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Problem Statement

¢ A VED driven sewage
pump with a long
driveshaft was
experiencing excessive
vibrations at the bearing
tower location at inter-
mediate flew and
Speeds. [he majority. of
the vibration was
OCCUKKFING at 3X running
Speed. The task was to
determine the seurce of
the vikration and
PrOPOSE a suitanle
Selution Witheut costly
trHalland enrrer Hield fixes;




Pump Operating Conditions

¢ The operating speed range of the pump Is
382 rpm to 509 rpm (6.4 Hz to 8.5 Hz) and Is
controlled by a VED.

¢ [he pump flew rate 1s 46,000 GPM and
develops 56 Ft TDH at 800 HP.

¢ [he pump impeller has three (3) Vanes and IS
made fifem cast Iren. The ODIISs approximately.
40NNCHES.

¢ [he peak vikration off 0.4 in/sk at the hearking
tOWEr eeelrs at 84006 Hew (428 Hm = 7.1"Hz)



Analysis Methods

¢ Perform detailed modal and operating
deflection shape (ODS) with multi-channel
data acquisition equipment.

¢ Hammer iImpact moedal testing as well as
USInGg an accelerometer attached to a stick
Fiding on the shalt during eperation Were
Used te determine the naturall firfeguencies
et the pum|e:



Operating Deflected Shape
ME Scope Model

3DView: [Complex] 21.5 Hz 849% flow — 428 r pm

21.5 HZ
(3 x428 rpm = 1290 rpm)
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Hammer Impact Modal Response
at Bearing Tower

[9/unit force] Frequency Response
Perpendicular to discharge on bearing to\

3X running ine shaft modes

speed range
\
]
N

| \ L~
j
v

0 10 20 30 40 50 60 70 80 90
[Hz]

Flejure 2

el




Shaft Stick Freguency Response
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Preliminary. Conclusions

¢ Peak vibration was being excited by 3X
vane pass at 84%o flow (428 rpm).

¢ ODS clearly shewed bearing tewer motion
at 21..5 Hz, but iImpact testing at bearing
tower shewed ne natural freguency. InF 3x
OpPerating range.

¢ However, shaft stick measurements
Indicated a natural freqguency: at 22 Hz of
URKRAGWR SOUKCE.



Preliminary. Conclusions

¢ [he shaft natural freqguency could not be
excited by hammer impact test. The large
overhung weight of the impeller (=1 ton)
could not be Impacted. Therefore, the
nature and mode shape of the shaft
freguency. was: not Knewn.

¢ [hus, finite element analysis  was needed to
determine I a shait lateraliwas incdeed
present and What woeuld ke reguired to
eliminate the vikration preklem.



Finite Element Model of Pump

<— Line shaft

Bearing Tower




Enlarged View of FEA Model
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Solids Model Used to Calculate
Impeller Properties

*Metal weight
«Center of gravity

e ransverse
moment of Inertia

*Entrapped water
weight

eExternal water
weight
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Anali Results

Uisplacement Mag E Oisplacement Mag
Ueformed Original Mode 5. baBe-0 Ueformed Original Mode = Eeee
Max Disp +1.0000E-00

cale 3.32B0E+01

Mode 3 0B54E+01
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Analysis Results

Frequency — FEA  Frequency — Description
complete pump Test
81 Hz 85 Hz 15t torsional of rotor assembly
20.6 Hz 21-22 Hz 15t [ateral of imp/shaft
(parallel to discharge)
20.7 Hz 21-22 Hz 15t [ateral of imp/shaft
(perpendicular to discharge)
30.6 Hz 28-31 Hz 15t bending of drive shaft
(parallel to discharge)
30.7 Hz 28-31 Hz 15t bending of drive shaft
(perpendicular to discharge)
46.4 Hz 42-46 Hz 2" bending of drive shaft
(parallel to discharge)
46.9 Hz 42-46 Hz 2" bending of drive shaft

(perpendicular to discharge)



Conclusions

¢ A lateral rotor natural frequency was being
excited by 3x vane pass at 21.0 - 22.0 Hz as was
Indicated by the underlying shaft stick data and
corroborated with the FEA results.

¢ [he rotor critical would have te be raised to
28.0/ Hz to provide a 10% margin above the
maximum running speed of 509 rpm (25.5 Hz).

¢ However, It was determined that even If the
pearing tewer were infinitely stifif; the natural
freguency. woeuld st fallhwithin the FruRRing
Speed. herefere, neramount of external bBracing
Woeuld selve this preniem.

¢ AttemptsitorioWerrthe feguency Were
discolraged since thisswoeuld*weaken the pump.



Recommendations

The modulus of the stuffing box and bearing
tower were increased by switching from cast Iron
to ductile Iron.

The rotor shaft diameters were Iincreased
substantially te raise the shalt’s stiffness.

TThe impellerwas re-lecated slightly higher on the
shalft whichl reduced the moement akm thereny.
Increasing the stiffness.

Frem the FEA; alll off the' albove Were Recded toe
ralse the nattraliirequency, tor 26.0r Hz and
previde a 1026 margin: akeyve: Sx FinRIng speed.



Final Results

¢ After the recommended fixes were
Implemented, the vibration levels decreased
from 0.4 in/s to less than 0.1 In/s at the
pearing teower.

¢ Fellew up field test shewed that the
freguencies; that were at 21-22 Hz Were
gone, and shait stick- measurements
shoewed smallfpeaks areuned 28 IHZ JUSE as
pPredicted by the analysis:



Final Results

Autospectrum(Ch Number 3) - Mark 1
Working : Shaft_Stick3-Right : Input: FFT Analyzer
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