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1. No questions allowed.  Make any assumptions you deem necessary.  They will be considered according to their validity.

2. ‘No questions’ means no questions and no attempts of a question.  If any part of the exam is unclear to you or seems questionable, make your own assumptions.  Your copy of the exam will be revoked if you attempt to talk or ask a question.
3. No questions also means not asking about how much time is left! We’ll update you when we remember, but don’t ask.
4. Borrow any thing you may need before the exam starts.  You are not allowed to talk to or share resources with anyone during the exam.

5. If your mobile rings, you will be given the choices of leaving immediately or giving up your mobile (device and SIM) for one week.

6. Show all work for Partial Credit

	Question
	Points
	Grade

	1
	35
	

	2
	55
	

	3
	30
	

	Total
	120
	


Question 1
(35 points)

The break-even point is to be determined for two production methods, one a manual method and the other automated. The manual method requires two workers at $8.00/hr each. Together, they produce at a rate of 40 units/hr. The automated method has an initial cost of $100,000, a 5-year service life, no salvage value, and annual maintenance costs = $3000. No labor (except for maintenance) is required to operate the machine, but the power required to run the machine is 50 kW (when running). Cost of electric power is $0.05/kWh. If the production rate for the automated machine is 100 units/hr, determine the break-even point for the two methods, using a rate of return = 15%. [15]
	n
	1
	2
	4
	5
	7

	P/A (15%)
	0.87
	1.63
	2.85
	3.35
	4.16


	


a. How many steps are needed by a stepping motor with 120 step angles to produce a 1.0 mm linear motion using a power screw with a 3 mm pitch? [5]

	


b. What is the expected position error in part ‘a’ above? [5]

	


Consider the following conventional machines: Mill, Lathe, Drill, and Grinder. Choose the best machine for each of the following operations by placing its first letter next to the operation. [10]
__
Fine finishing a thread (((().

__
Drilling one coaxial hole on a cylindrical shaft.

__
Cutting gear teeth on a cylindrical disk.
__
Drilling 10 through holes of the same size on a square plate.

__
Drilling one hole on a square plate.

Question 2
(55 points)

What is the average annual cost of a machine (over 3 years) that costs an initial investment of LE 80,000 and running expenses of LE 8,000 in the first year that increases by LE 5,000 every year thereafter?  The market value of the machine at the end of the third year is LE 40,000?   Assume that running expenses are paid at the end of the year and that i = 10%. [10]

	Factors for i = 10%

	N
	1
	2
	3

	P/A
	0.9091
	1.7355
	2.4869

	P/F
	0.9091
	0.8264
	0.7513


	


A DAC uses a reference voltage of 80 V and has 6-bit precision. In four successive sampling periods, each 1 second long, the binary data contained in the output register were 100010, 100001, 011111,  and 011100. Determine the equation for the voltage, as a function of time, between sampling instants 3 and 4 using a second-order hold. [15]
	


Please indicate whether each statement of the following is True (T) or False (F) by circling T or F. [30]
[+2 if correct, +0 if not answered, -1 if answered wrong].

1. T
F
An AGV may be used for automated inspection.

2. T
F
Manufacturing of printers is likely to fall under ISIC code 39.

3. T
F
A typical part in a batch production shop may waste over 98% of its time in non-value added activities.

4. T
F
A CNC lathe is an example of programmable automation.

5. T
F
Mass production of plastic bottles requires flexible automation.

6. T
F
A bimetallic strip may act as a switch.

7. T
F
Steady-state optimum control assumes no disturbances.
8. T
F
A transducer is an electronic device that converts energy from one form to another.
9. T
F
Virtual reality may be used for manufacturing planning.

10. T
F
Machines have better sensors than humans.

11. T
F
A hydraulic valve may be electrically controlled.

12. T
F
Automation of tertiary industries is likely to be software oriented.

13. T
F
A relay switch is an example of a sensor
14. T
F
Regulatory control is open-loop.
15. T
F
CNC instructions are called part program commands.
Question 3
(30 points)

Given the Part-Machine Incidence matrix below, use the rank order clustering technique to develop part-machine groups.  There are 5 machines (I thru. V) and 5 parts (A thru. E).  Find a way to resolve any conflicts. Summarize your solution in the table at the bottom. [20].
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	Family #
	Machines
	Parts

	1
	
	

	2
	
	

	3
	
	


	What is the type of the way valve shown to the right?  Please circle one of the following:

                  4/3                     4/2                        5/2                    5/3
	
[image: image1.png]





Indicate how oil flows in each of the possible position of the valve.  Number the positions from left to right. Put a check mark in the ‘No Flow’ column if no flow takes place in a position, otherwise, indicate the direction of the flow in the ‘Flow’ column. You may not need 5 positions. [10]
	Position
	Flow Status

	
	No Flow
	Flow

	1
	
	From ____ to ____ and From ____ to ____

	2
	
	From ____ to ____ and From ____ to ____

	3
	
	From ____ to ____ and From ____ to ____

	4
	
	From ____ to ____ and From ____ to ____

	5
	
	From ____ to ____ and From ____ to ____
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