Dagnosing
and SoMng
Resonance
Problems

by Philip  Garett  and TomLantip,
Southem  Company Senices,  Inc.
Oneof the most commonreasons for
hgh virton  of pant equpment s
someform of resonance of the
equipment components or support
strudure. Every mechanical  system

has resonant  frequences  (damped
reiua  frequences). f te s;sem 5
eposed o viraion  at these frequent

ges tw amy te vobaios The
eleds o ts arpied \baion  can
range from premature wear and
excessve  mainenance o material
figue 0 compee  studud ook
lapse. Anyumeymre desing Wllh

your equipment.  Second, to resolve
the problem you have to makea
choice between changing the operat-
ing speed or changng the resonant
fequences (@ bah).

Two Approaches to Identifying
Resonances

Youhave two opons for  identfying
resonant  frequencies. Wih te
analytcal approach,  you can use e
gement anaysis o buid acomputer
model of the system (the piece of
eqpmen, i supot studure,  ek)
and smulate s dynamics.  With the
empiical  approach, you measure the

Figure 1: The insignificant phase
shifting at about 3600 rpm sug-
gests that the corresponding
magnitude peak is a structural
resonance, not a shaft reso-
nance. You can see that the
magnitude peaks at around 3600
and 4600 RPM, indicating two
resonances. (Plotted with
Microsoft® Excel.)
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fequency response  of the acual
system. The examples discussed here
Lsrae bah

With ether approach, you offen need
o consder addional  eements as part
of the mechanical system. For
sance, te supot studure for a
pumpcan affect the pump's dynamics
because it adds its ownmassand
diiress popetes 1 the equation
This is the reason whypieces of
equipment that behave wel before
being installed sometimes misbehave
once they are instaled—and  why
equipment suppliers  need to make
sre tet ter poduss sl operae
poely der sk

Run-Up and Coast-Down

Testing

Acommonway to identify  resonances
empiicaly 5 0 operie e equp
ment across IS range of operating
speeds whie measuing the vibration

it exhbis. Runup and coast-down
standstill to maximumspeed and back
down, are aquick wayto see if
roublesome  resonances are present in
the system.

Whenyou see adiscrete  peak in the
magnitude that is accompanied by a
phese shit a te samefrequency, is
agood indication that aresonance
edists tee FHgue 1showsthe
magnitude and phase of the vibration

suggestslhatmtwormnmesare

need b ether avod operating speeds
around 3600 and 4600 RPNor modify

the dynamics to movethe resonances
up or down.

Stimulus-Response  Testing

Another commontest technique is
eding asudue wih anexdemnda
simulus  and measuring  howthe
studue  deleds i response. Impadt
tesding & oned the easest methods.
Youtypicaly ede te sysem wih
an instrumented  impact  hammerand
use asgnad  anayzer 10 measure this
input force and the response of the
frequency response funcdion  provides
both magnitude and phase plots 1o
hep youlocae raurd  frequences.

wemeasured during acoastdown  test lbed o aached D the studure The
onaboiler feed pump. Weacquired load cel provides ameasure of the
the data wih proximty probes onthe nput force.  Aswih impadt tesing,
shat and used oder tracking to keep your sgnd anayzer measures the
the measurement stable as weramped input force andthe output response
the speed down.
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and phase versus frequency 1o help
you idenfy  resonances.

Modifying  Structural Dynamics
ldentfying resonances s ofen  te
eeset pat of esdving avbaion
problem.  f you cant change the
operaing  speed of the equipment,  you
usialy have to conduct further
anayss andmody te studure D
change is dynamic properties. Since
resonant frequendes  are rled
the massand stifness of asystem,
addng massor changing  stfiness

e gadmgbramg or_rerm/_'rg
suypaf) canbeeedve  n shiing
the resonances ouside the operaiing
Speed range.

Paing te sySems  gperating
Oefledion  shape 5 auseul  tedhnique
for andyang the efleds of resonances
and panning - modifications. You start
by ceaing afamly of frequency
response funcion  measurements.
Studurd  angyss  sofware  can then
pat the shape of the vioration
deformaiion  over te studure’s
geometry.  Foure 2 shows the resuls
of atest onacondensate pump,
llustrating howthe pumpdeforms
whenoperating.  The problem in this
case 5 tat the resonant frequency s
a roughy 1475 Hz, vy dose  the

operating  speed of 149 Hz

The analytical approach  of creating
computer finte  element models offers
anoher powerful opfion for sohing
datup o abrge  ooalred power
pent,  cicuating Weter  pumps
ehbed hgh vbdion  lees
operaing  gpeed. Impadt tesiing
identiied aresonant  frequency  wihin
1%of the pumpoperaing speed in one
hoizorial  dredion  and anather
resonance within - 4%in the other
horizonial  direction. Since the pumps

2

were vaty e (2500 HP, 140000 b),
weneeded a considerable amount of
stifness 0 noease  boh resonant
frequences  above the pumpoperating
speed. Afinte  element model showed
thet bradng aganst the sed faming of
the buidng woud raise both frequen-
cdes 10%sbove operaing  speed. Afer
mocificaions were in pace, another
round of measurements verfied  that
the vioraion  had decreased enough to
bewel wihn accepabe leves

In manyvitraion  cases, adding
diness & the best souion Ih oe
case invoving  aboler feed pump
foundation, however, wefaced a
treee pat poddem RS s pator
br resonance  wesdificuk D resove
smply by stfening the support
studure. Second, there were other
resonant frequences  below the
operating range that wemight have
shted upino the operating range hed
wetied  sfffening. Thid, wehad some

Aswith the drculating water pump, a
fnie  element model pointed the way
toward a solution. The model showed
tet whie siffening woud be tedni
cy e & wod egue edEn
sve  modficaion. The alemative wes
o sofen the studure  and thereby
lower the resonant frequency. Al we
had b dowascut sos in te steel
foundetion,  which lonered the
resonance from 797 Hzto 671 Hz This
saved both the cost and downtme
noed wih Blicaing sed o
ing pates andweldng themin place.

Solutions
Problems

Pumpsare a commonapplication for
resonance measurement and modeling,
but the techniques appy to awide
range of vibraion  problems in many
industries. Leaming howio identily

for a Wide Range of

Figures 2a & 2b: The fre-
quency response function (a)
showing

a natural frequency at roughly
14.75 Hz. The operating de-
flection shape (b) shows the
effect of the pump’s 14.9 Hz
running speed.

and corect resonance problems can

hep your compery signiicartly
reduce both downtime and equipment

repair  and replacement  costs. =
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