6.1 INTRODUCTION

s an important area of study to experimentally determ;,
. . . . e t
ters of a vibrating body. While developing ana}y?ncal tsc>cllut1<;‘ns, a large.number oef
ters
parametie;m and simplification are done. However, a rea 't]lqmi stu }’10 asystem Would Bive,
TStS unfu:iata Lwhich may not always completely agree with the analytica results que t0 the
ot o )

ximations. It is thus important, to measure small and rapid ylbratlon, especially iy , high
appro‘machinery so as to obtain relevant data for further analysis.

Vibration measurement 1

speed

Many a times, the vibration analysis cannot be done in a laboratory, as i Wwould not p,
possible to move large structures. In such cases, field tests are the only solution,

In current times, vibration measurement has become all the more important with the
trends to produce high speed optimised equipment. Some of the major reasons for Vibration
measurement are listed below :

1. Economical products made from light weight materials having optimum section properties
and running at high speeds result in resonant conditions, thereby reducing the reliability
of the system. In such cases measurement of natural frequencies or other parameters

becomes important to ensure that the observed values do not deviate substantially from
the analytical values predicted by the designer.

The natural frequency measurement is also important to ensure that other nearby machines
are not made to run at speeds which may create resonating conditions.

modelling the system are correct,

6. Inavibrat
data helps ll(r)lni;Z;tn?y cI:ertam INput is given and the corresponding output is measured: "
Ng Important System parameters such as mass, stiffness and damping
7. Vibration measuy
and o help the ter:;:l‘]‘::lt:]lslo Servesasa too| to monitor the state and condition of a ma<"™
" predicting the p ossibility of failure of a particular compo™®
A typical vibratiop meas
urément S am]g
body, to which is connected g v cheme i shown in Fig. 6.1.1. It consists of the Vibr
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Vibration Measurement Scheme
Fig. 6.1.1

N Be§ides these, vibration measurement includes frequency and damping measurement
l n e’fperlfnental setup to determine damping coefficient was explained earlier in the article or
ogarithmic decrement and has not been repeated in this chapter. In a vibration lab, equipmen
such as exciters and analysers are used to study the response of systems.

the vibration measuring instrument can be callec
rometer. If the instrument is meant to record the
laced by graph. (eg. vibrograph).

'Depending on the parameter measured,
ZS a vibrometer, a velocity meter or an accele
ata and not just display it, then the suffix meter is rep

assified into four types a:

asuring equipment can be broadly cl
sensitivity of the vibratior

In general vibration me
de on the basis of the accuracy,

Shown in Fig. 6.1.2. Their choice is ma
response and the kind of vibrating medium.
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Indicating Type : ~—

]
0712 lhese are the instrumcmg
can display (p, .

Contact Type: -
These instruments are compact in
at they do not influence

gi.‘\‘ QO (h data

the response  of the system a8 measured. Howeye, bein,
thev are in direct contact with the cannot be recordeq f, Ithc aty
vibrating  medium.  Eg. rlater g,

Accelerometer.

Non Contact Type :
Suitable if contact type s not
possible due to the vibrating
medium being very fragile.

3 L

Real Time Based : v Active System :
; ‘\Qm These  instruments  are '

These instruments require a
i é microprocessors based and can

source of electrical power to carry
calculate the response and exhibit out measurement. Eg. FFT.
the data in real time.

Recording Type .
These instruments have

ability to display ang to alg,
record the data for futulre
analysis or comparison,

o0
o0

oo
oQ
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Passive System :
These instruments are handy and |
do not require any outside power
source to function. Eg. Frequency
measuring equipment such 23

Frahm's Tachometer.

Classification of Vibration Measurement Instruments
Fig, 6.1.2

SEISMIC VIBRATION MEASUREMENTS

The seismic pickin :
The cons = MIC pickup is one of
e constructional detaj)g of this king
1o measure earthquake lremors l} c:)h
suspended with a very low stiﬁ'ne |
in the casing provides f,

S ord i
vibrations, its size mugt bem:pmg- As the objective of a seismic vibration pickuP ®
vibrations of the system oy, Wl?iz;:‘?:l-l 4S possible, so as not to influence the char ) f

e itis : . i
vibrations are to be observeg Mmounted. The pickup is then mounted on th he 0

;. o S§ o . . 0 4
v =Y sin © t, it is clear thay Wouléllgmg that the body has harmonic v;braFlonS o0 " Th‘
® & case of forced vibrations with excited ST k!

pickup works on the basis of ¢ : ,
. p bservmg the motjop of the macs (inertia m ember) of theP

Qx Instruments which are not real
>Y/ time based and can only display
@ the parameter being measured

and cannot calculate any other
parameter instantaneously.

6.2

beatiol
€ most frequently used apparatus to measurel\(.:'lbll’. o
of pickup is very similarto a seismograph; whl elicatel_)'
ISist's of avery large inertia member which is Yer)(;i (The ol
S8 Spring (refer Fig. 6.2.1) in a casing filled W'th 10 observf_

o0l
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Weknow that the natural frequency of such 2 system is given by -

_ K
A P

B y I . -~ - _
Pickyp i'ilﬁeepmg a very low stiffness and a relatively high mass. the pesare] Sogeency I
A isconsid be very low. For the pickup to be effective, it is important Tl I zm:::;uenr
ke Su:mbly lower than the excitation frequency. This ensures thal the amplimde 2 i
ety pended mass is very small. This phenomenon can be befter expizmad T OIS

Ylical equations

Fr :
oM Equation (4.12.15), we have
D = YrQ

1)

D
= = 20
Y

. A8 Iy 1 a & 7 Thil :.YJS
is e;mvzned earlier, the motion on the mass is MEASETES h 55’3«‘“15 ; i“fﬁ& .
Ny ‘Omn? small level and direct measurement is not P o a::dli B :;;;:;c ——
troy, S48 type ert the physical variable into an electrical signsl. Ths il e
04 the e LVDT (inductive type) or piczoclectric. Mam 2TMES. B FE m;!:’ e
e py_ > Which 2. The movement of the mass relative 1o the 2% }’7‘33**“ ‘;;n s S
Y v gy 1 SC15ed, amplified, and then displayed vissally or rooordsd PRI
disc“Ssed beudef 'D'. However, the objective is 10 measure the m - '
Excip, o4 Defore, et mickup s 80 be kept Ve 1R B
XCitatio frequ ﬂ‘eTn:?Sn'al ﬁ'equ::l)’ﬁ(:ﬁ'c P'Chp o v is fairhy high aRSAETIhe
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grap 1 F g 6 2 2 ()l I ) versus ' ]t .S seen that fOI‘ highel ﬁ eqlle]‘]cy ra“
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almOSt te”ds to one. NO“na” f fOI a da r | r is
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S frequency ratio of 1.6 an _ uld me,
fz;)ll);ttgza;fb;}c;o;i; 'D'qobserved would be almost equal to the amplitude of the bodr;tgfl'nhe
a

hence this is the ideal range for the pickup to wor k effectively. g
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Fig. 6.2.2

The principle of a Seismograph is the basis for the various vibration measurement devices
such as a Vibrometer, Velocity pickup and Accelerometer.

a). Vibrometer :

A Vibrometer is an instrument to measyre the displacement of a vibrating maCl_line pa;g
As the natural frequency of the vibrometer is low ag compared to that of the vibration ©
measured, it is observed that

Recorded Valye D
i v 1

Actual Valye y ©

t

» . ] . rumeﬂ

uencies, the seismic Mass remains stationary. Generally, the msz o ther
n

Thus, at high freq
natural fr equency is designed twice g Slow as the slowest vibration to be recorded. Si s$
is no relative motion for Jarge values of ' (as 'D/y" = 1), the relative motion between the::i {0
and casing rcpre'sents aml?]itude of motion, This can b’e sensed, amplified and calibra?
display the amplitude of vibrationg When the ratio 'D/y cannot be one, then
Recorded vy
Actual Valye = 12Q
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The error would be maximum when this ratio is maximum. As seen earlier, the above
[atio i8 maximum, when

1

ro= [i_ 262 (from equation 4.11.9)
D 1 '
and, Y - = Eg\/_‘l_:&‘z (from equation 4.11.10)

b). Velocity Pickup :

The same setup as used for a vibrometer can be easily used for velocity measurement. In
his case, use is made of a secondary strain sensing transducer, of the type in which a magnet is
rigidly fixed to a seismic mass in a coil fixed to the frame. Then the output voltage at the two
ends of the coil will be proportional to relative velocity. As 'r' is large, ('D/Y' = 1). Therefore,
the relative velocity so obtained is equal to input velocity. The output voltage can then be

amplified and calibrated to display the input velocity. The same equations as determined for
vibrometer can be used to determine true velocities.

c). Accelerometer :

An accelerometer is an instrument which records the acceleration of the body. In this
case the natural frequency of the accelerometer is kept very large as compared to that of the
vibration to be measured. This can be done by using a very light mass suspended on a fairly
stiff spring. Suitable amount of damping is introduced to ensure that the magnification factor
'0'= 1. This can be done by knowing the range of the possible values of 'r', and then reversely
calculating the value of '€' for which 'Q"is 1.

1
for @ = Ja-ry+eey T
1-PP+@E)R = 1
1-2r2+rt+4E2r2 = 1

4822 = 2r2-1t

£ = _;_ 212 L (62.)

. Using this value of '€, for the given value of ' will ensure that 'Q' = 1. Howevefiltlgz
ISfrument is to cater to a range of different values of ', and therefore, some errors wi

ntroduced, if we consider 'Q)' = 1 at different frequency ratios.

—D-=r2§2
Y
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Recorded Acceleration ~ Actual Acceleration (when Q= 1)

pould be noted that 'w2Y"' is the acceleration amplitude of the body. Hence, D is

It 510 ortional to the acceleration as '®,' is a constant. The natural frequency of an

directl)’ tl?oﬂ should be atleast twice as high the frequency of the vibration to be measured.
Jeratl®™ = :

?éce;erall}’, fn= 10,000 Hz)

n is generally converted into an electric signai through winding coils,

clative motio . . )
hich can be sensed, amplified and calibrated to give the values of
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jer that various methods are used to convert the Vibration
. . b a
lent electrical signal. This 18 normally done by using transtcers_ ' rameten
jvaler
into an equivale

.ll

Sin
€ Contag 8 g
contact type.

|

It was mentioned earl

Contact type transducers such as LVDT and electromagnetic / inductive
ontac

t or the core. The strain © are by |
the movement of a coil or a permanent magne : guage type r,, |
on the

e also contact type transducers and are attached to t_he test specimen. Contact type tran:d:jze,?
are also ffect of loading the test specimen, thereby influencing the parameterg recordeq Thm]
have ;cl’e :] ote Zuitab'le in measuring vibrations in rotating members. On the other hap no;
:;i;cff or non intrusive or proximity transduc'ers rely on the princigle O_fChange i capagy,
or reluctance or the loss of eddy current field in the measurement circuit due toa change iy,
gap between the transducer and the test member. Some of the Important types of Vibrajiy
pickups and their principles are discussed‘below.

a).  Strain Guage as a Vibration Pickup :

This kind of a pickup uses a strain guage made from a copper nickel alloy which s

mounted on an elastic element of the spring as shown in Fig. 6.3.1. They are also calleds |

variable resistance transducer Dickups. Th
of the mass. Strain influences the resistanc

bridge. This change influences the output v
of displacement.

€ strain at any point is proportional to the deflection
e of the guage which can be sensed bya Wheat;toge
oltage which can be calibrated to show the magnindt

X
Mass Strain Output
Guage .
Ll P R ,,,,,f,.__/' Terminals
Cantilever
Beam
y
|
—_—
Vibrating Body

Strain Guage Vibratiop Pic

kup
Fig. 6.3.1
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Sensing Mechanism in an Electromagnetic Transducer

Fig. 6.3.2

m or Electromagnetic Transducer as a Velocity Pickup

In these transducers, a coil is made to move in a magnetic field or conversely a magnet is
qade to move in a stationary coil. Fig. 6.3.2 shows the sketch of the sensing mechanism of the
pickup. When the coil is moved relatively in a magnetic field, a voltage is generated in the coil.
The magnetic field maybe produced by either a permanent magnet or it can be electromagnetic.
The magnitude of voltage generated by the coil is directly proportional to the relative velocity
of the coil. This makes it possible to calibrate the voltage to the velocity and hence

electrodynamic or electromagnetic transducers are used as velocity pickups.

. LVDT:
Input
Voltage ,
Secondary Coil Secondary Coil
[ ( | aWaa) NN Magnetic
\“( \‘l ( \“ \ ': ': E ! \“ \\‘ \\‘ \ Core
S v IAWAW, . Displacement
VAVAW XXX \VAVAV,
Primary Coil A
7
©  Quput
—— . Voltage
Schematic Sketch of LVDT
Fig. 6.3.3

Lin i oy ¢
€arly Variable Differential Transducer (LVDT) has a primary coil in the centre and
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i re . . €s
agnet1C €O e is applied to the prip,
ry coils at the ends. Am .o input voltag : ary o,
two secondary coils Iternating NP he secondary coil. When the g i '

na

in Fig. 6.3.3. When an, it and t S

as shown in Fig. 6. , tween i : : n

magnetic core varies the coupllllig beecon dary coils is equal. The secondary coils are ¢q ¢
the s

. Ne
tre position, the coupling to the s Itage is zero, when the core is at t.he Centre,
centre po and hence the output voltag ling to one secondary coil INCreases y,p
in opposite phase he centre position, the coupling ltage in one coil ang P
core moves away from the cen This would increase the voltage educe ip y,
it would reduce for the other. proportional to the displacement of the gop, Ly

o is thus directly _ . ncy applications.
other. The. :umtl;tt\;?;;aj-amres and are suitable for high frequency app
are insensitive

~d). Piezoelectric Accelerometer

- Spring

X

Piezoelectric r
crystals ‘ Mass

/. Output
H— Terminals
-/'

y . [+— Base

Vibrating Body

Piezoelectric Accelerometer
' Fig. 6.3.4



Chapter 6 : Vibration Measurement < 685
OPTICAL RECORDING INSTRUMENT

L
Test Specimen
$ Mirror © .
Light
Beam
Photo V
Sensitive Reflected
Paper \ Light
Rotating

Drum

Optical Recording Instrument
Fig. 6.4.1

Optical devices which are based on principles of light and are non contact type recording
instruments. A mirror is connected to the vibrating body through a linkage. The instrument uses
2 light signal which is reflected through a mirror on to a rotating drum. A photo sensitive paper
or film is fixed on the drum to record the vibratory motion. The major advantage of this kind of
an instrument is that it is insensitive to frequency ratio, as they have negligible inertia. A
sketch of an optical recording instrument is as shown in Fig. 6.4.1.

65 VIBRATION FREQUENCY MEASUREMENT

' Besides measuring the amplitude, velocity and the acceleration of vibrations, it is
'Mportant to find the frequency of vibrations. Most frequency measuring instruments of the

"f%hanical type are based on the principle of resonance. These are usually one of the two
Inds as discussed below.

a), i )
) Single Reed Frequency Meter or Fullarton Tachometer :
This instrument consists of a variable length cantilever strip or a reed of spring steel as

0 in Fig. 6.5.1. One end of this strip is clamped, and its free length can be changgd by a
W mechanism. Changing the length directly affects the natural frequency of the strip.

N

ShOW
Scre
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Variable Cantilever _
Strip (Reed) Calibrated Scale "\ Head \\

)

Thumb Nut

Single Reed Freque
Fig. 6.5.1

ncy Meter

firmly in contact with the vibrating body

d of the strip is then pressed W /
b e o : d to change its free length. This is done till the free enq

and the screw mechanism is manipulate : . '
shows large deflection. At this instant, the natural frequency of the cantilever is equal to the
exciting frequency. The length of the reed is then calibrated in terms of frequency.

b). Multi-Reed Instrument or Frahm's Tachometer : |
|||,||||~||‘|||,| =
. ' Seia Mass T

Multi-Reed Instrument or Frahm's Tachometer
Fig. 6.5.2

—

This instrument contains a number of reeds, with white tips arranged in a box will dull
interior (Refer Fig. 6.5.2). Each reed is in the form of a cantilever carrying small masses at their
free ends, thus having a different natural frequency. When this instrument is attached to the
vibr ?tiﬂg body, the reed whose frequency is closest to the excitation frequency will exhibit
maximum amplitude while the other reeds would hardly move. The frequency of this reed
WO!..l]d then be the frequency of the vibrating body. The swinging white tip can be easily observed
against the dark interior and if the reeds are calibrated, then their frequency can be easily r¢%

¢).  Stroboscope :

~ This is 2 non contact frequency measurement instrument. It consists of a light soures
which emits light pulses intermittently. The frequency at which ;he licht pulses are produc®
can be altered and read from the instrument. The instrument uses the rfignciple of persistence
vision to measure frequency in a rotating body. To do so. a desired %int ol:" the vibrating body
is v1e.wed with the stroboscope. This point will appear sta,tiona if aP;id only if the frequency ®
rotation and the frequency of the pulsating light is the s = « n meast’®
frequencies above 15 Hz. A Tostotosiet
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The electrodynamic exciter has two natural frequencies. The low stiffness of the flexible
support ensures a low natural frequency, whereas the other frequency due to the moving element
maybe designed very high. The operating zone of the exciter would then be in between these
two frequencies as shown in Fig. 6.7.4. Typically, these exciters can generate forces as high as
30 kN with a displacement of about 25 mm and work in the frequency range from 5 Hz to 20
kHz. The magnitude of the force is however restricted by the considerable heat produced in the
system. Proper cooling needs to be designed to reduce the temperatures in the coil.

The electrodynamic exciter is to be physically connected to the member under test and
the excitation occurs through this connection. However, if the test specimen is comparatively
small, then the stiffness and the mass of the exciter may considerably influence the characteristic
of the test specimen. In such cases, smaller sized non contact shakers are used. These can be
used to excite small test specimens which are made from magnetic material. The exciter uses a
strong magnet which is placed in the proximity of the test specimen but without any physical
contact. When the current flows through the coil, the moving element and the magnet vibrates
harmonically. The non contact magnetic bond between the permanent magnet and the test
specimen results in the test specimen moving harmonically creating excitation force.

6.8 VIBRATION METER

| AcceL L F-oispL

normaL ] Peak

RESET

|

Vibration Meter
Fig. 6.8.1

With the advent of modern electronics, the vibration measuring equipment have undergone
s L. . .
a tremendous change. A convenient measurement and display device'is a vibration meter as
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; : it which can b
l in Fig. 6.8.1. This is a hand held light weight unit whic o connecteq ¢, the
shown in Fig. 6.8.1.

‘brati er has a digital disp]a.

i i elerometer through a cable. The vl.bm“on l-T(ljztS this. itis fccon? oy l‘a Y and ¢,
glezotilect:g glcec displacement, velocity of ac'celera“O"}-] Bf:clhnician,to 'listen' toptélllmefj Vithay
e tethoscope with headphones, which allow the Ins itroredictiomih % Vlbration
eledctronflf . (:h e values displayed. This human interface helps in p € eXxact natyy, of
and confirm ) o .

a problem based on the experience of the technic

redictive maintenance which is aimed at improyi,

e i tivity. It can measure the overall vibratjo, leve]

inery reliability and enhancing produp ' . :

c?icrhslgftgl,)le freque?;cy ranges. These readings can then be compa.red w1_th se\./ent}/ charts 5

defined by ISO 2372 which would give the condition of the machm.e. Most vibration Meters
can also be connected to a computers to collect and store the data being measured.

The vibration meter can be used to in p

6.9 FFT SPECTRUM ANALYSER

In a real system, the vibratory signals received from the maphipe under steady running
conditions with respect to time domain are called as signature. This response is generally
periodic as the disturbing forces may have different frequencies and harmonics. Rarely would
the signature be harmonic. This signature obtained from the meters would help in giving the
- mean, rms or peak values of amplitudes, velocities and acceleration. However, the response
along the time domain would not help in sensing the causes of vibration. A typical acceleration
response as read along the time domain is as shown in Fig. 6.9.1 (a). This response needs to be
analysed and converted to the frequency domain as shown in F ig. 6.9.1 (b) and is referred to as
the spectrum. P et e

Acceleration

Time

(a) Acceleration along time domain

|
]
|
1
1
1
]
1 |-
)
!
]
[}
)
[}
]
|
1

foa
—_—

24 Hz
Frequency

Acceleration

(b) Acceleration along frequency domain
Fig. 6.9.1

o theseas apsidoredin Fig. 6.9.1, it can B aoen S5 4T i S gt oy
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jue at about a frequency o :

:?otors can then beqcheclzedfjr?diz. Tr}tl.-e operating speeds of major sources of vibrations li
£ about 24 Hz. Th pa lcule}r motor can be identified which h nS .
Spee.d ? ' us, the acceleration spectrum allows the technici a1 fotatlonal
articular motor whlcb would be the cause of vibration. Correcti echinician 10 identify a
replacement OF qha}nge in operating speed of the motor can baien tve a‘(’itlon such as motor
To gener'ate tl.ns kind of data for analysis, spectrum analysers are ufegg St]?h A
fromaVv ibration mete'r or a transducer are in time domain. This so 1 - IR ateratams s
analyser and the data is then presented in the frequency d (;main ignal is then analysed by an

To analyse a periodic moti i

10n, use ' 1 I i
S mofiof, 4D e : 1S 11‘1ade _of the Fourier series. As per this series, any
p'b : . represented by an infinite sum of sine and cosine terms. Thus the
vit rat1ons.51gnature can be converted into a mathematical equation and the transformations of
this equation would allow the conversion from time domain to frequency domain and vice

versa. -

The instruments required for vibration measurement have improved -vastly in the last
few years. The most accepted among these is the FFT (Fast Fourier Transform) Spectrum
Analyser. The FFT spectrum analyser provides a huge store of information and can give the
complete idea of the dynamic motion in real time and store the data for later use. FFT uses fast
microprocessors to instantaneously transform data using Fourier transforms from time domain
to frequency domain and vice versa in real time. The data analysed_through FET can be used to
find the natural frequencies, damping ratios, and other mode shapes in numerical or graphical

form, using the necessary software and hardware.

r‘"’s?m
j‘ Test Specimen o
M T e A I S

Amplitude

[~ -]
Horae: 1 Accelerometer
Transducer
Power
| Amplifier Frequency
and Signal
Conditionerl

Exciter

L Time Domain : )

ing FFT

Spectrum (FET) Analyser

Experimental Setup us
Fig. 6.9-2
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6.10 VIBRATION MONIT

Jarge vibrations to begin with, as the
the machines are subjected to wear, fatigue, foundzt’a =
ween mating parts, initiation of cracks, i-mbajanlon
f larger vibrations in the machine. As the mach:':::

g, finally leading to failure.

hines when installed do not have

accordingly designed. Howeve, with use,

settlement, misalignment, clearances bet
which are the sources 0

and other such factors,
Jife increases, these vibrations keep on increasin
the state of the machine by aural means. Careful listening

A skilled technician can monitor
to the gqi§e o‘f the machine reveals a lot about the state of the machine. In some cases, wh
accessibility is restricted, the technician may use the help of microphones to detect ’sou ec;e

: nds
blem areas of the machine. Necessary corrective and

which can point out the possible pro
reventi ' imi
p ve action can then be taken to eliminate these problems. Stroboscopes and magnifyi
gnitymng
thod of monitoring also require

fl:;jsﬁz (;:atm l;]e ‘j‘s?d to visually monitor large deflections. This me
echni ' :
cian who can detect the source of vibrations before they cause a failure
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out to identify the cha ST ration menitoring of machines is bei '
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and interpreted. 10¢

methods i
ods implemented to do so are explained below:

a). Time Domain Analysis :

In many cases, it i
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noted. T es the time hj gnature obtained i o
gears H.O understand the interpretat'e h‘St‘?r}’ of the signal and T Pf_mOd.lc in nature. The
WOuJa bethe pinion were to devel| 10n of time domain analysis any transient impulses can be
re . (o) 1S, a .
to identify z:) o leth the time Perl}())c;l crack, the transducer Corfyider dig cass 0L Wo mesh?ng
crack in a particular toothoi“thhe pinion. This Perio“C/](-)u.ld record an impulse which
ot'the pinj icity would help the technician
on. p

o the necessary warni
arning of a possible failure of an

individual co
mponent, as ;
the signa] tained j
Is that of
4 complet
e system.
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Zsi ference Of 90° as shown in Fig. 6.10.1. The re
esulti“g orbital graph is plotted. Any change i

rovide considerable information abou
ssed to n t the rotor dynamic behavi F X
y aviour. For example,

onsider Fig. 6.10.1 (b), where it is seen that orbit diameter has increased in th i irecti
This would mean a larger clearance in the vertical direction ¢ vertical direction.
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b). Frequency Domain Analysis :

The frequency domain analysis or frequency spectrum is a plot of the amplitude of
vibration versus the frequency. This can be generated from the time domain signal using a FFT

Spectrum analyser. The frequency spectrum gives useful information in detecting vibrations
f the system as seen earlier in article 6.9. It thus works as a

health chart of the machine and gives status and condition of its major components. As the
Spectrum is studied, the various peaks relate to various machine components. The fault
frequencies of standard components like bearings, fans, pumps, gearboxes, and.p}llleys can be
compared with standard formulas worked out. This wo_uld allow the technician to detect
Unbalance, misalignment, resonance, oil whirl and loosening of parts.

).

caused by a particular component O

Cepstrum Analysis :

A spectrum analysis helps in identifying the faults of individual components like gear
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. < is gets complicated if a particular gear is to e ldenllﬁed ing .
boxes. However, the analysis g Cepsiry, . earb()\

trum procedure is used. A '
' g el s he ©Ssen;
having multiple gear pairs. SPectryy, il
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pstrum is obtained by rearranging the letters of
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EXERCISES =

o 9
What is the importance of vibration measurement o
Draw a neat sketch and explain the typical arrangement of a vibratjop, Measuremep Yste

What are seismic measuring equipment ? What is the principal behind jt use as 5 Vibragiy,

measuring instrument ?
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10. Write g short note op freduency Measurement.

I1. Explain the working of 3 single reed freque_ncy meter,

12, Explain the working of 5 multi reed orFrahm's‘Tachometer.

I3. Whatis 5 stroboscope ang how js it used ?

14, What are vibratjop €xciters ? Explain the types of mechanijcg] yibrati_on exciters.
I5. What js an electrodynamic exciter 9

16. What are vibratiop eters ?

17. What js the significance of the F ourier serjeg ?

18. What are FFT Analyserg 9

19. Explain how fi cquency spectr Um can pe used to detect vibration related faults in a system.
20. Draw a peyy sketch of the €Xperimenty) Setup of for \vibration Measurement using an FFT

21. Write a short note o Vibratjop monitoring of m
22. What do YOu understanq by time domajp

24. Define the term Cepstrypm,
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