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1 | Explam =h¢ pnm]ple of uperaimn of an a*‘ce]emmeler with the help of re]evant

Lquafmns and graphs. (18 ‘ COz2

2 Derive an expression for the critical speed of a rotating shaft carrying a disc, l |
| without considering the resistance to motion from the surrounding viscous . -
| medium. Discuss the relative locations of geometric center and CG of the e | gl
system at the three speed regimes. '

| A torsional accelerometer in the form of a ring is connected to a shaft by means
of a spiral spring. The system is damped having a constant 0.12 Nms/radian. If
the torsional stiffness of the spring is 1Nm/radian and the mass moment of ' ,

mertia of the ring is 0,05 kgm’, determine the maximum acceleration of the (30 e0e ) L
shaft when the amplitude of relative angle between the ring and the shaft is ,I
3.5°, Assume the shaft is rcﬂatmg at a speed of 25 rp.m.

L

4 A shaft of diameter 12 mm and length 500 mm carries a disc wmghmg 150 N
at ils mid span. The shaft has vertical orientation, and is housed in long
bearings. [f the distance between the geometric center and the center of gravity i ,

| of the dise is 0.5 mm, what is the critical speed of the shaft? What is the speed | Yy e -
range at which the stress due to shaft bending will exceed 120 MPa?
Take E = 2x10"" Pa.

5 | Determine the fundamental frequency of 3 rotor system shown in figure 1 by

Rayleigh’s method. Take £ = 2.1 10'! Nim?
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Figure —

6 Using Stﬂduias methﬂd determine the lowest natural frequency of the
branched system shown in figure 2. @_ r’ﬁ)

oy | cox | L3

Figure —2

7 | List the different machine condition monitoring technigues? Explain the o} | cos | L3
' different machine maintenance schemes, = -
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Principle of working of an accelerometer

An accelerometer is an instrument that measures the acceleration of a vibrating bodv.

Accelerometers are widely used for vibration measurements and also to record earthquakes. From

the accelerometer record, the velocity and displacements are obtained by integration.

We know that 2(f) = Zsin(wf — @) ang

= z(t
Z = r X : Substituting Z = _{J__
[(1 - 1"2)3 + (2£r)%)13 sin{at — o)
(1) 22y
sin(wt — @) - [(1 — j-?}? + (Egj.jz]l;'z
2
— {::'J-F 2. =
_mﬁ T rz)z 5 {zg;-)z]’f? r* is substituted
2(1) ? @ ¥ sin (ot = ) w,” and sin{at — ) is relocated
EA T ='[(1 - J'EJ? i (25?_}2]1;'1
) =T @ ¥ sin (ot — ) Multiplying —1 en both sides
H =

[(1 =2 + (2¢r)) V2

] ;
> g [(1 —r9)? + !’22‘!‘)3]'1’3{_};“3 sinflwr — ¢} }

) _ 5
Now if =] then —z(f)@l =~ —Ye’sin(wl — ¢)

[(L= rf (2442

Comparing —z E\CU‘E o — ng sinf ot — d) and I:rf = == }’mz SIN cof
A i

it is clear that the term z(t) wi gives the acceleration ¥ of the base, except for the phase lag ¢
Thus the instrument can be made to give directly the value of ¥ = — z(t) wl. The time by which the

record lags the acceleration is given by 1= &/ @
1
The value of the expression (1 = /)2 = (2022 is shown plotted in the following figure.

It can be seen that the wvalus of the plotted
expression lies oetween 0.6 and 1.0d forQ = » = 0.6
if the velue of £ lies between 065 and 0.7, Since » 15
small, the natural freguency of the instrument has to
be large compared to the frequency of vibration to
be measurad,
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- From the relation e, = \/Tt/m we find that the mass
needs to be small and the spring reeds to have & large value of k& [i.e., short spring), so the
instrument will be small in size. Due to their small size and high sensitivity, accelerometers are

preferred in vibration measuraments,
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The basic methods of machine condition monitoring are as follows:

{1) Acoustic and visual monitoring
[2) Vibration Monitoring or Analysis
(3) Thermal Monitoring

(4) Wear Debris Monitoring

[5) Performance Manitoring

The commanly used machine maintenance schemes are as follows:

(1) Breakdown Maintenance (Run-to-Failure): The maintenance performed only when machinery has
failed is called breakdown maintenance. This method allows repair or replacement of damaged parts
when the machine comes to a complete stop. This is a crude method and the price could be very
high in terms of lost output and machine destruction which could be sometime dangerous. This
maintenance is applied to non-essential equipment and machinery for which shutdowns do not
affect production and where replacements are readily available, Example: Replacement of bulbs
after failure.

[2) Preventive [Time-based) maintenance: This involved scheduled maintenance activities at
predetermined intervals based on calendar days or running hours of machines. Here, repair or
replacement of damaged equipment is carried out before obvious problems occur. This is a good
approach that allows the machine to run continucusly and where the maintenance personnel have
enough skill, knowledge and time to perform the preventive wark. Example; Qil and oil-filter changes
an a regular basis of cars and bike,

(3) Condition based or Predictive maintenance: This involves periodic monitoring of mechanical and
operational conditions on the health of the machine and scheduling maintenance only when a
functional failure is detected. This relies on an estimation of time to failure. The machine would then
be shut-down at a time when it is most convenient to replace the damaged component. This
technigue ensures maximum production and avoids catastrophic failures, thereby leading to full
utilization of the machine or component. Examples: Tyre changes on cars and bike.



