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Abstract- A two pole circulating water pump motor vibrations under coupled run were extremely high. Normally, the 
problems with such motors are that of dynamic unbalance, resonance, misalignment or poor foundation. But the motor under 
study was found to be free from all these problems. The motor has been performing well for over 800 hours but was lying 
idle for few weeks prior to taking this run. The solo run of motor exhibited comparatively low vibrations but multiple 
frequencies of rotational speed were observed. Thus thorough investigations were made to establish the cause of this typical 
behavior. Phase measurement technique was applied and rotor bent was ruled out. The problem was ultimately traced to poor 
bearing condition, which was then improved. However after coupling with the cooling pump again, vibrations were 
increased. This was controlled by in situ balancing and the problem was resolved. This paper presents the description of the 
entire diagnosis process and test results obtained at each stage of analysis with major findings. The analysis can be used for 
diagnosis of the causes responsible for the vibration problems of any large motor. 
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I. INTRODUCTION 
 
Circulating water pumps are one of the important 
machineries in a thermal power plant. A.C. motors 
are usually coupled to drive these pumps. The 
machine under investigation is an 1130 kW, 3000 
RPM, two pole motor. After the commissioning of 
this motor at plant, it has run without much vibration 
for more than 800 hours. Due to plant shut down, 
there-after, it remained idle for few weeks. When the 
plant was ready to operate again, the CWP motor was 
run for testing. The machine was coupled and the 
vibrations under this condition were observed to be 
extremely high. NDE Bearing vibrations in horizontal 
direction were 96 microns p-p against acceptable 
value of 25 microns p-p as per BS 4999 Part 142. At 
such an alarming level it was not possible to continue 
running the machine and it was stopped for in-depth 
investigations.  
 
The tests were first performed on the motor under 
decoupled condition. Vibration amplitudes were 
found to be low but the presence of higher 
frequencies along-with once per revolution frequency 
was observed. Investigations were made to study the 
probability of rotor bent. For this purpose a special 
test known as phase measurement technique or phase 
analysis was carried out. The results indicated good 
condition of rotor and no presence of bent. Now, 
there was no option left other than opening the 
bearings for inspection. The condition of bearings 
should be almost perfect after operation of merely 
800 hours. However, in this particular case, the 
condition was not satisfactory. Both the DE and NDE 
bearings were examined critically and deviations 
from ideal conditions were recorded. Necessary 
rectifications were carried out to improve the 
condition of bearings. The assembly was then made 

and the machine was run. The amplitude of vibration 
was found to be in acceptable zone. 
 
The motor was then run with a half coupling and 
increased vibrations were noticed, which could be 
reduced by in-situ balancing. The motor then 
operated satisfactorily under coupled as well as load 
conditions.  
 
II. PROBABLE CAUSES OF LARGE 
AMPLITUDE OF VIBRATIONS: 
 
A large motor is basically an assembly of several 
components. The stator consists of a frame, winding 
and core. The rotor shaft, spider and pole body are all 
built as an integral steel forging. There are bearings 
on both, the drive end and the non drive end sides of 
the rotor to support the static and dynamic loads. The 
cooling fans are fitted on both sides. A cooler is also 
mounted for providing proper cooling to motor. Then, 
there is foundation over which the motor is mounted. 
Thus, it can be observed that a motor consists of 
rotating as well as static components. Rotor 
vibrations are transmitted to support bearings, static 
components and the foundation or the base frame. 
Often, three types of forces are responsible for 
vibrations, viz. mechanical, electrical or aero 
dynamic. Mechanical forces can cause static or 
dynamic unbalance, loosening of components, 
misalignment between bearings or couplings, bent 
shaft or poor rigidity of shaft. Large bearing 
clearances can cause oil leakage, along-with high 
vibrations. Wear and tear of bearing liner, improper 
viscosity of lubricant can result in excessive bearing 
clearances. Resonance of any component, static or 
rotating, will show very high vibrations. Condition of 
negative damping can give rise to self excited 
vibrations increasing with respect to time. 
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The electrical forces are generated most commonly 
by non uniform air gap between rotor and stator. The 
unbalance magnetic pull is created which causes the 
machine to vibrate with large amplitudes. Any defect 
in stator or rotor winding also generates unbalanced 
magnetic forces and result in vibrations. Other 
conditions viz. unequal phase currents etc. can also 
cause the machine to vibrate excessively. 
 
In case of motors, aerodynamic forces also play a 
vital role. Fans are mounted on both sides of the 
motor for cooling purpose. If the natural frequency of 
blade is in the vicinity of the blade passing frequency, 
condition of resonance is created and can result in 
large vibrations. 
 
To summarize, a motor can experience vibration 
problems due to reasons listed below: 

a) Mechanical unbalance of rotating parts. 
b) Looseness of components or excessive 

bearing clearances. 
c) Parallel, angular or combined misalignment 

between bearings or between couplings. 
d) Build up of resonance condition for static or 

rotating components. 
e) Electrical unbalance. 
f) Unbalance magnetic pull. 
g) Aerodynamic forces. 

 
III. INVESTIGATION OF THE PROBLEM: 
 
3.1 Testing Under Decoupled Condition: 
The motor was decoupled from the CWP pump to 
verify as whether the motor is having the problem or 
the pump is transferring vibrations. There was 
significant reduction in vibrations. However 1X, 2X, 
3X and 4X components of running speed frequency 
were observed, although the corresponding 
amplitudes were low. These frequencies may occur 
due to several factors viz. looseness in rotor, bent in 
rotor, bearing problem, coupling unbalance or 
coupling misalignment. If these frequencies are not 
controlled, there remains a possibility for growth of a 
major fault.  
 
3.2 Testing for bent rotor:  
For studying the effect of rotor condition, the phase 
measurements were taken at 4 places, 90-degrees 
apart on both the bearings. Phase angles were 
measured in axial direction on the Top, at the Bottom, 
in Left Hand Side (LHS) and in Right Hand Side 
(RHS) of bearing. The observed readings rule out the 
existence of bent in rotor as the phase angles of DE 
and NDE sides are almost same.  

 

 
Fig. 1: Spectrum before Making Improvements: Decoupled 

Condition 
 
3.3 Bearing Inspection: 
Both the bearings were opened for taking the 
diagnosis further. Following observations were made: 

 The bearing pads and journal had signs of 
corrosion.  

 Minor dents, scratches and dust could be 
seen on bearing pads and also on the journal. 

 Rubber gaskets were found between housing 
and brackets in place of cork sheet. 

 Bearing clearances were non-uniform. 
 
These observations reveal that although rotor bent is 
not there, the poor bearing condition and non uniform 
bearing clearances are causing the higher 
components.  
 

 
Fig. 2: Locations on Bearings for Phase Measurements 

 
3.4 Corrective Measures: 
      Following corrective measures were taken: 

 Polishing of journal and bearing pads was 
done for getting rid of the signs of corrosion. 

 Scrapping of pads was done to remove dents 
and scratches. 

 Rubber gaskets were replaced by cork sheet. 
  Tightening of foundation bolts was 

improved for controlling 2XRPM 
component. 
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 Bearing pads were reset and bearing 
clearances made uniform in line with the 
design. 

 
3.5 Further Investigations: 
The machine was assembled and run once again. 
Initially, it was run under uncoupled condition. 
Observations were taken and it was observed that 
vibrations have come down to permissible limits. 
Also, 2X, 3X and 4X components vanished 
completely. This proved that poor bearing condition 
and enlarged clearances are the cause for higher 
components of vibration.  
The motor was then run with half coupling. The 
vibration level was 135 microns p-p. But, only 1X 
component was present. If other faults are not 
present, 1X component can be reduced by balancing. 
Therefore balancing was tried. Since the vibrations 
had increased only due to addition of half coupling, it 
was a clear indication of unbalance left in coupling. 
This was compensated by in-situ balancing by 
placing correction weights on coupling and vibration 
level was reduced to 14 microns p-p. 

3.6 Testing of motor coupled with pump: 
The motor was now coupled with circulating water 
pump. The machine was run and load was increased 
gradually. Vibration levels were satisfactory under all 
operating conditions.  
 
IV. RESULTS AND ANALYSIS 
 
a) The machine was run in decoupled condition, 

initially. Vibration spectrum was recorded and 
1X, 2X, 3X and 4X components were observed. 
Refer Fig. 1 for spectrum.  

b) Phase measurement in axial direction was 
conducted on DE and NDE bearings to find out 
whether there is rotor bent. Refer Fig. 2 for 
locations. The transducer on NDE side was 
placed at 1800 from the location of DE side due 
to constraint in the motor geometry. As such a 
correction of 1800 is applied on the observed 
readings. Readings for phase angles are 
presented in Table 1.  

 

 
Table 1: Observations for Phase Angle Measurements 

 
 

The observed phase angles are graphically presented in Fig 3. There is practically no appreciable 
difference in phase angles for both the bearings at selected locations. Rotor bent is, therefore, ruled out. 
 

 
Fig 3: Phase Angles on DE and NDE Bearings 

 
c) Spectrum was again obtained after 

improvement in looseness and bearing 
condition. Higher components vanished 
completely. Refer Fig. 4. 

 

 

 
Fig. 4: Vibration Spectrum after Improvements in Assembly 

          
After rectification, the machine was run with half 
coupling (Condition 1). Balancing was tried and 1X 
component reduced (Condition 2). Ultimately, the 
machine was coupled with Cooling Water Pump 
(Condition 3) and vibrations monitored.  Refer Table 
2, Fig 5 and 6 for results. 
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Table 2: Observed Vibration Levels on 1130 kW 
Motor 

 
      

 
Fig 5: DE Bearing Vibrations 

 

 
Fig 6: NDE Bearing Vibrations 

 
CONCLUSION 
 
Following conclusions are drawn based on the 
investigations carried out: 

a) Even when the overall vibrations are within 
acceptable limits but higher order 
frequencies are present, it indicates some 
problem under development. As such the 

actions taken in this study should be taken 
for future safe running. 

b) When 1X, 2X, 3X and higher order 
frequencies are present, investigations 
regarding looseness, rotor bent and bearing 
condition should be made. Once the actual 
problem is identified and corrected, the 
higher components will vanish. 

c) In case overall vibrations remain high, it 
shall be due to 1X component. Reduce it by 
balancing. 

d) If the vibration increases after doing 
coupling, it shows a problem with the 
coupling or with the coupled machine effect. 
In such a case, first, the coupling fault 
should be corrected before making 
corrections on the coupled machine.      
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