Operating Guidelines On Vibration Limits
For Large T.G. Sets

INTRODUCTION

The health of large Steam and Gas turbine machinery is usually assessed by measured
values of vibration amplitude, relative expansions, operating steam and metal tempera-
tures, pressures and vacuum during startup, transient condition, loading and load chang-
ing. These parameters are considered to be the best and true representative of dynamic
behavior of turbine machinery. Therefore, it is necessary to menitor their trend and try to
keep them within predetermined values which are prescribed by the designers or manu-
facturers. However, most of the machinesare running very clase to or slightly higher than
the recommended values but within the zone of just satisfactory and tolerable limits. Such
behaviouris experienced even after overhauling/ recommissioning after certain operation
hours in machine life cycle. As it is imperature to run the machine to its optimum capacity -
under the prevailing environmental condition, it is desirable to formulate operating
guidelines for running the machine upto the next overhaul. Determining when the machine
vibration is excessive and warrants shutdown for repairs can be one of the most difficult
tasks facing the vibration analyst and operation engineers. There is no “magic” or absolute

vibration tclerance to signify imminent faiiure. Trend monitering is practised to assess the
machine health. * | :

Efforts have been made to bring out Operatin
present “codes and practices” followed by the d
safe permissible/tclerable limits of bearing and s
on experiences and intemational standards su
2372 for evaluating machine health. These guidelines will help in establishing operation
and maintenance decisions such as machine shut down or further operation for limited
period, under surveiliance, without causing damage to the machine or sacrificing its
performance. .

g Guidelines on Vibration' Limits for the
esigner, manufacturers and users for the -
hattvibration for turbine machinery based
ch as VDI-2058, 2053, BS 4675 and ISO

tC”Jn(e ;)f the standard charts used for évaluating the vibration limit tolerances is given in
fig (1 : =N



The followir{g plots of the vibration parameters are given in this figure:

i) Displacement in amplitude pk-pk in mlcrons

ii) Velocity amplitude in mm/sec pk and also in RMS

iii) Acceleratlon.amphtude peakin g.

-~

All of them verses the frequency range of 0 to 3800 revolution per minute. The standard
chart was prepared in the assumption that the concend vibration is of the sine form. ,

The standards charts should be used as follows :

AA. For machinery of rotating speed below 1194 revolution per minute allowable
displacement border should be applied (For velocity criteria in this low range will
allow such exceeding displacements that low-revolution per minute machines will
deteriorate rapidly)- Criteria based on international standards and our experience.

-

BB. For machinery of rotating speed higherthan 1194 and upto 3800 revolution per
minute allowable velocity borders should be applied-criteria based on international

standard provided by VDI, ISO, BS and our experience.

CC. The following dynamic state definitions were stated and accepted.

VERY GOOD - new machines, just installed.

GOOD - desired to be achieved aftermath overhaul.
FAIR - acceptable after-math overhaul.

USABLE - normal operation.

STILLACCEPTABLE - lmprovem‘ent recommended, operational restrictions (rated output,
temperature etc.) recommended, operation up to fortnight period for typical machines.

JUST TOLERABLE - Fast improvement recommended, normal operation forbidden up to
one day allowance. Any next start-up (for balancing, diagnostic purposes) is only possuble

provided a proper vibration monitoring is organised. X
NOT PERMISSIBLE - Authonses to shutdown-immediately. Any start trials are strictly
prohibited unless the state of bearings,-bearing pedestals, shaft journals shaft-line and
rotors is checked. -



USE OF CHART

\ 5 s
The example given here illustrates the various uses of standard c.han.as showp in Fig. :(
(inwhich X-axis represents machine r.p.m.andY - axis represents vnbr.atlon velocilty in Plea
orrms.) The diagonal lines show vibration displacement in Pk-Pk. while accerlation values
are shown by dotted lines.

|
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\ Suppose a machine which is running at 1500 rpm and its vibration levels recorded as 80
microns Pk-Pk and 8mm/sec Pk. Now to know whether the machine is in acceptable
wibration limits or not, draw a vertical line at 1500 rpm which intersects diagnonal
diaplacement line at point “A” of 80 microns. In this case inter-section point “A” is found to
fall in usable zone which indicate that machine vibration is within the acceptable limits.
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DATUM MEASUREMENTS DURING RETURN-TO-SERVICE
FROM MAJOR OUTAGES

-

Under certain circumstances it may be considered necessary to take datum measurements
on plant during return-to-service, while the plant is still reaching its working temperatures.
The existence of this data will enable detailed comparisons to be made between the new
vibration response and that from a previous return-to-service. A detailed knowledge of any
changes in response will often enable a precise diagnosis to be made swiftly on the basis
of changes to the build state and known defects. ”

) Vibration measurements should be taken during the run-up to speed, during an
: overspeed test and when unit is synchronized.

i) - Vibration should: be logged during the loading pattern. This“may be carried out
continuously or intermittently, depending on the anticipated progress in loading.

It is extremely useful to have readings of overall levels (1/rev, 2/rev magnitude and
phase) at ‘no load’, approximately 75 per cent and 100 per cent stabilized full load.
If there is clear evidence of a generator ‘thermal’ effect, then additional interim load

measurements should be advised.

iii) In addition, it may be considered beneficial to arrange for a hot run-down from full
speed to approximately 300 rev/min and measure the vibration signatures through-
outthisrange, atthe earliest opportunity following a return-to-service and prior to the
first natural ‘hot-run-down’. The analysis of this reading then forms the as-built ‘hot
run-down’ datum. Alternatively a warm (or cold) run-down could be obtained for
base load plant, during the return-to-service. ’

In considering such datum measurements it is worth recognising the complex nature of the
vibration response of rigidly coupled multi-rotor machines. The vibrations depend not only
on residual defects in the mechanical build of the machine, but also.on factors controlling
its operation, e.g. steam conditions, electrical generation, and bearing oil supply conditions.
in all cases, the vibration response is determined both by the dynamic exciting forces
presentand by the machine’s response to these forces. The excitation forces that can arise
from defects in the mechanical build including those due to residual unbalance and lack of
straightness of individual rotors, together with any bends which result when the rotors are



|

\
§ | . .
coupled. The response to these excitation forces is considerably influenced by the

" dynamics of the journal bearings and depends on the bearing loadings which are a function
of bearing alighment. The process of electrically loading the machine induces ‘thermal’

— - changes which modify both the dynamic excitation forces and the machine’s response to
these forces. The excitation forces are modified because of thermally induced bending of
rotors (in particular the generator rotor). Relative movements of bearings during operation
result in bearing load changes which, in turn, modify the response to a given unbalance.



