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Case History: Nuclear Power Plant
Boiler Feed Pump

A newly constructed European nuclear power plant had all of its
main feed pumps exhibiting vibration on the bearing housings
in excess of the vibration specifications, by up to a factor of
three, depending upon operating load. Nearly all of the
vibration was at vane passing frequency. It was believed by the
plant and the OEM that a shaft critical speed was at fault,
possibly aided by excess vane/ volute “B-gap” hydraulic forces
which could only be reduced by giving up about half a point of
efficiency, worth about 1 million dollars per year in increased
operational costs and lost peak production opportunity. Testing
showed that the rotor natural frequencies were nearly critically
damped at all operating conditions, and were not the problem.
B-gap forces were able to be “backed out” of the vibration
signal once the rotor’s transfer function was determined by
TAP™ impact modal testing, and were found to be in an
acceptable range.
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Vibration Test of Outboard Bearing Housing BEFORE Modification
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Vibration Test of Outboard Bearing Housing AFTER Modification



Instead of rotor critical speed or excess hydraulic load, testing proved that a
complicated bearing housing resonance was the culprit. The mode shape
movement involved combined horizontal bending and twisting of the
housing through the 180 degree “drip pocket” that connected it to the casing.
Its frequency shifted down during operation because of mass-loading of the
housing by the shaft assembly when operation caused the bearing film to
become stiff, which is why the OEM had not discovered the problem by
stationary impact testing, as opposed to MSI’s TAP™ testing, which can be
performed while the pump is operating. The bearing housing natural
frequency was also confirmed by a finite element analysis on the bearing
housing that included the “drip pocket” attached to the pump body. A bolt-
on “bridge” was designed to span the top of the drip pocket, such that the
torsional part of the motion was discouraged, shifting the natural frequency
out of the range of the vane pass frequency. Peak vibration dropped to
within specification, and this problem was removed as an obstacle to the
plant commissioning, which was only several weeks away. A delay in plant
commissioning would have cost about $1/2 million per day.
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Finite Element Model Bearing Housing Torsional Mode
Outboard Bearing Housing
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