Good vibrations at PARR-

When Pinstech had to upg'ré:de the reactor coolant system at PARR-1 in Pakistan, the primary pumps
were checked by vibrational analysis. How did the technique perform and how were the pumps
adjusted to run satisfactorily after initial results showed that their vibration levels were too high?

a swimming pool type reactor - was
originally designed to wuse high
enriched fuel (90% U-235) and operate at 5
MWt. Its core has been redesigned to oper-
ate with low enriched fuel (20% U-235) at 10

MWt. During the conversion and upgrad-

Pakistan Research Reactor-1 (PARR-1) -

ing of the reactor, major changes were made

to the cooling system, including installation
of a new primary pump, and addition of a
heat exchanger and a cooling tower.
Vibration analyses were carried out to check
that the cooling system components had
been installed properly and to investigate
any operational abnormalities.
Anaccelerometer signal was used to mea-
sure vibration at various locations on two
primary pumps, PW-P1 and PW-P2. The
roct mean square (rms) value of the vibra-
tion signal (g) was converted into velocity
(mm/s) and displacement (mm) for com-
parison with a standard vibration criterion
chart for rotating and reciprocating machin-
ery to determine the operating condition of
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the pumps. The power spectral density
(PSD) or frequency spectrum of the
accelerometer signal was arialysed to identi-
fy particular faults such as unbalance, mis-
alignment and bearing instability

conditions in the two pumps. General prin-
ciples of vibrational analysis are given in the
panel on p42. .
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MAKING MEASUREMENTS

A piezoelectric accelerometer was used to
measure vibration at various monitoring
points on the primary pumps, PW-P1 and
PW-P2. It was attached to a heavy-duty
magnetic base placed at the pump in-board
and out-board bearing housing, and the
motor front and end bearing casing. After
conditioning, the vibration signal from the
accelerometer was analysed with a PC-
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based vibration spectrum analyser (see pho-
tograph) and the power spectral densities
(PSDs) or frequency spectra were plotted.
The diagram on p41 shows the monitoring
locations on the primary pumps. Pump and
measuring equipment details are given in
Tables 1 and 2 above.

The principal results from the vibration
analyses were the measured PSDs.
Preliminary investigation was made by
measuring the root mean square (rms) of
the vibration signal from the accelerometer.
The rms values converted into velocity and
displacement (Table 3) were compared with
the vibration criteria given for medium
machines on the VDI 2056 chart, which
revealed that the operating condition of
both pumps was “not permissible”. The rea-
sons for their excessive vibration were fur-
ther investigated by carrying out a
frequency analysis of the vibration signal.
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durability and usefulness of the machine in ser

INTERPRETING
THE DATA

The frequency spec-
tra of the first run
carried out on

shown  opposite.
The spectra in the
frequency ranges of
0-100 Hz and 0-500
Hz show distinct
resonances at 24, 48,
72 and 96 Hz etc,
representing  the
rotational frequen-
cy of the motor and its second, third and
fourth harmonics (N, 2N, 3N, 4N etc). The’
spectra in the frequency range 0-1000 Hz
measured at the pump show impeller vane
harmonics 6N, 12N, 18N and 24N in addi-
tion. These indicate that the pump is unbal-

e ey T

anced and misaligned, resulting in a

Table 3. RMS

pump PW-P1 are

constant centrifugal thrust on the impeller
vanes.

The spectra of PW-P1 were compared
with those measured on PW-P2, which.are
shown opposite. The spectra from the first
run on PW-P2 within the frequency range 0-
500 Hz contains a single resonance at N (24
Hz) and harmonics of the impeller vanes. It
is evident that pump PW-P2 was also unbal-
anced, but the cause of unbalance may not
be misalignment.

FINDING THE CAUSES

Physical inspection of both pumps was car-
ried out and revealed that the pump and the
motor coupling of PW-P1 were misaligned.
The misalignment had badly affected the
Wood flexible coupling.

The unbalanced condition of PW-P2 was
found to be due to baseplate bolts which
needed tightening. :

Repairs were made and further vibration

f vibration signals from the pumps
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measurements on the two pumps carried
out. Measurements made on PW-P2 after
repair are shown above right. It can be seen
that the peak at 24 Hz diminished and only
the hydrodynamic forces acting on the
impeller vanes were represented by the har-
monics of 6N etc. The rms value measured
on PW-P2 indicated that pump vibration
had reached the “just tolerable range”.

Spectra recorded after repair of PW-P1
demonstrated that the misalignment of
pump and motor coupling had reduced to a
greater extent, the system was balanced and
the magnitude of ‘the vibration level had
also decreased to within the “just tolerable”
region.

The reasons for the levels of vibration still
being too high in both pumps, even after
corrective actions, were possibly bearing
instability in PW-P1 and svstem excitation
in general, )

DETECTING BEARING INSTABILITY

Further vibration spectra for PW-P1 were
measured. It was believed that the unbal-
anced and misaligned condition of the
pump generated bearing noise because the
magnitude of the vibration level at the
motor front bearing and the pump in-board
bearing was 40% higher than that at the
motor end-bearing and pump out-board
bearing. The spectra measured indicated
the vibrational behaviour of the bearings

- January 1996

after alignment of the motor and pump cou-
pling shaft. They indicated that proper
alignment of the system had considerably
reduced the vibration level of pump in-
board and out-board bearing and to some
extent that of motor front-bearing.
However, the general behaviour of the sys-
tem was still not satisfactory because of the
high level of vibration.

Further investigations were made by
measuring the temperature of the motor
front-bearing casing. The temperature rose
more than 100°C after just two hours of
operation. Close examination of all the fre-
quency spectra measured revealed very
high frequency components around 2-3
kHz. This indicated a complex system

Primary
circulating
pumps

behaviour coupled to the multiple pipe
structure, its supports and valves.

The position of the orifice at the outlet of
check valves 9A and 9B is near to the com-
mon header of the two pumps (diagram
below). At maximum flow rate, the high
pressure water jet from the orifice strikes the
common header, resulting in high vibration
feedback to the pumping system, causing
stresses on the bearings and adding vibra-
tion noise to the system frequency spec-
trum. It was therefore decided to replace the
motor front bearing and to remove the ori-
fice from check valve No 9A and install it at
a position beyond check valve 8A. These
changes reduced the vibration level of the
pump effectively and minimised the load
stress on the bearings, as shown in Table 3
(run No 3). The frequency spectrum again
demonstrated the absence of high magni-
tude N, 2N and 3N, indicating that PW-P1 is
properly aligned and that the dynamic
forces which were acting on the vanes (6\,
12N and 24N) have been reduced to the
“allowable” criterion. To conclude, the
working condition of both pumps, based on
the vibration criteria had become “allow-
able,” so the work was complete. i
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