
6    uptime megazine • 02/08

Bearing	problems	on	instrument	air		
compressor	at	LNG	Plant

The instrument air compressor 

serves a critical role in an LNG 

plant as well as in other indus-

tries. It provides clean, dry air 

that is used in a range of con-

trol and shutdown valves. 

In this case story a bearing 

fault was detected and 

diagnosed while 

the compressor 

was still under 

warranty.

 T  here are three instrument air 
compressors per train at the 

LNG plant. 

The 3-stage oil-free centrifugal com-
pressor is driven by a 90 kW mo-
tor though a gearbox and uses tilting 
pad journal bearings. 

The units were relatively new and 
still under warranty at the time of this 
case story.
 
Monitoring Strategy

All the instrument air compressors at 
the LNG plant are instrumented both 
for safety and condition monitoring. 

The following measurements are 
monitored for safety monitoring:
n Axial thrust – DC displacement
n First and third stage impeller bear-

ings - Overall bandpass measure-
ments from the radial displace-
ment sensor (10-5k Hz, RMS P-P, 
mm)

The safety monitoring system has du-
plicate sensors and monitoring mod-
ules for redundancy. 

There are a number of condition 
monitoring measurements that are 
monitored for the entire compressor 
train. Those that are monitored from 
the displacement sensors of the first 
and third stage impeller bearings in-

clude the following:

n DC measurement for shaft posi-
tion

n 1/2 magnitude for bearing stability 
monitoring (RMS P-P, mm)

n First order vector (magnitude and 
phase, RMS P-P, mm)

n 2nd, 3rd and 4th order magnitude 
(RMS P-P, mm)

n 6% constant percentage band-
width spectrum, (CPB, 16.3-
1.03kHz, RMS, mm)

n FFT spectrum (500Hz span, P-P, 
mm)

n Dual time function (orbit)

Because of limited access there is no 
displacement sensor on the second 
stage impeller bearing. Instead, an 
accelerometer is used on the casing 
of the impeller. The measurements 
from this sensor are similar to those 
monitored by displacement sensors 
on the first and third stage impeller 
bearings.

Observations

The bandpass vibration level on the 
inboard bearing of the first stage im-
peller had exceed the alert alarm lim-
its, so special attention was given to 
monitor its progression. As seen in 
Fig. 2 the vibration trend had been in-
creasing steadily for about one year. 
After a few months the vibration level 
subsided again but after two            t

Instrument Air Compressor

Date put in service April 2005

Power 90 kW

Flow capacity 200 Tonnes/day

Outlet pressure 10 bar

Speed 50 Hz



Figure 1. Sensor configuration of the 
instrument air compressor. There are 
also a number of imported process 
parameters from this machine train 
not shown here (these include suc-
tion and discharge pressure and 
temperature, and motor current). The 
bearing where high vibrations were 
detected is shown in red.
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years since the upward trend first 
started, the vibration level exceed-
ed the alert alarm limits once again. 
It was decided to shut down the ma-
chine to investigate the problem.

After a quick investigation nothing 
was found that required immediate 
attention so the compressor was put 
back into service. The vibration levels 
remained above the alert alarm limits 
so a series of tests were done by the 
customer to try and identify the prob-
lem (e.g. changing the lubrication). 
They were not able to reduce the vi-
bration levels, so Brüel & Kjær Vibro 
was asked to look into it and evalu-
ate the problem. As the vibration lev-
els were increasing towards danger 
alarm limits, the machine was shut 
down                                               . t

Figure 2. The bandpass vibration lev-
el (black) from the inboard bearing 
of the first stage impeller. The DC vi-
bration displacement (purple) shows 
shaft position, (an offset change was 
made at the end of 2006).
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Diagnostic Analysis

One of the first observations in the 
spectrum plot shown in Fig. 3 was 
that the third order harmonic of the 
running speed from the inboard bear-
ing of the first stage impeller start-
ed to increase more than two years 
before the shutdown. The band-
pass vibration level increased for a 
while, decreased, and then increased 
again. This could be the result of a 
bearing fault that initally smoothed it-

self out for a while and then the fault 
re-developed again. The DC vibration 
displacement shown in Fig. 2 shows 
a relatively linear change in shaft po-
sition over the course of three years. 
This indicates gradual wear of the 
bearing. 

Because the compressor was still un-
der warranty, the manufacturer was 
contacted to investigate the bearing 
deterioration.

Root Cause Analysis

The manufacturer has determined 
that the fretting on the first stage 
bearing (Fig. 4) was due to poor 
bonding of the bearing surface as a 
result of a manufacturing defect. This 
evaluation is based on the fact that 
the high vibration levels had already 
started an upward trend not long af-
ter commissioning. 

The scratched bearing surface for the 
second stage impeller (Fig. 5) was 
most likey due to to foreign object 
that entered the bearing during com-
missioning. The burnt oil on the bear-
ing surface from the 3rd stage impel-
ler (Fig. 6) was most likey due to car-
ry-over water ingress.                      t

 

Figure 3. The 3rd order harmonic 
dominates the vibration response in 
this spectrum plot (FFT). The 460 Hz 
signal component from a gearbox 
pinion remains unchanged, thus pre-
cluding the possibility of a fault with 
this portion of the gearbox (higher 
frequencies not shown in this plot).

Figure 4. Fretting on the first stage 
impeller bearing, presumedly caused 
by a manufacturing defect.
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Figure 6 . Burnt oil on the  
third stage impeller bearing

 

Figure 5. Scratch on the second 
stage impeller bearing

After Repair

The manufacturer replaced all the 
bearings and the intercooler drain 
lines were checked for proper drain-
ing of water to avoid carry-over. The 
inlet air filter was also thoroughly in-
spected for damage and openings.
Fig. 7 shows a spectrum plot (con-
stant percentage bandwidth meas-
urement of 6% centre frequency) 
where the third order harmonic for 
the most part disappears.

 

Figure 7. The 3rd order harmon-
ic disappears from the spectrum 
(cpb6%) after the bearings are re-
placed

Conclusion

Brüel & Kjær Vibro’s COMPASS sys-
tem successfully detected a fault at 
an early stage of development while 
the compressor was still under war-
ranty. The monitoring system played 
a vital role here since four harmonics 
are individually monitored. The vibra-
tion response of different machine 
faults manifests itself with different 
harmonics, and in this case it was 
the third harmonic that gave the ear-
liest indication of a bearing fault. The 
fault was slow to develop, so long 
term trend capability was necessary 
to follow its progression.

Diagnostic assistance provided by 
Brüel & Kjær Vibro was able to deter-
mine that it was a bearing fault. The 
compressor manufacturer was con-
tacted, and by looking at the vibration 
data during their root cause analy-
sis, they were able to determine that 
one bearing was failing prematurely 
due to a manufacturing fault. There-
fore all bearings were replaced while 
the compressor was still under war-
ranty. n




