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The problem:

• High generator gear vibrations and frequent 
vibration trips at main generators at several 
offshore oil and gas installations.

• The vibration frequency was early 
diagnosed as the 1st torsional natural 
frequency of the drive train – but the alarms 
and trips were on lateral vibration



A typical trip
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A typical trip
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Early diagnostics work

• Measurements:

• Strain gauges on 
coupling to verify 
torsional vibration 
(Norconsult)

• Influence of load 
investigated – problem 
increased with load

• Calculations

• The 1st torsional 
natural frequency was 
calculated and was 
very close to vibration 
frequency



The big questions:

• Instability or resonance?
• Internal generator problem or external 

cause?
• Electrical or mechanical problem?
• What can we do to avoid trips and black-

outs?



How to get answers(1)

• Better calculation models, combined torsional-lateral 

• (not API standard, software not easily available)



How to get answers(2)
• Better data 

needed,– months
can go between
trips. We need tape 
recorder quality 
over several 
months, 
continuously

• Example: 
Compressor VSD 
resonance



Colding contributions
1999-2002

• The CC 2000 system: 
continous vibration 
data storage and
analysis with fine time 
and frequency
resolution over several 
months

• New computer model, 
representing complete 
torsional-lateral 
dynamics of drive 
train, including 
bearing, foundation 
and gear mesh effects



Colding contributions(2)

• A solution strategy:
• 1) Increase damping by increasing natural 

frequency – this will work even though the 
exact cause is not known, and can be 
implemented relatively quickly

• 2) Study torsional-lateral dynamics, 
bearings and torsional damping to optimize 
future design



The basics:

• In all parallel gears, 
there is a coupling 
between lateral and 
torsional vibration, 
due to the tooth force



The basics (2)

• Bearing forces can 
give positive damping, 
but also destabilising 
forces, depending on 
speed and load 



Many possible causes
• Mechanical and 

electrical excitation 
forces can excite 
natural frequencies

• Negative damping 
can come from 
bearings, or control
system and power 
grid.

Even wind and wave has been suspected



Examining the possible 
sources

• Control system was modified to make it 
inactive around natural frequency

• Electrical system was investigated
• Compressor VSDs were examined, by 

deliberate resonance test
• Other sources in power grid were examined 

(Pumps, cranes, heaters, etc.)



Compressor VSD excitation



Heater excitation (measured)

• Thyristor 
controlled 
heaters show 
excitation 
pattern similar
to compressor 
VSDs, varying 
with heater 
load %
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Excitation frequency vs. heater power
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Diagnostics using OPIS 
and CC2000

• Use process 
monitoring system 
(OPIS) to identify 
process conditons 
and changes when 
high vibration 
occurs

• Example: thyristor 
controlled heaters at 
certain power levels



Diagnostics using OPIS 
and CC2000(2)

• In CC2000 continuous data recordings, 
synchronized with process monitoring system 
(OPIS), identify exact file with the event, and 
analyse with fine resolution in time and 
frequency, as required, as on a tape recording



Diagnostics using OPIS 
and CC2000(3)



Heater resonance waterfall



Sonograph after heater 
resonance 



Accelerated vibration playback
with CC 2000

• Used to study complex transient vibration 
patterns developing over several hours, in a 
few minutes

• (Live examples shown, for compressor
VSD excitation and instability induced via 
power grid due to load increase



Diagnostics conclusion:

• The cause of trips was vibration with 
combined lateral-torsional natural frequency

• Excitation and negative damping comes 
mainly via power grid

• Main forces come from large compressor 
VSDs and thyristor controlled heaters

• Bearings, support structure, mesh and thrust 
collar condition have secondary influence



Calculation models

• Torsional-lateral calculations not specified 
by API, codes are not easily available

• Code developed by Colding Consult, based 
on mathematical analysis published by J. 
W. Lund (deceased) "Critical Speeds,
Stability and Response of a Geared Train of
Rotors", Journal of Mechanical Design, 
Trans. ASME, Vol. 100, No.3, July

• 1978, pp.535-535.



Torsional-lateral mode shapes

• model includes
gear, bearing and
foundation effects. 



Influence of load

• Bearing damping 
less efficient with 
load, the bearings 
become too stiff 
to act as dampers

• In somecases 
stiffer coupling 
helps….



Influence of load
• But some machines 

with stiffer 
couplings showed 
poorer damping 
results.

• Here, torsional and 
lateral dynamics 
de-couple, leaving 
only torsional 
damping
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Damping at high load (measured)
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Damping at low load (measured)
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Modified bearing design?

• Various bearing modifications proposed 
by gear supplier were investigated

• The results showed only small damping 
effects, and high sensitivity to clearance

• Risk of unwanted side effects
• Conclusion: bearing design changes are 

not an effective way to solve the 
problem



Bearing and coupling 
modifications



Support modifications?

• A softer 
support 
can 
actually 
make the 
system 
more 
unstable



Support damping

• Damping in the support structure is a
possibility, but has not yet been investigated
in detail



Torsional damper?

• A torsional damper will be very effective 
since the motion is mainly torsional.

• But such a damper has not yet been 
designed for generator trains at this speed 
and power

• Conclusion: An effective solution but it 
would require major design and testing 
work before installation



Load direction

• Gears with both vertical and horizontal
offset have been investigated

• No qualitative difference in stability and 
damping of excitation from the power grid



Mesh adjustment and condition

• The coupling equations were adjusted to 
simulate tight mesh (teeth not free to move 
in radial direction

• This produced instability in some 
calculations, most pronounced under low 
load



Mesh not likely cause

• Requires 
very large
mesh 
adjustment 
error

• Mainly 
low loads

• Not likely 
cause



Input to electrical simulation

• Colding torsional-lateral model results used 
to construct mechanical system input to 
major electrical simulation model by 
SINTEF.

• The results confirm the instability found at 
one installation only, and the stabilising 
effects of stiffer coupling



Electrical-Mechanical
Simulation Results

• Confirm stable but lightly damped system if 
more than one generator on grid, or thyristor 
controlled load is below a certain level, with 
original coupling design

• Instability with one generator on grid and 
large thyristor load with original coupling

• Stable, but lightly damped system with new 
coupling design 



Simulation results(2)

• Even with new coupling design, the system 
will experience very high vibration in 
resonance conditions with thyristor 
controlled loads (compressor VSDs at 
certain speeds, heaters at certain loads)

• To avoid high vibration completely, further 
modifications are needed, or operation in 
resonance must be avoided



Problem Solving

• The quick fix:
• A stiffer coupling (And it works, too!)
• Possible long term solutions:
• Torsional damper, or electrical 

modifications to reduce excitation and 
negative damping from power grid



Stiffer coupling

• Limitations: coupling is a quill shaft inside 
a hollow shaft, så internal diameter is a 
limitation

• Quill shaft must be laterally flexible to 
accomodate load and misalignment

• Torsional natural frequency must avoid 
running speed, 25 Hz



Instrumentation adjustments

• Accelerometer produces high frequency 
signal during short periods of torsional high
oscillations, possibly noise from thrust 
collars and mesh

• Trip from these signals is unwanted
• Solution: only trip from proximity probes, 

keep accelerometer for diagnostics purposes 
only



Experience with solution

• Before:
• Trips and blackouts at power higher than 10 

MW, total, even with two generators on 
grid, at the worst installation

• After modifications: No instabilities, even
with 15 MW on one generator alone, but 
still high vibrations due to resonance. No 
vibration trips reported yet



Further improvements on 
existing installations

• Avoid resonance conditions (operational 
restrictions)

• Investigate torsional damper, support 
damping



Prevention at future 
installations

• Avoid large VSDs and other thyristor 
controlled loads on island grids

• Re-design VSDs and heaters to avoid 
excitation and negative damping

• Introduce electrical dampers in power grid
• Develop a generator with high torsional 

damping



Tools for future problem 
solving

• Data recording systems with Internet 
Interface, allow accurate remote vibration 
analysis as with a tape recorder and 
narrow band signal analyzer, from 
specialist´s office computer. 

• Verification of geared drive trains 
mechanical damping by full torsional-
lateral calculations during design stage





Design for better damping of 
torsional-lateral vibration

Relative damping comparison to Visund
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