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Background Information

¢ A VED driven sewage
pump with a long
drive-shaft mounted
on large vertical
CORNCFEete pIers was
originally: analyzed for
natural frequency.
prediction; using FEA
technigues as required’ [=s
PV, the Specification:




Pump Operating Conditions

¢ [he operating speed range of the pump Is
552 rpm to 595 rpm (9.20 Hz to 9.92 Hz) and

s controlled by a VED.

¢ [[he pump flow rate is 35 MGD (24300 GPM)
and develops 193 Ft TDH at 1500 HP.

¢ [he pump impeller has four (4) Vanes and: IS
made firom cast steel. he ODb:is
approximately: 44 inches. Vane pass
eExcitation range is irom 36.8 Hz tor SO.7: HzZ.



Background Information

¢ Preliminary analysis found that the
entire pump volute casing mounted on
two 10 fit. high vertical concrete piers
predicted rocking modes that fell
within 4x running speed of the pump
(836.8 Hz-39.7 Hz) and the £20%
Separation margin range o 29.4: HZ to
47.6 Hz




ackground Information
Original FEA Results
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Background Information

¢ Modifications to the model were made
prior to the pump’s installation which
consisted of supports for the suction and
discharge noezzles as well as joining the
two) vertical piers on the discharge side to
form a herseshoe support. These
Moedifications Were predicted ter raise the
Ofifendingl casing Focking moede natural
requencies tor 20%: aboeve 4x FURning
Speed (Vane pass)) te; ~46) Hz.



Background Information
Original Modified FEA Results
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Background Information
Original Modified FEA Results
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Problem Statement

» When the pump was finally installed, high
vibrations were being measured on the pump
bearing tower of 0.6 in/s RMS at 4x running
speed (Vane pass). But Why? Hadn't the
analysis provided guidance to avoid this???

¢ [he task new was to determine the source of the
Vibration vial field trotble shooting metheds and
PrOPOSE a suitablersplttion witheut costiy: trial
and error ield ixes Using the existing FEA model:



Analysis Methods

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

o Hammer impact modal testing as wellfas
USIng an accelerometer attached to a shafit
FIdEr sticks onrthe pumpr shaiit during
OpEeration Were Used ter determine the
naturaliireguUenCcIES off the pumip:



Initial Observations

¢ The installed pump was mounted on two
vertical piers that were not connected
together as recommended.

¢ Ihe suction inlet was not supported as
recommended.

¢ he discharge was suppoerted but 1ts: pler
Was) mostly imbedded IR one of the
Verticall piers.

¢ [he pumprdischarge was rotated
approximately: 5 degrees.



Fleld Testing Measurement Points
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Hammer Impact Modal Response
at Bearing Tower
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Modal Test Animation at 42 Hz

Z View
BLK: Kirie _35MGD_Modal_Para
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X View
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Y View
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ODS Animation at VPFE (38.0 Hz)
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Forced Response FET
at Bearing Tower

| Autospectrum(Signal 3) - Mark 1 (Real) \ FFT Analyzer
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Spectrum measured at the top of the bearing tower in
the parallel (top) direction to the discharge pipe while
the pump was running at 570 rpm
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Preliminary Conclusions

¢ Clearly the high vibration was due to the
casing rocking natural frequency in the vane
PAass operating range at 38 Hz.

¢ Apparently due te access issues the two piers
WEre never connected together, but this
Information Was never communicated back
for evaluation.

¢ Altheugh the modelrhad originally predictea
MOGES INtErfErING WIthrVane pass, the
discharge nozzle beingrsupported snould nave
ralsed the natlural ireguency, torjustoutside of
Che eperating range albeit net withrsuificient
Sepakationtmargin:



Preliminary Conclusions

¢ It was suspected that in addition to the
obvious differences between what was
analyzed and reality, there may have been
Soft foot conditions present.

¢ [hus, the previous finite element analysis
needed te be updated to reflect the current
PIEr configuration and casing erientation to
establishiarnew: baseline firem Which
medifications could be evaluated.



Solid Model of Existing Pump
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Analysis Results

Baseline results with soft mounting at the pump support brackets — 38.4 Hz
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Analysis Results

FEA RESULTS - Actual Existing foundation and Modfications

Dscription

Frequency

" Mode 1 | Mode 2

Separation
margin (%)

Baseline - no suction pier near gate valve.
Soft mount at brackets/ foundation 129" wide

384 Hz | 424 Hz

-3.2%

Baseline - no suction pier near gate valve.
Wiith integral mount at brackets/ foundation 128" wide

41.5Hz | 43.1 Hz

4.6%

Concrete elevated beams front & rear/ suction pier

Front concrete beam 31" thick / rear 24" thick and 24" tall
20" thk suction saddle 32.5" tall 52" wide

One disch. bracket (boxed) / one suction bracket (boxed)
Original side brackets (soft mount)

Same as 3 with 24" thicker (vertical direction) discharge
pier and 10" vertical beams on either side leaving
a 32" wide by 52" tall access portal (soft mount)

Same as 4 with discharge side concrete bridge only. One
disch. bracket (boxed) only (soft mount)
Original side brackets {soft mount)

Same as S with discharge side concrete bridge only. One
disch. bracket (boxed) only (integral mount)
Original side brackets (integral mount)

Same as 4 with suction side bridge beam chamfered 18" x
7" One disch. bracket (boxed) / one suction bracket
{boxed) Original side brackets {soft mount)
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Modification to Pump Support

View from the suction end View from the discharge end
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Modification to Pump Support
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Final Analysis Results
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Conclusions

o It is clear from the analysis and the subsequent
field test data that concrete piers, while
seemingly appearing to be rigid are indeed quite
flexible especially at heights of 10 feet.

¢ Had the pump been just 2 feet lower, the
structure would have been stiffer, and the
natural frequency: would not have been in the
Vane pPass Operating speed range.

¢ In this particular case, had the structure been
analyzed as constructed, With the pump rotated
5  degrees, onrtwe: piersswithrthe discharde: pler
embedded as sNown, and NerSUCtion SUPPOLL,
the analysistwoeuldtnave predicted oniy: 4.6%
Separation:margintwhichrwoeularhave fallen well
SNOKE B the SpeCification reguirement of 20%.



Conclusions

¢ [he assumption of all plates being integral dia
Introduce some error but this is why:
specifications tend to specify wider separation
margins for analysis than what IS necessary. in
the field for safe operation.

¢ Examination off the bracket mounting to the
sele plates indicated! large spans: between: Dolts
making the tusual assumption: off plates
PENaVING as Integral lessraccurate and
additionalrboeltingrwould Rave maderthis
assUmptionsmore realistic:



Recommendations

¢ It is obvious that communications between the
analyst, pump OEM, and contractor need to be
more transparent in order to avoid such
problems.

¢ [he concrete piers were tied together and the
SUCtion nozzle supported as analyzed and two
additional brackets were employed.

¢ [he bolting terdues Were Increased and Washers
added tor the pump moeunting belts torspread out
CONtACt SUKaCES torMINIMIZEr SOt oL CONAItIONS:

¢ he discharge nozzie stuppont DraCket Was
INSPECtEE and FOUNGE tOrENBOSE anENEWaS re-
grouted andrbolts torgued tornigherfevels



Final Results

¢ After the recommended fixes were implemented,
the vibration levels decreased from 0.6 in/s RMS
to less than 0.2 in/s RMS at the bearing tower.

¢ Follow up field test by others showed that the
reguencies that were at 38 Hz had shifted to
46H7z and 52.5Hz, clese tor analysis predictions.



Final Results
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