have very low odds of finding 2 parts both within

spec, you might have better odds of randomly selecting a ring and a body and having

them fit together, since out-of-spec parts can fit out-of-spec parts as long as the

interference is within spec. So let’s consider the distribution of the interference in the

assembly, rather than the distributions of each individual part’s dimension.

Combining Normally Distributed Data Sets 

Using the formulas for combining normally distributed data sets above, calculate the 

mean and standard deviation of the interference (red OD - yellow ID). 

d) If you randomly select one of the yellow rings and one of the red bodies, what is the

chance that they will fit together within the specified range of interference (USL 0.40,

LSL 0.00)?

What accounts for the difference between this answer and your answer to part (b)? 
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Appendix I: Z-score Table 
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