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FINAL TERM EXAM

1- A vibrometer having a spring stiffness of 4 KN/m and a viscous
damping 50% of the critical is used to measure a vibration of 2000
cpm. If the error is not exceeding 2%. which one of the following
masses (1.5, 2, 2.5, 3) kg is used in the instrument. If it is desired to
use this instrument as an accelerometer by changing the spring, which
one of the following stiftness (110, 114, 118, 122) KN/m can be used.

2- The impeller of a centrifugal pump has a mass of 8 kg and is attached
to a point at 0.24 m from the shaft end. The distance from center to
center of the rigid bearings is 0.72 m. The outer and the inner
diameters of the shaft are 0.035 and 0.02 m respectively. The shafi has
Young’s modulus of 2x 10" N/m’. The eccentricity between the center
of the impeller and the shaft is 0.035 mm. Find the following:

1- The critical speed.

2- The force transmitted to the bearing and the bending stress in
the shaft if the operating speed is one and half as that of the
critical speed.

3- What will be the change in the critical speed and why if

a- Elastic bearing are added instcad of the rigid bearing.
b- Adding a dashpot to the bearing.
Note: The deflection of a simply supported shaft subjected to load P
212
isd, = Pav b :
3EIL

3- An air compressor weighting 250 kg mounted on springs of stiffness &;
and carries a dynamic absorber with a spring stiffness of &; and a mass
ma. If the normal operating speed is 1750 rpm and the resonant
frequencics should be at least 20% from the operating speed. Find:

a- The values of &y, &5, and m,.

b- What is amplitude of oscillation of the dynamic absorber m..

c- What is the percentage change in the force transmitted to the
compressor foundation in the case with and without absorber?

4- An automobile is modeled as shown in Fig. 1, in which m, is the main
mass of the car, /| is the centroidal mass moment of inertia of the main
mass, / and /; are the distances from the mass center to the front and
back wheels, & and ¢, and 4, and ¢, are the front and back suspension
of the car, m» and m; are the masses of the front and back wheels, k;
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and k, are the stiffness of the front and back tires. Due to a misfiring
of the engine, a vertical excitation force F(t) exists at distance /5 from
the mass center. Derive the mathematical model of the system using
[Lagrange’s method.,

A wedge of mass M slides on a smooth surface and a small block of
mass m slides on the wedge as shown in Fig. 2. Two linear springs of
constant k; and 4; couple the two masses together and a stationary
frame. Find the kinetic energy and the potential energy of this system
in terms of the coordinates shown in the figure. Derive the dynamic
equations using Lagrange's method and then find the frequency
equation and the normal modes of the system for # = 60°, M=1.5 m
and kg—lk.—lk.

A torsional system consists of two shafts geared together; namely,
shaft [ carries rotor A and gear GG, and shatt 11 carries gear G, rotor B
and rotor C. The diameter of gear G is three times that of gear G,
The shaft between A and G, has a stiffness of 12.5x10" N.m/rad. The
shaft between gear G, and B has a stiffness of 100x10* N.m/rad.

Ih—= 1.25, 15=10, 1;;=0.5, 12=3 kg.m’. In the mode having a frequency
of 950 cpm, it was found that there is a node exactly at the middle of
the shaft between B and C. Find I and the stiffness of the shaft
between B and C.
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FIRST QUESTION

- Draw and calculate all necessary requirements for construction
a speed bnx for a medium size drilling machine if the mitial data are:
motor speed, n,, = 2500 rpm

the geometric progression ratio, ¢ =.1.26

range ratio, R, = 12 -

aliowable velocity, V = 10 m/min

minimum drill diameter = 14 mm

- For the same drilling machine construct a feed box for feed
range s=0.1-1.1 mm/rev in u = 2 stages ;geumelric progressinn
ratio, ¢ = .41

SECOND QUESTION

Give examples for some devices used for intermittent motion in
machine tools

THIRD QUESTION

Give examples for some mechanisms used as mechanical stepless
regulation of speed and feed rates in machine tools

FORTH QUESTION -

What are the main groups of machine tool structures and their
requirements? differentiate between static and dyr.amic stiffness of
machine tool structure. How can the stiffness of structure be
improved?

FIFTH QUESTION

Give examples for the following different automatic control systems in
machine tools;

aj)mechanical automatic control systems.

bjelectrical automatic control systems

c)adaptive automatic control systems.
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