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== Abstract:

A de-superheating boiler feed water pump was facing high vibration issue for last 19
years.

= Pump had been overhauled multiple times in past, but the issue was not resolved.
Dominant frequency appearing in vibration spectrum was 1.58 X order, which was not

matching with any of the pump component frequency. Furthermore, maintenance
history of the pump prior to year 2005 & complete machine manual was not available.

Detailed study was conducted to resolve the pump vibration issue.
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Background:

There are 2 plants at Engro fertilizer site i.e., plant-1(old) and plant-2(new). At our
plant-1 utilities, de-superheating boiler feed water pump is installed with following
specifications.

Specification of Pump:

Service Boiler Feed Water
Configuration Horizontally Overhung
Designated code-API-610 [OH-1

Capacity 68 M3 HR
Horsepower 17.5HP

RPM 2960

Suction Pressure 22 PSIG

Discharge Pressure 220 PSIG
Differential Pressure 200 PSIG

Year of commissioning 1967




Background:

Cross-Sectional drawing of P-513
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Background:

This pump takes suction from this de-aerator drum. Afterward, It has 2 applications.
First, it supplies quenching water to the de-superheating stations. Second, it is utilized

in the initial filling of BFW for steam generation during power black-out emergency
situation.

To saturate superheated steam
Use # 1: : .
Use # 2:

During power black out emergency Saturated steam Urea Plant

This pump remained problematic for last 19 years. In absence of this pump, the purpose

of steam de-superheating was being achieved through main BFW pumps (total # 4, 3

/- _ operational & 1 standby, differential pressure 825 psig & 70 m3/hr.), while for
‘ ency blackout situation, BFW for initial filling is supplied from plant-2 utilities.
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Problem Statement:

De-superheating boiler feed water pump had high vibration issue for past 19 years

Vibration was found high at |/B horizontal up to 1.1 inch/sec & at O/B horizontal up to
0.6 inch/sec pk

Dominant vibration frequency in spectrum was 1.58X order
Frequent |/B bearing failures with vibrations increasing even further

Multiple overhauls performed in the past to resolve this problem, but the issue
persisted

Pump is operated on recommended differential pressure range (180 to 200 psi)
mentioned in pump data sheet, but vibration remained high.

Maintenance history of pump was not available prior to year 2005

This machine is old and commissioned in 1967. Machine manual and performance
curve are not available




Trouble Shooting:

Vibration Analysis data was reviewed, and it revealed predominant vibration at
1.58X(non-synchronous). Pointing out to 3 possible issues as per vibration literature

v'Bearing fault frequencies (Bearings Nos & fault frequencies are provided in slide 11)
vTransmitting vibration from neighboring machines

vResonance frequencies
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Bump test on pump

order,

M Note:

Bump test on pump foundation

4 Bump test revealed resonant
=% frequency at 3.6X & 5.7X

It confirms that issue is not
related to pump’s natural
frequency or resonance.
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.Observatlons & Rectification:

Upon dismantling bearings condition, impeller, wear ring, throat bush clearances, fits
values, alignment and rotor balancing were checked.

Based on which, following were the observations

1. Both(2ea) impeller wear ring clearances found high at 0.026” vs API-610 recommended
value of 0.017”

N

Ovality of 0.005” was observed in I/B bearing housing

w

|/B ball bearings were polyamide caged(max operating temp limit of polyamide caged
bearing is 120 °C), while this pump service temperature is 130 °C.

4. Balancing of rotor and machine alignment were found within acceptable range

| Action taken:

\
‘ 1.
o\

A 2. Machining of 1I/B bearing housing and installation of sleeve ring was done, to address
& ovality issue. Moreover, |/B bearing was modified with steel caged ball bearing.

Wear ring clearances were newly fabricated to maintain correct clearances. Moreover,
wear ring were additionally fabricated and introduced in warehouse as spare item.
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B Fault Tree Analysis (FTA):

Vibration dominantfrequency

1.58X order: Non-Synchronous frequency

1. Bearing Fault Frequencies 2. Transmitting frequencies 3. Resonance frequencies
IB ball bearing # . Foundation Neighboring machines Component & Others
Comparatively
7311 . Structural resonance
, high 1/B end ‘
OB ball bearing # . .
3912 vibration 1.1 | !
inch/sec vs O/B Grouted Dominant frequency Bump test revealed Wear ring
¢ end 0.6 inch/sec of neighboring resonance frequency clearances
* Bearing faults | shdechie fot on pump shaft as found high
i matching 3.6x and on

structure as 5.7X

frequencies
=weve | [
v

Contributary Factor Component-& instabilities
S b b e e Key Factor

Fluid induced

*Bearing fault frequencies
Bearing # 7311: BPFO: 4.8, BPFI 7.2, FTF 0.4, BSF 2.07

ASIA-TURBOMAEHINERY )
o L PUMPSYMPOS UM Bearing # 3212: BPFO: 7.78, BPFI 10.22, FTF 0.43, BSF 3.15



Root Cause:

due to increased

Method of rule of elimination was utilized to identify the cause of the problem. Based on
analysis, it revealed that dominant frequency 1.58X was appearing in vibration spectrum,
impeller wear ring(both) clearances (key factor) & issue of
comparatively high vibration at pump I/B end (vs O/B end) was caused by ovality in
bearing housing (contributing factor).

Key factor:
Increased impe
wear ring
clearances

ller

Contributing factor:
Ovality in bearing housing




- Results

~ Machine was started on 16 Feb-2021, after performing corrective actions. Vibration values
of pump were reduced from 1.1 inch/sec to 0.10 inch/sec pk at same operating
parameters. Dominant frequency of 1.58x order present in previous spectrums was

completely vanished. Currently, vibrations of machine are running normal.
Spectrums after overhaul
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Lesson Learnt:

Increased wear ring clearances can produce fluid induced instabilities that leads to
high vibration at non-synchronous frequencies

Maintenance history of the pump to be properly recorded, otherwise it cause
problem in troubleshooting of machine faults

Explore using of nonmetallic wear rings in centrifugal pump to keep clearances even
below APl recommended clearances. Non-metallic wear ring with reduced clearances
bears more radial load, reduces chances of pump seizure and improves pump
efficiency by Lomakin effect.

_ In addition to this, complex issue of vibration can sometimes be resolved by following
basic rule of maintenance repair, such as adjustment of wear ring clearance to proper
limit

/-
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