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Introduction 
 

A Vibration Analysis was requested, by a National Maintenance Company, on a 30 MW 
Turbo-Generator set at a Waste to Energy Plant, due to vibration trips on the generator. 

 
 
Equipment 
 
The following equipment was used to carry out this analysis: 
 
SKF Micrologs:   CMVA60.  Serial No 602995 
   CMVA55 Serial No 553492 
Accelerometers:   Number: 1 Serial No 001 
   Number: 2 Serial No 2584 
 
Sony Vaio Notebook Computer Serial NoVT03 
SKF Prism4 Vibration Analysis Software. 
 
Analysts 
Mr A Analyst 
Mr B Analyst 
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Fig. 1. Gen. NDE Horiz 

 
 

Fig. 2. Gen. NDE Vert 

 
 

Fig. 3. Gen. NDE Axial 

 
 

Fig. 4. Turb. HP End Horiz 

 
 

Fig. 5. Turb. Exh End Horiz 
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Preface  
 
At the request of a National Maintenance 
Company, a Vibration Analysis Survey was 
carried out on the 30MW Generator Set at a 
waste to energy plant. The survey was to 
investigate the cause of generator trips initiated 
by the on line vibration monitoring system 
sensing the vibration on the Generator Non 
Drive End Bearing exceeding the set limitation. 
 
Note: 
 
All quoted velocity amplitudes are mm/s 
RMS. 
 
 
Monday 04th December 
 
After arrival on site, the required induction and 
familiarisation procedures were completed.  
 
The Generator was running at 28MW load and 
the plan was to take an initial set of datum 
readings then shut down the unit and allow it to 
cool overnight to enable vibration phase angle 
markers to be attached.  
 
Initial readings showed the following: 
 
Generator NDE: (Fig’s. 1: 2: & 3:) 
The generator 1st order radial amplitudes were 
3.97 Horiz. and 4.1 Vert. with significant 
harmonics. Of particular note was the 2.39 2nd

order in the vertical plane. 
The axial also had a significant 1st order of 6.88 
with a 2nd order of 3.18. 
 
 
However, the Steam Turbine also showed 
significant amplitudes in the Horizontal Plane at 
its 1st order (See Fig’s 3 & 4). Of particular 
concern was the 6.17 mm/s on the Exhaust 
end. 
 
 
A second set of data was taken after a further 
30 minutes running and similar results 
obtained. 
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Fig. 6. Gen NDE Overall Amplitude v Time Trend 

 
 
 
 

Fig. 7 Gen NDE Horiz. Waterfall Plot  

 
 
 
 

Fig. 8 Gen NDE Vertical Waterfall Plot 

 
 
 
 

Fig. 9 Gen NDE Axial Waterfall Plot 
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Tuesday 05th December. 
 
 
Generator set was started and loaded up in 
steps with amplitude and phase readings being 
taken in the Horizontal Plane on the Generator 
Drive and Non Drive Ends and a full set of VA 
data coincidentally being taken on the whole 
unit. 
 
 
 
 
 
Generator Horizontal amplitudes gradually 
increased relatively equally at the DE and NDE 
(See Fig. 6) in line with generator loading. 
Majority of the vibration was occurring at the 
Generator 1st Order (See Fig. 7) with the phase 
readings approximately 180° out of phase. This 
was indicative of a degree of couple 
unbalance. What was also noticeable during 
the day was the vibration phase angle was 
slowly rotating (NDE approx. 130° for first set 
of readings at 09:30 to 204° for final set at 
15:30).   
 
 
 
 
 
 
 
 
 
Of equal concern was the relatively high 
Generator 2nd Order, or possible 1 x Line 
Frequency, vibration occurring in the vertical 
plane (See Fig. 8) at the Generator NDE. Also 
the high Generator 1st & 2nd Order vibration 
occurring in the Axial Plane (See Fig. 9) at the 
Generator NDE. 
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Fig. 10 Turb. HP End Horiz Waterfall Plot 

 
 
 

Fig. 11 Turb. Exh. End Horiz Waterfall Plot 
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Tuesday 05th December.  (Cont.) 
 
 
 
 
 
 
 
The coincidental VA readings on the Gen Set   
showed the high Turbine 1st Order vibration
was consistently present (See Fig’s. 10 & 11) 
and of an amplitude at the Exh End to cause 
concern. Scrutiny of the available data 
indicated a possible problem with the Turbine 
to Gearbox coupling or the Exh End Bearing. 
Site management was appraised of the 
situation and the decision taken to shut down 
the unit to inspect the coupling and also call in 
a Turbine manufacturers representative for 
consultation. 
 
 
 
Gent Set was shut down and cooled back over 
night. 
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Table 1. 
06-12-2006:      21:20hrs. 

 Overall 1st Order 2nd Order 
Turb. HP End 3.8 3.8 @ 004°  0.1 @ 260° 

    
Turb. Exh End 3.9 3.9 @ 225° 0.5 @ 008° 

Load: 10MW.    Power Factor 0.97 
 
 

Table 2. 
06-12-2006:      21:40hrs. 

 Overall 1st Order 2nd Order 
Turb. HP End 3.7 3.5 @ 000°  0.1 @ n/a 

    
Turb. Exh End 4.3 4.1 @ 221° 0.9 @ 029° 

Load: 08MW.    Power Factor 0.96 
 

Fig. 12 Turb. Exh. End Horiz Spectrum 

 
26-12-2006        21:22hrs. 

 
 

Fig. 13. Gen NDE Horiz Spectrum 

 
26-12-2006        21:30hrs. 
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Wednesday 06th December. 
 
Day was spent on consultation and inspection. 
The Turbine manufacturers (Weirs) 
representative agreed the measured turbine 
vibration levels were excessive and required 
urgent investigation. 
 
Coupling guard was removed and a visual 
inspection undertaken as far as practicable 
with no defects apparent. A full inspection of 
the coupling would require the removal of the 
Turbine Exhaust End bearing cap. This is an 
extensive operation and it was not acceptable 
to undertake at this time. 
 
Acoustic cladding was removed to allow easier 
/ better access to vibration pick up points and 
phase tape affixed to the Turbine shaft. 
 
 
Generator set was restarted and amplitude / 
phase data (See Tables 1 & 2) and a set of VA 
readings (See Figs. 12 & 13) obtained. Set was 
then left overnight to thermally stabilise. 
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Fig. 14 Generator Load 

 
 

Fig. 15 Generator Power Factor 

 
 

Fig. 16 Turb Exh End Horiz Trend 

 
 

Fig. 17 Gen NDE Horiz Trend 
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Thursday 07th December. 
 
Day was spent trialing the Turbine at varying 
combinations of generator load (See Figs. 14 & 
15), lubricating oil temperature (reduced from 
normal operating 42° to approx. 25°) and 
generator cooling (Generator Temperature 
reduced from 82° - 84° range to 66° - 68°
range) and measuring the effects on the 
vibration levels.  
 
 
The overhung configuration of the Generator 
Exciter was considered to be a contributing 
factor to the high Vertical and Axial vibration 
levels at the NDE. A hydraulic jack and packing 
was utilised to just nip up under the exciter 
plinth while monitoring a live vibration signal. 
As soon as the ‘nip’ came on there was an 
approx 1 mm/s reduction in the measured 1st

and 2nd Order Generator vibration. This is 
considered to be indicative of either a 
misalignment between the generator and 
exciter, possible bend in the exciter support 
plinth or structural weakness of the generator 
end plating.  
 
 
An attempt was going to be made to reduce the 
Generator NDE vibration by balancing out the 
couple previously diagnosed. However, due to 
the excessive vibration noted on the turbine, 
the difficulty experienced in restarting the 
turbine after recent planned and unplanned 
shut downs and the variable results of the 
trials, plant management decided this was not 
in their best interests.   
 
 A further set of vibration data was collected 
Friday morning after set had chance to stabilise 
and levels were similar to original readings 
(See Figs 16 & 17).  
 
It is recommended that the seismic (casing) 
vibration levels on this unit are checked weekly 
to monitor the trends and identify any 
deterioration.   (Turbine on line monitoring 
system checks relative vibration) 

Set S/D to 
attempt tape 
attachment. 


