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A Multi-channel, Cross-Channel Case History
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Skip Hartman

Application

Petrochemical process chiller application. 
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Situation

Gas Turbine Driven Chiller Won't Come Up to Speed 
Design RPM = 5,760

5 stage centrifugal Compressor

 Direct drive
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Adjacent view of compressor, 
shaft and turbine (after repair)

Driver and driven units are both equipped with vibration proximity probes
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Compressor bearings are “fluid film” type. Adjacent view of

proximity probe interface rack

“As Found” Condition
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After compressor assembly the compressor proximity probes indicate that the “trip” vibration levels are exceeded while speed is building up.
– Trip occurs before compressor reaches design RPM.

– Speed at time of trip ranges from 4000 – 4400 RPM.

– Compressor rotor “critical” speed is approximately

4200 RPM.

– The compressor was being reassembled after a new “restaged” rotor had been delivered to allow the compressor to operate more efficiently at it's designed operating speed.
– Trip levels were raised multiple times.
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There were over 50 attempts at starting the machine.
Compressor vibration

probe spectrum indicates most vibration energy is at

1XRPM.

Spectrum while “idling” at 3400 RPM before runup attempt.
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Compressor vibration

probe spectrum

indicates most

vibration energy is at

1XRPM.

Trip levels were set at

2.4 mils (peak-peak)

displacement.
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Waterfall shows that

1XRPM frequency

during runup and

during coastdown.

Sump end “X” probe
Analysis

– Probable bowed rotor.

– Likely due to rub “event” (prior to installation of

vibration instrumentation).

– No indications of rub in steady state and transient data

 No fractional subharmonics (1/2, 1/3, ¼ X RPM).

 No “truncated” waveforms.

 No “truncated” orbits.

 No phase changes.

Recommendations

– Remove and inspect rotor, seals and bearings for

indications of rub.

– Examine factory balance stand documentation.

– Send rotor to high speed, large rotor balance facility for

precision balancing.

Findings when rotor and documentation were inspected.
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– Factory balance documentation showed excellent balance achieved on low speed balance stand.

– Interstage seals showed signs of rubbing.

– Review of field assembly documentation showed

unresolved notations of inadequate clearance at the rub

location.
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– Rotor was found to have significant bow when it arrived

at the balance facility.

Removal of compressor wheels (interference fit) from

shaft allowed shaft to “relax”, removing bow.

– Individual component dynamic balance of wheels and

shaft were completed.

– Rotor was assembled and tested in actual bearings to be used in compressor then dynamically balanced at high

speed to very high precision (no longer able to detect

reference phase).

– Bow was due to rotor temperature increase resulting

from rub “event”.
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– Interference fit compressor wheels acted as ratchets that locked the bow in place.

– Reassembled with great attention to detail and hand

fitting many rotor/seal locations.


After reassembly

(following return from the

balance facility) truncated

time-waveform data

indicates slight rub may

still exist under some

conditions.

Alignment adjustments the following month

eliminated this indication

in the waveform.

Post repair orbits give

some indication of

possible rub.
Shaft end probes have

low vibration

amplitude, but also

indicate erratic shaft

movement.

Post repair machine

operated with lower

vibration levels than

before.

Levels were not as low

as were “forecast” by

the finely balanced

rotor.

Resolution

Machine has continued to run with no degradation

in vibration levels, stability of operation or

compressor efficiencies since restarted in July 2003.

The compressor vibration and performance are

closely monitored due to the remaining indication

of a possible light rub.

Test Equipment

– MAARS Model 5000

– permanently installed

proximity probes

– CTC AC102-1A

accelerometers

– CTC shielded twisted

pair cables.
Gas Turbine Driven Centrifugal Chiller Rotor Bow





How Rotor Bow Prevented Start Up of a 


Chemical Plant's Primary Machine











Model 5000 circled.
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