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Abstract
Unacceptable vibrations levels where experienced during 
commissioning of a new compressor test facility. Two separate 
issues were encountered during commissioning: a synchronous 
vibration response while crossing the first critical speed (natural 
frequency), and at higher shaft speed, a subsynchronous 
vibration that locked to the rotor first natural frequency. The likely 
source of the instability was oil trapped in the hollow shaft of the 
compressor test assembly. The addition of a wire mesh damper 
paired with a carefully designed tri -lobe canted journal bearing 
eliminated both issues.
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Background (I)

ÅNDTL designed and constructed a compressor test facility to replace a 

decommissioned small compressor test cell.

Å3MW at 60kRPM

ÅThe facility drives an existing (50 year old) compressor test assembly (CTA).

ÅThe compressor and CTA both proven over decades of work.
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Background (II)
ÅThe new facility uses a different gearbox than the old facility.

ÅThe design involved a super -critical quill shaft

ÅAn accurate rotordynamics analysis was not feasible  ɀ not enough info.

ÅApproach: carry the risk and establish rotordynamics parameters during 

tests.

ÅUnacceptable vibration levels discovered during facility commissioning.
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The Test Facility

Compressor Test Assembly
(customer furnished)

NDTL Gearbox

NDTL Motor
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High Speed Rotor System

Gearbox

Gearbox High Speed Pinion

Compressor Test 
Assembly

End of Quill Shaft

Annular Seal

Spline Connection

Customer CTA ShaftQuill Shaft

Stand
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Bearings and Instrumentation

Additional Bearings in Compressor

Proximity Probe

Ball bearing

Roller bearing

KEY:
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Hollow Quill Shaft Connections

Spline Connection Spline ConnectionSpline Connection Spline Connection

Ball bearing Roller bearing
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Simple Beam Element Model of
Gear Box (GB) Output Pinion and Quill Shaft

This spring represents the 
CTA connection stiffness. 
Not enough information 
available to estimate its 
magnitude.

KB KB 
KCTA 

GB Output Pinion Ball Bearings 
(parameters supplied by vendor)

Quill ShaftGB Output Pinion
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Simple Beam Element Model GB & Quill Shaft
Critical Speed Map vs CTA Stiffness
If CTA support 
stiffness (KCTA) is 
low, modal 
crossing will be at 
low speed.

~minimum mapping speed

~maximum mapping speed

Second  mode remains 
above operating speed 
range (~30k-60k rpm)

If KCTA is stiff, modal 
crossing could be within 
the operating range.

Preference was to cross first critical at low speed Ą select a soft quill with the 
assumption that the CTA connection had low stiffness.



12

Initial Configuration – Campbell Diagram

Shaft speed (RPM)

F
re

q
u

e
n

cy
 (

H
z) Too Large Shaft 

Deflection at 1E

15 kRPM

250 Hz

Must add damping

1E

30 kRPM

Reached
~12.5 kRPM 
= critical speed

Target:
~55 kRPM
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Quill Shaft

Air Seal

Customer CTA 
Shaft

Bearing

Four lobes journal bearing
½ DҐ лΦрмоέΣ c Ґ лΦллулέΣ L Ґ лΦррέ

       MIL-PRF-23699 oil  (5 cst at 100 C)

Spline Connection

Next Step: Add a Fluid Film Bearing
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Reduced amplitude  
synchronous 
response

Subsynchronous 
response

Add a Bearing – Campbell Diagram

Shaft speed (RPM)

F
re

q
u

e
n

cy
 (

H
z)

15 kRPM

250 Hz

1E

0.7E

30 kRPM

Reached
~29 kRPM
(483 Hz)
Above 
crit speed

Target:
~55 kRPM
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Add a Fluid Film Bearing – Major Outcome

Fixed (reduced) the large amplitude of 
synchronous response issue, 

but found a subsynchronous whirl frequency 
tracking shaft speed Ą Source unknown.
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Next Step: Change Bearing Type & Add Damping
SFDÅPressure dam bearing

½ D Ґ лΦрмоέΣ c Ґ лΦллулέΣ L Ґ лΦррέ

ÅEnd sealed squeeze film damper (SFD) 

½ D Ґ лΦтрлέΣ / Ґ лΦллорέΣ [ Ґ лΦоуέ

ÅMIL-PRF-23699 oil  (5 cst at 100 C)

Air Seal

Customer 
CTA Shaft

Bearing

Quill Shaft

Spline Connection
SFD
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Pressure Dam Bearing + SFD – Campbell Diagram
First Run

Second Run

Much reduced amplitude of 
synchronous response

Subsynchronous whirl motion

Very small amplitude synchronous response

Free of Subsynch whirl motions

1E

0.7E

1E

Shaft speed (RPM)

F
re

q
u
e

n
cy

 (
H

z)

15 kRPM

250 Hz

15 kRPM

250 Hz

30 kRPM

30 kRPM

Target:
~55kRPM

Reached 
~31 kRPM

Reached:
~40 kRPM
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Change Bearing again, add SFD – Major Outcome

Adding the squeeze film damper seemed to 
helpɎ sometimes!

First run after rebuild shows rotor is stable, but 
not later runs. This was a repeatable behavior.
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Next Step - Call the Experts

Prof. Emeritus Luis San Andrés

Prof. Adolfo Delgado
¢Ƙŀǘ ƛǎ ŀ ƭƻǘ ƻŦ ǎǇƭƛƴŜ ŎƻƴƴŜŎǘƛƻƴǎΧ 
friction on the rotor is bad, are they 

lubricated? Wait a minute, can that oil 
get out or is it trapped?

Trapped fluid can result in 

subsynch vibes at fractions of shaft 
speed ~70%
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Instability Hypothesis – Trapped Fluid
ÅFirst run stable, later runs not.

ÅSub-synchronous frequency |~70% shaft 

speed.

ÅEvidence of oil trapped inside hollow 

shaft .

ÅPer drawings: no path for oil to escape 

(see next chart)
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Oil Flow Path

Spline 
Connection

Spline 
Connection

Spline 
Connection

Spline 
Connection

Oil Flow

Oil Collects

Some oil out through splines;
No weeps holes Oil Flow

Modification for oil drainage was not an option ɀ only thing to do was add 
more damping and use tuned rotordynamics model to select bearing.
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Next Step – Change Bearing & Add Wire Mesh Damper
Wire Mesh Damper

Tri-Lobe Bearing

ÅTri-lobe canted bearing

½ D Ґ лΦрмоέΣ c Ґ лΦллсκлΦллоέΣ L Ґ лΦррέ

ÅWire Mesh Damper (WMD) 

½ D Ґ лΦспоέΣ ǘƘƛŎƪƴŜǎǎ Ґ лΦмнрέΣ [ Ґ лΦсррέ

ÅMIL-PRF-23699 oil
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Low amplitude, nearly 
constant, synchronous 
response

Free of subsynchronous whirl motions Ą 

stable rotor

Tri-Lobe Bearing + WMD – Campbell Diagram

Shaft speed (RPM)

F
re

q
u

e
n

cy
 (

H
z)

15 kRPM

250 Hz

1E
666 Hz

40 kRPM30 kRPM

Reached:
~55 kRPM

Target:
~55 kRPM
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Root Cause Analysis Summary
Original rotor system design did not have enough damping to traverse its first 
critical speed.

The addition of damping (and some stiffness) was effective at reducing the 
amplitude of synchronous response while crossing the first critical speed.

A subsynchronous  whirl instability likely caused by oil trapped in the rotor 
appeared above the first critical speed and locked on to the first critical mode.

Implementing a tri -lobed bearing and a wire mesh damper resolved the 
issue. The bearing parameters obtained from a rotordynamics stability 
model.
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Lessons Learned
When venturing into new territory, do not skip the book 
chapter on instability!

Contact experts when no more apparent options are known!

Thanks!! 

Questions (?)



Relevant LITERATURE
Instability due to Trapped Fluid
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Trapped Oil ï TurboLab  Research



Trapped Fluid?

TurboLab Research 2023

PAPER EXPERIMENT
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https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2 -f0e2-4c75-9528-895a7d9f7abc/content

TPS Case Study
Trapped Oil ï Chevron Energy RCA

https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
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https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2 -f0e2-4c75-9528-895a7d9f7abc/content

Trapped Oil ï Chevron Energy RCA

https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content
https://oaktrust.library.tamu.edu/server/api/core/bitstreams/dfbd9dd2-f0e2-4c75-9528-895a7d9f7abc/content


SUSPECTED TOPICS

SUCTION SCRUBBER GAS MW SEAL GAS AIR IN LUBE OIL COMPRESSOR STALL LUBE OIL 
OUTSIDE 

COUPLING

TRAPPED OIL

Trapped Oil ï Chevron Energy RCA
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Trapped Oil ï Chevron Energy RCA
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Trapped Oil - Siemens RCA



6-TRAPPED OIL- Siemens RCA
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Trapped Oil - Siemens RCA
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JSME Oil Inside Diaphragm Coupling

36
https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/031_E_final_HP.pdf

https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/031_E_final_HP.pdf


JSME Oil Inside Diaphragm Coupling

37https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/031_E_final_HP.pdf

https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/031_E_final_HP.pdf
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https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/369_E_final_HP.pdf

JSME ï Rotor Containing Liquid                    2024

https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/369_E_final_HP.pdf
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https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/369_E_final_HP.pdf

JSME ï Rotor Containing Liquid

https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/369_E_final_HP.pdf
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https://ntrs.nasa.gov/api/citations/19830022156/downloads/19830022156.pdf

NASA Pratt & Whitney ï Add weep holes

1983

https://ntrs.nasa.gov/api/citations/19830022156/downloads/19830022156.pdf
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Async Vib Incident in a Jet Engine
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https://www.linkedin.com/pulse/centrifuge -trapped -liquid -rotor -instability -j%C3%B8rgen-colding -j%C3%B8rgensen

10-TRAPPED OIL- Async Vib Incident in a Jet Engine

Other  example ï centrifuge

https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen
https://www.linkedin.com/pulse/centrifuge-trapped-liquid-rotor-instability-j%C3%B8rgen-colding-j%C3%B8rgensen


VIBRATION COMPARISON

TEST 31 - FAIL

Rootcause Freq

Other example ï Gas Turbine



SSV due to POOR LUBRICATION and CAVITATION

PAPER EXPERIMENTAL

ü Nonsync response disappears when supply 
pressure above 1.6 bar



-POOR LUBRICATION and CAVITATIONSSV due to POOR LUBRICATION and CAVITATION

1996
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https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/806_E_final_HP.pdf

Vibes due to OIL CAVITATION

https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/806_E_final_HP.pdf
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https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/806_E_final_HP.pdf

Vibes due to OIL CAVITATION

https://www.jsme.or.jp/dmc/uploads/sites/40/2024/04/806_E_final_HP.pdf
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