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SCHOOL OF ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 2

SEMESTER 2

1998/99

MANUFACTURING ENGINEERING

Examiners:  Dr D Koshal / Mr H L Cather

Attempt FIVE questions only
Time allowed: 3 hours



Total number of questions = 8

All questions carry equal marks.

The figures in bracket indicate the relative weighting of parts of a question.

Special requirements: 
None

1. 
(a)
With the aid of sketches briefly explain the difference between direct  




extrusion and indirect extrusion.
(6)






(6)


(b)
In the hot extrusion process briefly discuss the effect of velocity upon the total ram pressure and the process accuracy.
(4)





(4)



(c)
Two billets both of diameter 50 mm and lengths 160 mm and 210 mm respectively, are extruded under identical conditions. The maximum pressure required in each case was measured as 420 MPa and 450 MPa respectively. Calculate the coefficient of friction that exists between the billet and container.
(10)





(10)

2. 
(a)
Briefly explain what is meant by the term ‘Process Capability’.
(2)


(3)


(b)
A machine process that was believed to be subjected only to ‘common causes’ was monitored with ten samples, each of five components taken every twenty minutes. Details of the samples are given in Table Q2a


	Sample
	
	
	Dimension
	
	

	
	
	
	
	
	

	1
	8.04
	8.01
	7.98
	8.02
	8.00

	2
	8.02
	7.97
	7.96
	8.01
	8.02

	3
	8.01
	8.07
	7.99
	8.03
	8.00

	4
	7.98
	7.97
	8.02
	7.98
	7.98

	5
	7.99
	8.03
	7.98
	8.02
	8.01

	6
	8.02
	7.95
	8.04
	8.02
	7.95

	7
	8.00
	7.99
	8.01
	8.02
	8.01

	8
	7.99
	8.02
	8.00
	8.04
	8.09

	9
	8.03
	8.04
	7.99
	8.02
	7.94

	10
	8.02
	7.98
	8.00
	7.99
	8.02


Table Q2a
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(i)  
Using the appropriate constants from Table Q2b calculate the control 





limits on means  and ranges.  Plot the samples on the control charts for 





Mean and Range.
(14)


(13)



(ii)      Comment on the drift and variability of the process.
(4)

	
	Normal mean chart
	Range chart

	
	
	
	
	

	Sample size
	Warning limit
	Action Limit
	Warning limit
	Action limit

	n
	A' 0.025
	A' 0.001
	D' 0.975
	D' 0.999

	
	
	
	
	

	2
	1.128
	1.937
	2.810
	4.120

	3
	0.668
	1.054
	2.170
	2.980

	4
	0.476
	0.750
	1.930
	2.570

	5
	0.377
	0.594
	1.810
	2.340

	6
	0.316
	0.498
	1.720
	2.210

	7
	0.274
	0.432
	1.660
	2.110

	8
	0.244
	0.384
	1.620
	2.040

	9
	0.220
	0.347
	1.580
	1.990

	10
	0.202
	0.317
	1.560
	1.930

	11
	0.186
	0.294
	1.530
	1.910

	12
	0.174
	0.274
	1.510
	1.870


Table Q2b   Constants for Limits on Mean and Control Charts

3.
(a)
With the aid of sketches show how the force varies with the following 




parameters in orthogonal cutting.

(i) Surface speed
(2)

(ii) Feed rate
(2)

(iii) Depth of cut.
(2)


(b)
In a turning test carried out on mild steel the following data were obtained using orthogonal cutting conditions.



Tool rake angle
13o


Cutting speed
50 m/min



Depth of cut 
0.15 mm



Width of cut
3.5 mm



Tool contact length
1.0 mm



Tangential force 
460 N



Vertical force
210 N



Chip thickness
0.45 mm



Using Merchant’s analysis determine by graphical means or calculations,



(i)  
the angle of  inclination of the plane of shear
(7)



(8)



(ii)
the coefficient of friction between the tool and the chip.
(7)

(8)

4.
(a)
Discuss the SIX common modes of cutting tool failures and explain how, in 




each case, it can be reduced or eliminated.
(15)






(15)


(b)
Briefly discuss the limitations of Taylor’s cutting tool life equation.
(5)

5.
The sliding dog shown in figure Q5 is machined from 50 mm diameter steel bar in batches of 200. Devise a suitable machining sequence to produce the dog on a programmed capstan lathe and a horizontal milling machine.


Calculate the minimum floor to floor time using the following machining information:-

Milling

Cutter data 



Number of teeth        
10



Diameter
100 mm



Width
14 mm



Maximum speed
0.7 m/s



Feed per tooth
0.1 mm

Loading and unloading time
60 s

Fixture and indexing time
20 s

Turning

Loading and unloading 


time (2nd operation)
30 s

Maximum turning speeds


Carbide tools 
0.5 m/s


HSS cutters and drills 
1 m/s


Reamers 
0.4 m/s

Maximum feeds


Turning and drilling
0.2 mm/rev


Reaming 
0.5 mm/rev


Parting off and recessing 
0.05 mm/rev

Turret indexing and bar 



           feeding time
3 s

Assume that the maximum and minimum spindle speeds on the lathe are 2500 and 60 rev/min respectively, and that within this range all the calculated maximum speeds are available.


(20)
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6. (a)
Briefly discussed the possible potential benefits which can be realised by



designing electronic circuits using surface mount components rather than 



conventional components. 

(10)

(b) Discuss the significant changes which have to be made in the printed circuit 


board when switching from standard insertion mount components to the new high density surface mount components. 
(10)

7.  
A mild steel component, manufactured in a large batches, is to be reduced from 

60 mm to 40 mm outside diameter on a lathe using carbide cutting tools having a recommended cutting tool life of 25 minutes. 


The following feeds and speeds are available on the lathe: 


Feed (mm/rev)

0.04  to 0.4 in steps of  0.02


Speed  (rev/min)



50,   70,   98,   137,   192,   269,   377,   527,  738,   1033,   1446,   2025

The maximum input to the drive motor is 15 kW and the transmission of efficiency of the maximum power is a 65%


(a)
Calculate the best value of cutting speed and feed if 



V  T0.25  f0.35   =   6.4


 and 
P = 1600  f0.87  d  V



 where 
 P = 

Power (Watts) 




 T =  
Tool life (minutes)




V  = 

Cutting speed (m/s)




f   = 

Feed rate (mm/rev)





d  =    
Depth of cut (MM)








depth of cut (mm)


If the tangential cutting force is limited to 2500 N select the nearest feed (ie above or 


       
below the calculated value) and select the nearest spindle speed below those giving 



optimal conditions. 
(16)


(b)
Calculate the metal removal rate for the cutting condition.
(4)

8.
(a)  
With the aid of sketches identify all the forces in orthogonal cutting and 




oblique cutting operations. Which force contributes most to the power 




required during cutting?
(5)

(b) (i)
Discuss why studying the types of chips produced is important in 



understanding cutting operations. 
(2)

(ii) Discuss the differences between continuous chip and discontinuous


 chip and the conditions which give rise to each.
(13)
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