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DEPARTMENT OF MECHANICAL & MANUFACTURING ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 1

SEMESTER 2

1997/98

EXPERIMENTAL METHODS

Examiners:
Mr J Lomax/Dr D Koshal

This is an Open Book Exam

Attempt FOUR questions only.




Time allowed: 2 hours

All questions carry equal marks


           Total number of questions = 5

The figures in brackets indicate the relative weightings of parts of a question.

At the conclusion of the exam you will be asked to leave your exam script plus 

one log book for each subject (Dynamics, Materials, Manufacturing, Mechatronics 

and Thermo Fluids)

Ensure that any log book loose papers are in the correct log book and that each

loose page has your name and subject recorded on it in the top right hand corner.

The following are supplied:


3 cycle Log/Log graph paper


Graph paper
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1.
Experimental Errors - EXP12.


In the experiment a paper rule was made, calibrated and then used to measure a metal triangle.  The standard deviation in errors on subsequent measurements was taken as the standard deviation of the rule.  Statistical formulae were then used to determine the standard deviation of the periphery and the volume when measured with the paper rule.  Then the upper and lower limits based on one-standard deviation of the paper rule were compared with the values produced when a vernier calliper gauge was used to perform the measurements.


(a)
Manufacture and calibration




(i)
state how you made the paper rule




(ii)
show the calculation of the standard deviation of the rule 'rd'















(4)


(b)
Measurement of length of individual sides (A, B, C).




Use your results to complete a copy of the following table:

	                                        Side
	A
	B
	C

	measured length of each side using rule '1' mm
	
	
	

	upper limit of each side: (1 + rd) using rule mm
	
	
	

	lower limit of each side: (1 - rd) using rule mm
	
	
	

	measured length of each side using vernier mm
	
	
	















           (8)


THIS QUESTION CONTINUES ON THE NEXT PAGE
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(c)
Determination of triangle periphery (sum of sides)


State the formula to determine the standard deviation of a sum.  


Use your results to determine the following :


(i)
periphery based on rule measurements


(ii)
upper limit of periphery based on rule


(iii)
lower limit of periphery based on rule


(iv)
periphery based on vernier measurements




(6)

(d)
Overall


(i)
State the proportion of your actual vernier based results that 



were beyond the upper and lower limits of the results based 



on the rule


(ii)
discuss the proportion that you would expect to find beyond 



the limits


(iii)
discuss why these two proportions may be different



(7)
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2.
Materials Engineering - MAT 13


For this question use the data you gained on measuring properties of EN1(T), EN1(Q), EN16(T), EN16(Q) (where (T) means tempered or air cooled, and (Q) means quenched in oil)


(a)
Enter your data into a copy of the following table allowing for rig 

compliance:

	Material
	EN1(T)
	EN1(Q)
	EN16(T)
	EN16(Q)

	Elastic modulus (GPa)
	
	
	
	

	Yield tensile stress (MPa)
	
	
	
	

	Ultimate (or break) stress (MPa)
	
	
	
	

	% Elongation at break
	
	
	
	

	% Reduction in area at break
	
	
	
	

	Vickers Hardness number
	
	
	
	

	Rockwell B hardness
	
	
	
	

	Rockwell C hardness
	
	
	
	
















(8)


(b)
(i)
Produce a plot of the various hardness results versus yield 





tensile stress.








(8)


(c)
Explain the following :




(i)
the reasons why the curves for the plot based on yield stress





are neither linear nor similar to each other




(ii)
which hardness scale provides the best predictor of tensile 




stress  and explain why?




(iii)
why necking occurs in some specimens and not in others?  





Explain why necking does not necessarily start immediately.

(9)
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3.
Thermofluids - THF 11


(a)
Define the Reynolds number







(5)


(b)
Describe how this number is used in the analysis of laminar and 


turbulent flows









(5)


(c)
Write the Bernoulli equation taking into account the energy head


 


loss along the pipe and explain the meaning of the terms in this


 


equation









(5)


(d)
Describe the concept of the non-dimensional friction factor, its





contribution to the energy head loss and its dependence on the 





Reynolds number








(10)
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4.
Electrical Engineering - ELE 11


(a)
Describe the fundamental purpose of a capacitor.




(3)


(b)
Assuming that the 100 mF capacitor shown in fig Q4 is initially 



uncharged and then the switch is closed:




(i)
Sketch the transient voltage response across the capacitor to

 


scale on graph paper




(ii)
Determine the time constant from this graph and the 




voltage at that point.

(iii)
Calculate the theoretical time constant from the component 



values




(iv)
Discuss the reasons for possible differences between the 





theoretical experimental time constants




(12)


(c)
Sketch the likely transient response if the resistor were halved in


 


value, and calculate the value of the time constant




(3)


(d)
Draw a circuit for a low pass filter using a 6.3 mF capacitor and a 22 kΩ 




resistor.  Calculate the 'characteristic' frequency (or bandwidth) and 




sketch the frequency response on a log scale





(7)
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Figure Q4
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5.
Manufacturing Engineering - MAN 12 and MAN 13 with referencce to


figure Q1 in MAN12 and the associated sample program.




(5)


(a)
State the meaning of the five individual code words in block 5:




G99 G40 G96 S150 M13


(b)
State the function of the five individual blocks comprising the part-





off module









(10)








(c)
Rewrite the 10 block module defining the roughing cycle from 




G71 to G40 to produce the different geometry shown in Figure Q5 below.




Assume that the billet and tools remain the same.




(10)
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Figure Q5
_1004345909.unknown

