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• In 1999 a plant decided to upgrade a unit.  The boiler and 

turbine could be uprated, but a new pump was required. 

 

• The original gear coupling also needed to be upgraded, so the 

engineering firm chose a spacer-style disc coupling 

 

• Thermal growth numbers were provided by the turbine and 

pump manufacturers.  The resultant axial movement at the 

coupling was 0.302” of compression (0.250” for the turbine 

and 0.052” for the pump). 

 

• Misalignment of the components caused the coupling to run 

near its maximum angular condition. 

 

History 



Drive system 



Piping Issues 

Turbine Pump 

Exhaust Discharge 



• The flexible disk coupling on this drive system had been failing 

after an average of 9-12 months 

  

• Bearing temperatures had been running hotter than desired, 

particularly on the inboard end of the steam turbine. 

 

• Both the coupling and the inboard bearing of the turbine would 

require replacement at every annual outage. 

 

• A tremendous amount of static piping strain was being imposed 

on the pump, so much so that one attempt to alter its position 

took seven days to complete. 

Reason for alignment survey 



• Running misalignment was suspected to be the 

cause and one theory suggested that the pump piping 

was thermally expanding, forcing the misalignment 

condition. 

 

• Another theory suggested that the foundation was 

not stable enough and had deteriorated to the point 

where it might have to be replaced. 

Theories 



Shaft movement in the vertical direction 

The turbine manufacturer listed the vertical growth at 0.013” 

 

The pump manufacturer listed the vertical growth at 0.016” 



















Shaft movement in the lateral direction 

The turbine manufacturer predicted no lateral growth 

 

The pump manufacturer predicted no lateral growth 



















Shaft and casing movement 

in the axial direction 





• The axial thermal growth of the shafts is only 0.031” in 

compression rather than 0.302” as originally thought 

 

• Actual movements of the shafts were far larger than 

anticipated by the equipment manufacturers 

 

• Max Misalignment at the coupling was 4.3 mils per inch in the 

vertical direction.  This equates to about 43 mils over the 10 

inch DBSE 

 

Survey Findings 



Coupling Changes 



• The original coupling was a typical disc coupling in a spacer 

style arrangement.   

 

• Disc coupling had a recommended angular limit of 0.1 

degrees with a maximum of 0.3 degrees. 

 

• The distance between shaft ends is only 10 inches.  This 

leaves only 5.7 inches between disc coupling hinge points 

 

• Misalignment of the components caused the coupling to 

continually run near its maximum angular condition. 

 

Existing Coupling Info 



• Plant engineers looked for a coupling with a higher misalignment 

capability and lower spring rates to eliminate the high forces on 

the bearings. 

 

• CCA offered a coupling with very low spring rates and angular 

misalignments of 0.5 degrees. 

New Coupling Design 

• The new coupling was designed 

to maximize the distance between 

hinges by moving the flexible 

elements back on the shafts – 

aka close-coupled arrangement.  

New distance between hinges 

was 22 inches – about 4 times 

larger than the original. 

 



New Coupling Design 

Coupling uses 

flexible struts which 

work like spokes in 

a bicycle wheel 

This allows for very 

low spring rates and 

large angular 

deflections without 

high stresses 



• New coupling was installed in 2005 with no failures since. 

 

• The revised axial growth numbers as found in the survey 

allowed for the coupling to be installed without any pre-stretch 

 

• The misalignment between machines was not able to be 

corrected, so the coupling runs with a continuous 

misalignment.  In recent years the plant has improved the 

misalignment a bit more. 

 

• The close-coupled design caused some minor oil loss from 

the bearings due to the coupling being closer to the bearing 

housings.  This was solved by adding windage plates to the 

ends of the coupling to reduce the disruption of the air. 

 

 

 

Results 



Additional Data 



Turbine vibration spectral plots 



Pump vibration spectral plots 



View from above 



Elevation sighting positions 



Scale target positions for bearing elevations 

outboard (north) 

turbine bearing 
inboard (south) 

turbine bearing 

inboard (north) 

pump bearing 

outboard (south) 

pump bearing 



Scale targets for lateral bearing positions 

inboard (north) 

pump bearing 

outboard (south) 

pump bearing 



outboard (north) 

turbine bearing 
inboard (south) 

turbine bearing 

inboard (north) 

pump bearing 
outboard (south) 

pump bearing 

Scale targets for axial casing positions 



Observing the shaft positions 

backside of turbine coupling hub 

backside of pump coupling hub 

as observed through a window cut in 

the coupling guard 

view from Jig 

Transit 


