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GEORGE W. WOODRUFF SCHOOL OF MECHANICAL ENGINEERING
GEORGIA INSTITUTE OF TECHNOLOGY

DESIGN QUALIFIER
SPRING 2006
WRITTEN EXAMINATION
We are interested in learning what you know and your ability to reason in the formulation and

solution of design problems.

If you find any question or part of this exam confusing, please state your assumptions and
rephrase the question and proceed.

Please read the entire exam first.

Questions 1 and 2 carry equal points. Both have multiple parts.

Allocate your time carefully so that you cover all three parts that you are being examined
on in these two questions, namely, Methods, Realizability and Analysis.

A document containing some formulae is available for vou to use in answering Question 2

ORAL EXAMINATION
Please arrive half an hour before the scheduled time for the oral exam. During this period we
will give you a question to think about. The scope of the oral exam is as follows:
*  provide an opportunity for you to state how design fits into your research activities;
* probe your understanding of the question that we posed to you in the preceding half
hour.
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QUESTION 1 - METHOD & REALIZABILITY

THE PROBLEM
O“ Due to the recent mining tragedies, there has been an increased interest in the
safety of mine workers. Corporations in the mining industry are searching for
ways to eliminate mining accidents altogether; however, because we can never
eliminate mining disasters completely, each mining company must develop the
tools necessary to protect and rescue miners in the event of a cave-in or
explosion. Your task is to design mine safety and rescue equipment. The
equipment that you design will have two purposes—to protect miners in
hazardous situations and to guide rescue teams to trapped or wounded miners.

MINER’S SAFETY EQUIPMENT

Miner’s survival vest

Each time a miner descends into the earth, he must be prepared to face a
mining disaster. Since mining accidents are unpredictable, miners must wear
their safety gear on the job at all times. To make it easier for miners to
perform their mining tasks while carrying personal safety equipment, a
particular mining company has commissioned you to design a “Miner’s
Survival Vest.” This safety tool will be worn like a vest and will contain all
the necessary tools to allow a miner to survive in the earth for several hours in a
disaster situation. In designing your miner’s survival vest, be sure to include the
means for a miner to survive in the presence of contaminated air, and include tools for basic ﬁrst
aid in the mine. Be sure that the miner’s survival vest does not significantly interfere with the
miner as he/she works.

Task
Assume that you are in charge of the design team responsible for developing a survival vest for
miners. Speculate about the events faced by a miner once there is a disaster and include the
following considerations in your design.

e What is the function structure that provides the most flexibility for designing derivative
products used in hazardous situations?
What are the components of your miner’s survival vest?
How can the miner’s survival vest make use of the natural resources in the mine?
How can the miner’s survival vest guide rescue workers to trapped / wounded miners?

How can the miner’s survival vest alert rescue teams as to the medical condition of the
miner?

Deliverables
Method
1. Clarify the Task: State the overall function of your system in solution neutral terms.
What are the most important drivers/design criteria? Define a design requirements list.

2. Conceptual Design: State and implement the steps (including functional
diagrams/decomposition) for transforming the overall function that you have identified
into at least three alternative design solutions. Ensure that you have identified the
important sub functions. Sketch and describe the workings of these alternatives.
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3. Selection: Suggest a structured approach to select one of the alternatives for further
development.

Realizability
4. Embodiment: Further develop the alternative that you have selected.

5. Costing: How would you estimate the cost of your design? You may critically evaluate
the design in terms of manufacturability, initial cost, maintenance cost, reliability,
manipulation performance, and other criteria that you feel are important to consider in
this phase of design.

6. Pricing: Based on the preceding analysis, how would you estimate the market size for
such a system and set the price for selling such a system? Be brief.
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QUESTION 2A - COMPONENTS DESIGN ANALYSIS
2A. Short answer. Please write a complete descriptive answer in the space provided.

a. When the torsion spring is loaded to close the coils, the coil
decreases and its increases as the coil is “wound up”? (0.5 pt.)

b. For a helical extension spring, what do we mean when we say that the end is a standard
end? (0.5 pt.)

c. Explain the meaning of Basic Load Rating (Dynamic Load Rating). (0.5 pt.)

d. Compare and contrast ball bearings and roller bearings in terms of speed and load
carrying capabilities. (0.5 pt.)
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e. What is a Pressure Line? (0.5 pt.)

f.  What is the effect of undercutting on gear tooth? (0.5 pt.)

g. Why is it desirable to have Contact Ratio, m, > 1? (0.5 pt.)

h. Why is Backlash undesirable? (0.5 pt.)
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2B. The joint shown below is subjected to a fluctuating load that varies between P = 0 and P =
2000 Ib. The bolt is a 5/16 — 18 UNC-2A SAE class 5.2 steel bolt with rolled threads. The joint
dimensions are D = 1 in. and / = 2 in. The clamped length is 2 in., and the bolt length is 2.5 in.
Both of the clamped parts are steel. The effects of the flanges on the joint stiffness will be
ignored. A preload of 90% of proof strength is applied. The following fatigue modifying factors
should be assumed: Cp =0.90, Cs =1, Cg =0.76, Cr =1, Cr = 0.81, K¢, = 1.1 and K¢ = ? (0.5 pt)
The bolt stiffness is K, = 1.059E6 Ib/in, K, = 1.063E7 1b/in.

Determine the following:

Resultant bolt load (0.75 pt)

Resultant member load (0.5 pt)

Alternating stress (0.25 pts)

Mean stress (0.25 pt.)

Stress due to preload (0.5 pt.)

Endurance strength (limit) (1.0 pt)

Load factor guarding against bolt failure (0.75 pt)
Load factor guarding against joint separation (0.5 pt)
Safety factor against static yielding (0.5 pt.)
What tightening torque should be used (0.5 pt)

TEER e Q0 o
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