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QUESTION 1.

(@)  Derive an expression for energy dissipated on a horizontal milling machine using an
up-cut slab mill tool. Include clearly labeled sketch to clarify your derivation. Use
a 0.5 ) : W
chip thickness t = tmean = fi(a/D)  (Schlesinger formula) in the derivation.
[13 marks]
(b) Calculate the energy dissipated in the slab milling process given the following slab
milling data:
Tooling:-
Cutter diameter = 8Smm
Tool depth of cut on workpiece = 2.5mm 1
Tool feed rate against the workpiece = 30 mm min’
Workpiece:- _ 5
Specific cutting pressure for workpiece material = 3200 N mm’
Workpiece width of cut = 80 mm
[7 marks]
QUESTION 2.
(a) Describe flat surface grinding. Give a sketch to illustrate your answer. [7 marks]
(b) i) Derive the expression for chip thickness t in flat surface grinding. [10 marks]
ii) Calculate the chip thickness t in flat surface grinding given the following
grinding process data:
Grinding wheel diameter D 150mm
Depth of cut d = 0.05mm
Grit tangential velocity \Y% = 2400 m min™
Workpiece feed rate v = 90 mmin’
Grit, quantity C = 6 units per mm?
Ratio of width to depth of groove cut by grit r = 11
[3 marks]
UESTION 3
(a) Derive the expression for friction energy dissipated in orthogonal single point
cutting. Use relevant force and velocity vector diagrams in the derivation.
(b)

' ' . [14 marks]
Orthogonal single point cutting data from a Lathe Dynamometer Test is as follows:

Measured tangential cutting force F, = 860N
Measured axial force

F, = 330N
Rake angle

o

a = 10 deg.
Workpiece diameter D = 52 mm
Shear plane angle O = 2ldeg.
Lathe spindle speed N =

125 revs. /min

Calculate the friction energy dissipated in orthogonal single point cutting using the
above data and the derivation in Question 3 (a).

[6 marks]

END OF TEST
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SECTION A.

QUESTION 1.

(a)  Derive an expression for energy dissipated on a horizontal milling machine using an up-
cut slab mill tool. Include clearly labeled sketch to clarify your derivation. Use chip

: 05 o
thickness t = tmean = fi(as/D)  (Schlesinger formula) in the derivation. [13 marks]

(b)  Calculate the energy dissipated in the slab ‘milling process given the following slab

milling data:
Workpiece:-
Specific cutting pressure for workpiece material Ke = 3200 N mm™
Workpiece width of cut ' b = - 80mm
Tooling:-
Cutter diameter o O 85 mm
Tool depth of cut on workpiece a. = 2.5mm
Tool feed rate against the workpiece | F = 30mmmin”
: [7 marks]
QUESTION 2.

(a)  Derive the expression for friction energy dissipated in orthogonal single point cutting.
Use relevant force and velocity vector diagrams in the derivation. [14 marks]

(B) Orthogonal single point cutting data from a Lathe‘Dynamomefer Test is as follows:

Measured tangential cutting force ~ F. = 860N
Measured axial force ~'F, = 330N

Rake angle oo = 10deg. "
Workpiece diameter D = 52mm

Shear plane angle ' ® =, 2ldeg.

Lathe spindle speed N = 125revs./min

Calculate the friction energy dissipated in orthogonal single point cutting using the

above data and the derivation in Question 2 (a). [6 marks]
QUESTION 3.
(a)  Describe flat surface grinding. Give a sketch to illustrate your answer. [7 marks)
, : . :
(b)) i) Derive the expression for chip thickness t in flat surface grindiﬁg. [11 marks]

ii) Calculate the chip thickness t in flat surface grinding given the following grinding
. process data:

150mm
0.05 mm

Grinding wheel diameter D
Depth of cut d
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Grit tangential velocity Vv = 2400 m min’
Workpiece feed rate v = 9.0 mmin’

Grit quantity C = 6 units per mm’
Ratio of width to depth of groove cut by grit r = 11

[2 marks]
QUESTION 4.

(a)  Give an outline of Resistance Spot Welding (RSW) technology. Include a labeled sketch
to illustrate RSW tool/workpiece setting. What are the main uses for RSW? [10 marks]

(b) i) What are advantages and disadvantages of RSW technology?- [8 marks]

ii) The following data relates to the RSW process at a steel product manufacturing
plant:

|
Steel resistivity ‘R
Spot welding time  t
Current I

400 ohms ;
50x% 10 sec
60 amps

Calculate the heat energy generated at the spot weld area. 5[2 marks]

- SECTION B. | e, T
QUESTIONS5 . T kg

(i) . For the circuit shown in Fig. Q 5-1

(a) Determine the relationship between the output Z and the 1nputs A,Band C.[3 marks]

(b) Construct a truth table for the funcuon [4 marks]

(ii) The gate network shown in Fig.Q.5-2 has three inputs A, B and C

Find the an expression for the output Z and simplify the expression. [6 marks]

(iii) Obtain a simplified logic expression for the Karnaugh map shown in Fig. Q.5-3

[7 marks ]
AP A °_—D°—
B o—F .
| VA
co D—F
Fig.Q.5-1
3
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QUESTION 6. '
() .A wire, 100 mm long, is moved at a uniform speed of 4 m/s at right angles to its length

(i)

(iif)

and to a uniform magnetic field. Calculate the density of the field if the e.m.f. generated
in the wire is 0.15 V. If the wire forms part of a closed circuit having a total resistance of
0.04%Q, calculate the force on the wire in newtons. ‘ | [6 marks]

A d.c. shunt motor has an armature resistance of 0.5 Q and is connected fo 200 V supply.
If then armature current taken by the motor is 20 A.

(a) What is the back-electromotive force generated at the armature. [3 marks]

(b).What is the effect of (1) inserting a resistor in the field circuit; (2) inserting, a resistor
in the armature circuit if the armature current is maintained at 20 A? [4 marks]

A d.c. series motor, connected to 440 V supply, runs at 600 r/min when taking a current
of 50 A. Calculate the value of a resistor which, when inserted in series with the motor,

will reduce the speed to 400 r/min, the gross torque being then the half its previous valye,

4
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The resistance of the motor is 0.2 Q. Assume the flux to be proportional to the field

current. [7 marks]
QUESTION 7.
®) State a case in which a three-phase three wire system and a three-phase four wire system
are respectively used; for instance in residential area . [4 marks]
@ Show that the total active power in a ﬂﬁee-phase syétem is the same for a star-connected
- balanced load and for a delta-connected balance load. - [4 marks]
(i)  Ina three-phase four-wire system the line voltage is 400 V and non-inductive loads of
10kW, 8 kW and 5 kW are connected between the three line conductors and the neutral
as in Fig. Q-7. ’ g
Calculate the current in each line. : [4 marks]
@(ii)  For a certain load, one wattmeter indicated 20 kW and the other 5 kW after the voltage’

circuit of this wattmeter had been reversed. Calculate the active power and the power
factor of the load. EE :

() the active power of the load - / e “ : ‘ [4 marks]

(b) the power factor of the load P it ‘ [4 mark]

. ; = : I Y1 V7 o B
_, 5 kW L]MW [’] 10kW
In
< ° N
Fig. Q.7
END OF EXAMINATION
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i SECTION
QUESTION 1. w// A

()  Describe the process known as surface grinding. In what ways is the surface
grinding process similar to milling? Include sketch(es) to illustrate your answer.
What are the composition and coding factors associated with grinding tools?
4 [12 marks]
(b) (i)

Give an outline of the types of cutting materials used in the manufacture of
grinding tools.

[4 marks]
(ii) Give an outline of bonding materials used in the manufacture of grinding
tools. [4 marks]
QUESTION 2. \/ '
(a)  Derive the expression for shear energy dissipated in orthogonal single
point cutting. [14 marks]
(b) Orthogonal single point cutting data from a Lathe Dynamometer Test is
as follows: '
Measured tangential cutting force F. = 850N
Measured axial force F. = 327N
Rake angle a = 10deg.
Workpiece diameter D = 50mm
Shear plane angle ® = 20.2 deg.
Spindle speed N = 125 rev/min
Calculate the shear energy dissipated in orthogonal single point cutting
using the above data and the derivation in Question 2 (a). [6 marks]

QUESTION 3. \/
(a) scribe flat surface grinding. Give a sketch to illustrate your answer:

——— N\[7 marks]
- N % ) \\‘\M\\/—’—’"//
(b) i) Derive the expression for chip thickness t in flat surface grinding.

[10 marks]
i) Calculate the chip thickness t in flat surface grindi ' i
grinding process data: Rlpeg Given the Tollowing
Grinding wheel diameter D = 160 mm
Depth of cut d = 0.035 mm
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_ Grittangentig| velocity

\Y) = sn=1
Orkpiece feed rate - b 5 gOOOOnTr;r;:]m
el L c = 4 units mm?

Ratio of width to depth of groove cutby grit r = 13

‘ [3 marks]
)\ e \/Lé’% ol N Q(‘( \(/

,Derlve an expressnon for energy dissipated on a horizontal milling machine using
slab mill tool. Include clearly labeled sketch to clarify your derivation. Use chip

thlckness t=s the.= ft(aeID) (Schlesmgerformula) in the derivation.

QUESTION 4.
(a)

MLy 4 ‘ 14 marks]
‘ jgiSSin gec i [
(b)  Calculate the energy d|SS|pated ina slab m|ll|ng process glven the followmg slab
| f?, milling data: | ‘
| l g Toohng_ 4k %
. ‘ Cutter diameter P, - 80mm
Tool depth of cut on workpiece 2mm

Tool feed rate against the workpiece ‘ 29 mm min™

Workpiece:- i
Specific cutting pressure for workplece matenal =" 3000 N mm™
Workpiece width of cut - ! = 70mm -

S [6 mariks]
e s ] T
R 4 SECTION B

QUESTION 5.

‘ - (i) A mild steel ring has a mean circumference of 500 mm and a unlform Cross-
section area of 300 mm?
Calculate the m.m.f. reqwred to produce a flux of 500 pWh. [5 marks ]

(ii) ~ Aflux of 0.5 mWhb is produced in a coil of 900 turns wound on a wooden ring by a
current of 3 A. Calculate ‘

(@) The inductance of the coil. [ Smarks ]
(b) The average value of the e.m.f. induced in the co

il when a curre
switched off, assuming the current to fallto zero in 1 m hiital,

[5 marks ]
(c) The mutual inductance between the coils, if a second coil
uniformly wound over the first coil. N M tfénfngf,f ]
s
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QUESTION 6.
(i) _Wifh fhe aid of a diagram explain the difference between a lap-winding and a o
~ Wwave-winding| [ 6 marks ]

: ','(i‘i‘)' A d.c. motor has an armature resistance of 0.5 Qandis connectgd to 200 V
~_supply. If then armature current taken by the motor is 20 A what is the back-
electromotive force generated at the armature. [ 2 marks ]

; " (iii) A six-poles armature is wound with 498 conductors. The flux and the_speed are
/ such that the average generated e.m.f. generated in each conductoris 2 V. The
current in each conductor is 120 A. Find:

) (a) The total current and the generated e.m.f of the armature if the winding is -/
i connected: (1) wave; (2) lap. [ 6 marks] J

(b) The total electrical power generated in each case. [ 6 marks |

QUESTION 7. \/

(i) (a). Convert 264qinto binary; A0134; to decimal; and 70464 to hexadecimal.
[ 3 marks ]

(b) In the Figure Q.7-1, a power source a lamp and a number of switches are
used to represent a logical expression. Derive an expression for the
following arrangement using AND, OR and NOT operations.

[ 4 marks |

Fig.Q-7.1

If the circuit given in (b) was d i
es
would the table require? eribed by atruth table; how many rows

(c).

[1 marks ]
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(ii) ;he gate network shown in Fig.7.2 has three inputs A, B and C.
ind the an expression for the output Z and simplify the expression. [ 6 marks |

i T
-1>°_|_ T (8 C

B o—

D= b 7 »
o 7 (A+8). T+ A (a+¢)

- A-(/ETC\
Figa7r2 7= C-(ATR) + A (*’5%\

(iii)  Obtain the simplified logic expression for the Karnaugh map shown in Fig Q-7.3.
: [ 6 marks ]

AT +RL + AP0+ AL

BA
DC 00 01 1 10
0 | 7
00 1 0 1 0
4 ] )
01 0 0 1 1

10

—
b
—
(=]

Fig.Q-7.3

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING 2
DEPARTMENT OF MECHANICAL ENGINEERING

MACHINE TOOLS AND PR{NCIPLES OF ELECTRICITY Ii

ME3102
- MID-TERM IIl1 TEST, MAY, 2015

CLOSED BOOK

ANSWER: ALL QUESTIONS.

All questions carry equal marks (that is, 20 marks each).

OUESTION 1.

(a) (i) What assumptions should be made with respect to Merchant’s cutting theory? (4 murks/
(ii) Give clearly labeled diagrams for workpiece geometry, force and veiocity vectors
associated with Merchant’s cutting theory. ‘ [6 marks]

Orthogonal single point cutting data from a Latne Dynamometer Test conducw\' at the
1JNZA Machine Tools Laboratory is as follows:

Tangential cutting force F. = 3.384 kN \
Axial force F. = 1.177kN : L"'(’/
Cutting velocity Ve = 25.5 mmin’ 1.
Rake angle o = 20deg. i
Shear plane angle d = 23.5deg.
Caleulate the. Shmr Energy dis SIpated in single point cutting experiment using the above
dala. = > - (19 marks]
: l
DULSTION 2. \/5 f ¢
&}-(‘I\DE/Compare and contrast up-cut and dewn-cut siab milling processes as relates to
machining of metals. Give clearly labeled sketches to illustrate your answer; include
graphs of force versus chip length for the milling processes. [7 marks]
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¥ (b) (i) ¢ Derive an expression for energy dissipated in up-cut slab miiling.
Include clearly labeled sketch(es) to clarify your derivation. [ 8 marks]

(i)  Calculate the energy dissipated in an up-cut slab milling process
given the following milling data:

Workpiece:-

Specific cutting pressure for workpiece material K. = 2800 N mm

Workpiece width of-cut b = 65mm

Tooling

Cutter diameter D= 75mm

Tool feed rate against the workpiece F= 27 mm min "'

Tool depth of cut on workpiece a.= 1.5mm

- [5 marks]

QUESTION 3. bee2s

w, (b)

(a) Give brief outlines of the functions in machine tool design of the listed machine tool -

members/components. Give labeled sketches to illustrate your answer for question (a).

(i) Frames ®& - [6 marks]
(ii) Slides [6 marks]

(b) Give brief outlines of the fundamental principles that must be incorporated in (he design
and manufacture of the above listed machine tool members / components to ensure

attainability of the desired functions for the components. . [8 marks]

QUESTION 4.

—

(a) Give an outline of the key coding parameters used for grinding wheel specification.

[4 marisf

~ LAY END OF TEST

y [6 marks]
(i) Derive the expression for chip thickness t associated with the abrasive machining -
technology known as flat surface grinding. [10 marks}
v (ii) Calculate the chip thickness t in flat surface grinding given the following grinding
process data:
Grinding wheel diameter D = 140 mm ‘5
Depth of cut d = 0.025 mm - - . |
Grit tangential velocity \% = 1900 m ?r)in“ w’l 3|-Gim /S a
Workpiece feed rate v = 60 m mm ‘ E
Grit quantity C = 3 units mm™ ©-im(s
Ratio of width to depth of groove cut by grit r =9

A
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

MEC 3102 PRODUCTION ENGINEERING, ELECTRICITY AND ELECTRONICS
2017 -2018 ACADEMIC YEAR, TERM I

FINAL EXAMINATION

TIME: THREE HOURS. ; CLOSED BOOK

INSTRUCTIONS

1. Answer Five (5) Questions Only as Follows:
Any Two (2) Questions from SECTION A and any Two (2) Questions from i
SECTION B, and an additional One (1) Question from either Section A or B. ‘

A total of Five (5) Questions should be answered.

2. All Questions Carry Equal Marks, that is, 20 Marks per Question.

3. Questlons for Each Section, that is, SECTION A and B are to be answered in
Separate Answer Sheets which -should be Clearly Labeled and Bound
Separately. :

4. This Final Examination Question Paper has Five (5) pages, includinthiS‘}"ﬂepa&

1

Scanned by CamScanner

)



QUESTION 1, SECTION A
(@)  Describe the

-SG1 Process known as surface
grinding proc

grinding. In what ways is the surface
€ss similar to milling? Incly

de sketch(es) to illustrate your answer.

What are the Composition and coding factors associated with grinding tools?

[12 marks]
(b) (i) Give an outline of the types of cutting materials used/ﬁ\fhe manufacture of
grinding tools. . 2 . [4 marks]
(ii) Give an outline of bondlng materlals used in the manufacture of grinding
tools. ‘ ; [4 marks]
o e
N
V' QUESTION 2. & Agr‘/e
(a) Derive the expression for shear energy dlSSlpated in orthogonal smgle
point cutting. ; iy [14 marks]
(b) Orthogonal single point cutting data from a Lathe Dynamometer Test is
as follows: b
Measured tangential cutting force - ‘Fc = 850 N
Measured axial force Fa =327 N’
Rake angle o = 10deg.
Workpiece diameter D = 50mm
Shear plane angle - @ = 20.2 deg.
Spindle speed N ,=‘ 125 rev/imin
[ Calculate the shear energy d|SSlpated in orthogonal smgle point cutting
‘ using the above data and the derlvatlon In Question 2 (a). [6 marks]
. e
QUESTION 3.6 Ldent)
(@)  Describe flat surface grinding. Give a sketch to illustrate your answer. [7 Mmarksj
(b) i) Derive the expression for chip thickness t in flat surface grinding
‘ ‘ [10 Mmarks|
i) Calculate the chip thickness t in flat surface grinding giv .
grinding process data: 9 given the following
Grinding wheel diameter D = 160 mm
Depth of cut d = 0.035 mm

o
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Grit tangential velocity

‘ vV = 2000 m min™
WDTkptece feed rate Vv = 80 m rnin'1
Grit quantity C = 4unitsmm?
Ratio of width to depth of groove cut by grit r = 13
—— [3 marks]
QUESTION 4. of Q Lone
N
(a)  Derive an expression for energy dissipated on a horizontal milling machine using
a slab mill tool. Include clearly labeled sketch to clarify your derivation. Use chip
thickness t = tmesn = fl(a‘,ID)c'5 (Schlesinger formula) in the derivation.
[14 marks]
(b)  Calculate the energy dissipated in a slab milling process given the following slab
milling data:
Tooling:-
Cutter diameter = 80 mm
Tool depth of cut on workpiece = 2mm
Tool feed rate against the workpiece = 29 mm min”
Workpiece:-
Specific cutting pressure for workpiece material = 3000 N mm™
Workpiece width of cut = 70 mm
[6 marks]
SECTION B
QUESTION 5.
0]

(i)

section area of 300 mm? .

A mild steel ring has a mean circumference of 500 mm and a uniform cross-
Calculate the m.m.f. required to produce a flux of 500 pWhb.

[5 marks ]

A flux of 0.5 mWhb is produced in a coil of 900 turns wound on a wooden r
current of 3 A. Calculate:

ing by a

(a) The inductance of the coil. [ Smark
arks |

(b) The average value of the e.m.f. induced in the coil wh

switched off, assuming the current to fall to zero in 1 ms. €n acurrent of 5 A jg

( [5 Marks |
¢) The mutual inductance between the coils. if i

. ,ifa
uniformly wound over the first coil. second coil of 600 turng was

S marks ]
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QUESTION 6.

(1) With the ai;l of a diagram explain the difference between a lap-winding and a
wave-winding | [ 6 marks ]
(i) A d.c. motor has an armature resistance of 0.5 Q and is connected to 200 V
supply. If then armature current taken by the motor is 20 A what is the back-
electromotive force generated at the armature. [ 2 marks ]
(iii)

A six-poles armature is wound with 498 conductors. The flux and the speed are

such ihat the average generated e.m.f. generated in each conductor is 2 V. The
current in each conductor is 120 A. Find:

(a) The total current and the generated e.m.f of the armature if the winding is
connected: (1) wave: (2) lap. [ 6 marks]

{b) The total electrical power generated in each case. [ 6 marks |

QUESTION 7. .

0

(a). Convert 264pinto binary; A013¢ to decimal; and 70464, to hexadecimal.
[ 3 marks ]

(b) In the Figure Q.7-1, a power source a lamp and a number of switches are
used to represent a logical expression. Derive an expression for the
following arrangement using AND, OR and NOT operations. [4 marks ] |

Pp

Fig.Q-7.1

(c).

If the circuit given in (b) was described by a truth table, how

would the table require? many rows

([;\\ [1 Mmarks ]

4
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(ii) IT::wn%gtste network sh_ow‘n‘ in Fig.7.2 has three inputs A, B and C.
e an gxpreSSIOn for the output Z and simplify the expression. [ 6 marks |

Aqu | A Y
1>°'—|_—-\ (G3)C
)

B o= —

Fig.Q-7.2

—_—

ﬁ- CB"‘"C/

Yr@rB) =2

Bre ‘ >o——oz‘§% =
C o c ==
‘ o B A ' =

C (G0 e

(iii)  Obtain the simplified logic expression for the Karnaugh map shown in Fig Q-7.3.
[ 6 marks ]

BA

DC 00 01

0 |
00 @ 0

11
m
4 3 3 i
01 0 0 1

11 0 0 0 0
8 9 H 1
10 < 1 1 1 ; 0
Fig.Q-7.3

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

ME3102 PRODUCTION ENGINEERING, ELECTRICITY AND ELECTRONICS
MID-TERM Il TEST, SEPTEMBER, 2018

TIME: TWO HOURS. CLOSED BOOK
ANSWER: ALL QUESTIONS.
. All questions carry equal marks ( that is, 20 marks each).

/
QUESTION 1. ™~

(a) Give brief outlines of the functions in machine tool design of the listed machine tool
members/components, Give labelled sketches to illustrate your answer for question
(@) n)
i) Frames

i) Slides [6 marks]

[6 marks)

(b) Give brief outlines of the fundamental principles that must be incor i
design and manufacture of the above listed machine tool members ; (?;r;ated In the
ensure attainability of the desired functions for the components? Ponents to

[ 8 marks)

QUESTION 2. ,

(a) Derive the expression for friction energy dissipa

. ted i
cutting. Use relevant force and velocity vector dia N orthogong|

. Si i
grams in the deriva?ig'f Point

[14 n‘,arksj
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(b)  Orthogonal sin

gle point cutting data from a Lathe Dynamometer Test is as

follows:
Measured tangential cutting force F. = 860N
Measured axial force Fa = 330N
Rake angle a = 10 deg.
Workpiece diameter D = 52mm
Shear plane angle ® = 21deg.
Lathe spindle speed N = 125 revs. /min

Calculate the friction energy dissipated in orthogonal single point cutting using

the above data and the derivation in Question 2 (a).

QUESTION 3

[6 marks]

(a) Derive the expressions for the compressive force (Fcm) acting on the shear plane -/
in acco_rdance with  Merchant's theory of metal cutting and also derive the
expression of the shear angle (@) in single point orthogonal turning. Include

appropriate sketches in your answer.

[10 marks]

(b) In orthogonal single point turning, calculate the compressive stress on the shear
plane, given the following machining data:

Tooling:-

Rake angle a = 15 deg.

Depth of cut d = 2.0 mm.

Tool feed per revolution f = 0.3mmrev’.

Cutting velocity Ve = 25 m min™.
Forces:-

Cutting force in direction of cutting velocit_y F. = 4509 N.

Cutting force in direction of tool feed Fa = 1851 N.
Workpiece:-

Chip thickness to = 0.48 mm.

[10 marks]
END OF TEST
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