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Design of Stiffeners
for Reducing Resonant Vibration of Large Vertical Pumps
and Its Performance Verification
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ABSTRACT

This case study presents a practical method to reduce resonant vibration of large vertical pumps.
The pumps are driven at 400 rpm rated speed by induction motor. The vibration was not sig-
nificantly large when operated at this rated speed. Large vibration was occurred when the pump was
operated below the rated speed for flow control. Due to the large vibration resonance, variable speed
operation of the pump was not possible for several months at worst cases. To find an efficient vi-
bration control method, the flexural responses of pumps for both normal and transient operations
were measured. The measured modal characteristics were compared with those of finite element
analysis. When the pump was operated at a specific rpm, the natural mode whose resonance fre-
quency is twice the rotating angular speed induced the large vibration. The retrofit utilizing stiffeners
to reduce this resonant vibration were performed. Effects of designed stiffeners on reducing vibration

were validated through tests after actual installation.
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Fig.1 An outline drawing of motor and pump struc-
ture
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Fig. 3 Dependence of vibration amplitude(Y) of mo-

tor top casing on rotating speed(X) before

stiffener installation
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Table 1 Measured vibration value at motor case in

rms value

(rpm)

Rotating speed

345 rpm

mm/s /div

340
320

Fig. 4 Vibration orbit of motor top casing

Displacement
(1)

311

671

Velocity
(mm/s)

7.0

17.0

Machine
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Fig. 5 Transient vibration amplitude variation of mo-
tor top casing in ‘X’(top) and ‘Y’(bottom) di-
rection
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Fig. 7 Mode shape at first natural frequency
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Table 2 Comparison of measured natural frequency
to prediction
Measured | Predicted | Maximum error
(Hz) (Hz) (%)
‘X’-direction | 11.8~12.2Hz | 12.25Hz 3.8%

Fig. 8 Mode shape in Y direction(8.74 Hz)

Fig. 10 Modified machine using stiffeners
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Table 3 Variation of measured vibration character-
istics before and after the installation of

stiffeners
Before After
Machine | gl | Q21| oy |Freuency
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A 7.0 12.2 2.5 15.5
B 17.0 11.8 3.5 16.2
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Fig. 16 Dependence of vibration amplitude(Y) of mo-
tor top casing on rotating speed(X) after
stiffener installation
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Fig. 17 Stress analysis for the model after stiffener
installation
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