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Final Exam

Solve all questions and make use of the given information whenever possible:

Question 1 : {20 marks)

Three steel bars “A”, “B” and “C” shown in figure have lengths of 4 m, 4 m and 2 m
respectively. All bars have the same cross-sectional area of 500 mm?. The beam “OG”
is rigid and subjected o a load F .

i. Detenmine the reaction at the support “0” |
1. What are the internal forces in bars “A” and “B”.
iii. How much is the value of “F” necessary to make contact at point “E”.
v. If force “F” is removed calculate the inccase of the temperature of bar “A” in
order to keep the contact at point “E”. )

Question 2 : (25 marks )

a) A square cross-section of side length “a” subjected to a direct shear force W, Derive
an expression for the shear stress distribution on the cross section.
( Hint: Assume a cantilever of the same cross-section subjected to end load W)

b) For the shown stepped shaft subjected Lo twisting moment T :
i. Draw the twisting moment and twist angle along the shaft.

ii, Calculate the maximum shear stress in the shaft and plot the stress variation
across the section having maximum stress.

iil. Determine the strain energy absorbed by the shaf.

Question 3 : (25 marks )

A simply supported rounded beam ( d = 30 mm) of steel is loaded at its mid-span with

a force of 1 kN. The beam supports also twisting moment over its length ( 2.0 m ) of
500 N.m..

i. Plot SFD, TMD and BMD
il. Draw the stress state at the critical point.
iii. Use Mohr's circle to get the principal stresses at the eritical point.
iv. What is the factor of safety according to von-Mises and Tresca criteria if the
used material has a yield strength of 300 MPa.

Question 4 : ( 15 marks )

Use Casligliano’s theorem to get the vertical deflection of the free point for the beam
shown.
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Question 5: (25 marks )
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()3: Give short notes about the following {use neat sketches) {20 marks)

1. Constitutional undercooling and its influence on nucleation and growth modes.

2. Shrinkage during solidification of castings; the phenomenan, the consequences and the treatment.
3. The uphill and downhill ingot casting,
4. Development of continuous casting machines in terms of metal path.
Q4: With the help of sketches explain one technigue for the following {15 marks)
i. Sand molding machines.
2, Mold knock-out.
3. Nondestructive testing ol castings.
Q5: (4+5+2 -4 = 15 marks)

a} For the casting mold shown in the figure:
i. Name the parts | through 7 of the mold and
gating system and mention briefly the
[unction of each.

ii. Find the necessary mass to counteract the
effects of metal head and the effect of
huovancy forces 1o cast the shown hotlow
cylindrical part, Given that the core diameter
is 110 mm and the density of the casting and
core materials are 7.6 and 1.8 g.-"l:,ml.

iif. If the sprue base diameter is 20 mm, find the

diameters of sprue top and sprue well.

b) A standard sand specimen (5.08 em in height and 20.268 e’ ared) was tested for permeability. 11 was
found that a volume of air of 2000 em’ was passed through the specimen in a period of 30 seconds.
Under a pressure of 3.5 cmowater. Find the sand permeability.

End of exam questions

Beel aisded,
D, g, Walimoud Fhoadoin
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| Please, answer the Following questions: (Total Marks 75)

1) Give a scientific eaxpression Lo each of the following otatesments:
(15 Marks)

1.1) The ratio of the inertia force to the viscous force.

1.2) The ratio of the kinematic viscosity to the thermal diffusivity.

1.3) A pressure of 760 mm Hg. b 2

1.4) The ratio of the shear stress (o the rate of shear strain.

.5) The ratio of the volumetric strain to the compressive stress.
1.8) The force which resulting from adhesion or cohesion of liquids.
1.7) A device for measuring low pressures, where accuracy is of
much importance.
1.8) The ratio of the second to the first moment of inertia for an
immersed surface about the liquid fevel.

1.9) fluid particles that have passed through a fixed point in a flow
field. The locus of locations, at any instant of time, of all the

1.10) The imaginary line drawn in the fluid so that the tangent to it at
any point and at any instant gives the direction of motion of the
fluid particles at this point and at that instant.

1.11) The point that is always helow the centre of gravity of an
immersed surface by a distance of (I sin*8/A hg.

1.12) A flow, in which the filuid particles do not rotate about their own
axes, and retain their original orientations.

1.13) A function, which describes the form of pattern of flow or in
other words it is the discharge per unit thickness.

1 1.14) A flow that takes place when the temporal rate of change of the
dependent fluid variables at any point in the flow vanishes.

1.15) The ratio of the area of jet at vena contracta to the area of the

orifice.

2) An inverted differential manometer, when connected to two pipes A
and B, gives the readings as shown in the figure. Determine the

pressure in the pipe B, if the pressure in the pipe A be 1 bar.
5 (12 Marks)




| 3) A square plate 5 m x 5 m hangs in water from one of its corners, as
indicated in the figure. The center of gravity of the plaie is at a
depth of 10 m from the water surface. Find the pressure force on

4.1) Does a velocity field given by U =5x3i—15x*yj+tk
Represent a possible fluid motion of an incompressible fluid?
2 (6 Marks)
4.2) The velocity in a flow field is given by uw =3 m/s and v = 6 m/s.
Determine the equation of streamline passing through the origin
and the one passing through the point (2 m, 3 m). (6 Marks)

5) A pipe 300 m long has a slope of 1 in 100 and tapers from 1 m
diameter at the higher end to 0.5 m at the lower end. Quantity of
water flowing is 5400 liters/min, If the pressure at the higher end is
0.7 bar, find the pressure at the lower end. (12 Marks)

6) A venturi-meter is to be fitted to a 25 cm diameter pipe, in which the
maximum flow rate is 7200 liters/min. and the pressure head is 6 m
of water. What is the minimum diameter of throat so that there is no
negative head in it. Take the coefficient of discharge of venturi-
meter to be 1. ' (12 Marks)
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.Answer_all questions:

(1) In the fig.1, w2 =5000 rpm CCW (constant) and the resisting force on the slider D P =1000 N.

(a) Find {The extreme positions  Time ratio, Stroke of the slider D)

(b) What is the effect of increase the crank length (AB) on the time ra
slider D?

() Find the velocity and acceleration of the slider D, and the angular velocity and acceleration
of link CE.

(d) Is the acceleration of the slider D is constant?

(e) Find the driving torque on the crank AB.

(f) Tf the crank angle change from 45° to 30°,

cases or not?

tio and the stroke of the

the required driving torque ig the same in both

Fig. 1
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(2) A cam, with a minimum radius of 30 mm, rotates at unifoxrm speed of 300 rpm {cw).Design the cam
to give the following motion to a knife edge follower:
1- To rise the follower 45 mm during 60° of the cam rotation with cycloid motion.(up)
9- To keep it fully raised through the next 60°.(dwell)
3. To lower the follower 20 mm during the next 60° with 5. H.M.(down)
4- To keep it raised at the last lift for the next 60°.(dwell)
5- To lower the follower 25 mm during the next 60° with 5. H.M. (down)
6- To keep it for the remaining 60°.(dwell)
Design the cam profile for the following two cases:
4~ The line of motion of the follower passcs through the axis of the cam.
b- The line of motion of the follower is offset 15 mm from the axis of the cam.

(3) For the gear train shown in fig. 2, it is required to make output shaft rotate at N7=200 rpm
(c.w.) find the speed of the input shaft N2.
f 1
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r Problem number (1)

a) Prove that if /() = ulx, ¥+ vy} is analytic and 2+t = constant then f(z)= constant,

by Find ull valus of z such that giphiE= g
¢} Prove that if the analytic complex potential of the fluid flow is Fi{z)={x, v)+iplx. y)then

i (i) d{x, ¥y wix,y) are harmonie

iy i< y Y where V = vj+ivs is the velocity of the fluid flow.
Problem number (2}

: SNz s
|_ a) Evaluate §.- __‘>__:I_ Z draround Cilzl=3.
| {(z—=1} (-3}
| 5 ,
| b} Evaluate it;pzzﬂ:"‘ cosh{— —jr.fz around -1+ h=3,
' z-1 |
T :2_.-, i .!;.':l‘ m=-1 ;
¢y Show thatf(z—zq)" dz =1 _ where ¢ 12+ 7 /=7
g i ifm -1 z

Problem number (3)

o L
a) Evaluate (i) Pt e ™ dx, (i) fx
[ ]

—_.n+1
i i ~all 5 )
O
b) Prove that |- = —
P | R n-+ 2
e =)
2
¢} Show that w=sinz conform the region — s W — and 1= v < 1to the indicated
= 4

| region in figure

4
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23 ey — //— —.
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Problem number (4)

e coEN
a) Using complex theory to evaluate [ = b

x

Ty i
. ; . . G SR AT -
by Usding generating function of Bessel function e = }#,.,=_x_.f(.‘c:)”,.‘
| | : R
| ta prove that Jolxr=—| cos{xsing - ad)de
T

| ¢} Evaluate [x {nx)J,(x) dx
1
| With my best wishes Dr. M.Shokrey
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Year: 2" — Production Engineering and Mechanical Design Time allowed: 3 hrs
2™ Term, Final Exam No. of pages: 2
Answer all the following questions. The neat sketches are considered a part of your answer
Q1: State which of the following statements is true { v' ) and which is false (¥): (20 marks)

|, During solidification, higher temperature gradients, G, favor the formation of planer solid/liquid front.

2. The core box is used to produce cores necessary for sand casting of hollow parts.

L]

Jolting machines introduce the highest sand compaction near the mold surface.
The turbulence flow is less likely to occur by casting through the bottom gates.

To insure effective feeding, the module of the feeder must be less than the module of the casting.

> o

Pressures applied in hot chamber die casting are normally higher compared to cold chamber.
Draft allowances are essential in sand and dic casting processcs.

8. Bonding strength of green sand is directly proportional to the moisture content.

9. Numerical simulation can be considered as a tool for in-process quality control of casting,

10. Dye-Penetrant method can be used to detect surface and subsurface casting defects,

(J2: Select the most correct answer (20 marks)

|. During solidification of metals, if the contact angle “#” between the solid crystal and a substrate is zero,
which of the following is expected 1o take place: (Solidification stops — Only heterogencous nucleation —
Only homogeneous nucleation — Only growth).

2. During cooling of metals, recalescence is the event where: (a} nucleation ends — (b) growth ends — (¢)
growth rate is maximum — (d) temperature vises — (a and b) — (a and ¢) — (a, ¢ and d} - (a, b and d}.

il

Loose pieces of pattern are essential to facilitate {casy release of pattern from mold — directional

solidification — hot spots — simpler patter design).

4. Expendable patterns are utilized in (sand and lost foam- centrifugal and precision — plaster meld and
precision - lost foam and investment) casting processes.

5. Of the advantages of die casting: No limit to part size — Minimum porosity — Low cost of die and
equipment — Casting of ferrous and non-ferrous alloys.

6. In sand casting, surface porosily defects are mainly caused by (lack of feeding — moisture in sand

turbulence flow of molten metal — high temperature of molten metal),

. The effect of gravity is less dominant in (centrifugal — semi-centrifugal — permanent mold — centrifuging

— investment) casting process.

8. The usual casting method for making dental crowns is (permancnt mold — investment — die —
continuous — centrifuging) casting.

9. A dummy bar is provided at the beginning of the continuous casting to (promote initial solidification
— avoid sticking to the mold — produce hollow sections — support the mold).

10. The most probable reason for the formation of hat tears is (too high pouring temperature — restricted

metal contraction — soluble gases in metal — oxide film inclusions).
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