3.1 WP

Proceedings of The Institute of Acoustics

VIBRATION LIMITS - the present codes & future
changes

R.A.Collanott
UX Maghanical Health Monitoring Group / Condition
Monitoring Assocolation

Vibration signals derived from machinsry may be deteoted, measured and
adequately related to their sourcee as a result of ploneering work carrisd out
in the U.K. and plsewhare. Signatures from new and freshly ocomnlssioned
machines may ba used aa base data againat which deviations resulting from
service 1life may be compared. The characteristics of different deterioration
podes have been established sush that the techniques for thelr identlflcation
and monitoring may be suitably seleoted{1,2}. Put scant attention has yet been
giving to the limiting conditions - the amount of vibration that 1s permissible
and if exceeded can lead to disastrous conaequences.

Vibration codes and etandards do exist. There origin is sopewhat obsoura
with evidence that they relate to qualitative mssessments based on the operation
of plant and machinery 40 or more years ago; at a time when there was a large
measure of over-dsalgn end understreasing, not at all comparable with modern
operating conditiona. Reliance on such codes 1s all that is available to the
uninitiated operating. engineer so that shut-down decisions may be reached on
the baeis of oodes which are somewhat gquestionable.

Cash oan be lost, businesses ruined, persons maimed end killed if the wrong
decislons are taken.

Shut-downs on the alightest pretext end production, profits and cash lost.
Ruin faces businessaes whioch lose too much profit; ruin faoes those which have
horrifio exploeions am a consequence of delayed action. Safety 1s at risk if
the right action is not taken in good time. But what fine judgment defines
'the right time'?

For the pilot of A multi-million pound airoraft with vibration alarma aet
at irresponsible levels there is 1little freedom of sotion - but the wrong alarm
petting may mean falsity or disaster. Por the manager of a pumping etation it
may merely mean the etarting up of another pump if vibratlon levels seem high.
But for the process panager who hag a major machine with high vibration levela
the deciaion of whether and when to shut-down can be very critioal.

But who cares?

Certainly the atuldy of limiting vibration levels is not likely to interest
the manufeoturers of monitoring equipment or alarm systema. It 1s most unlikely
to appeal to plant manufasturera who are not even intereated in the
incorporation of monitoring systems in thelr basle designs.

The evaluation of good and proper vibration limits 1s a solentific atudy
of the failure oharacteristiss singulsr to each type of machine. It is of
value to plant operators and their insurers. From auch organisations pome
measura of guidance should be forthooming., Is 1t?
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¥ibration Threoshold lLevelsa.

Credit for the first syatematio attempt to deterwine limiting permimsible
vibration levela 1s generally attributed to T.C.Rathhone {3) when in 1939 as
Chief Engineer, Turbine and Machinery Division, Pidelity & Casuslty Co. New York
he used the subjective opinions of verious engineers to grade machines aocording
to whether they ware rough or smooth-running. Hot only was this appraisal
aub jective and related to relatively slow-running land-based machinery with
sturdy foundations but by comparison with modern instrumentation the measurements
were sompwhat orude.

Ten yaars later, H.G.Tates produced oriteria in a similar manner from a
series of measurementa on marine geared turbine installations (4). Comparison
of these limits sgainat those recommended by Rathbone were obacured by the
differences in overall flexibility, mountings for the marine unite in-gitu and
an-voyage belng very different from those for land-based installations.

Domham and Woods (5) undertook a study of the operational limits msscoiated
with pariodic checks for machinery at Shell Chemioale(UK) Limited and compared
this with other oriteria such as that of Rathbone and Yates. The resulta were
in effesct to modify the Rathbone oriteria extended to the higher spseds of
modern machinery but es later indicated by Downham {6) such charts ere capable
of demonatrable correlstien to human disoomfort thresholds and are mot truly
indicative of pomponent failure limits (7)(B)(9).

Vibration Codea.

Standards end codos which have been iesusd ap providing an indloation of
the acceptability of the quality of vibrations inolude:

VDI 2056 ; BS 4675.1971 ; ISO 2372 ; IS0 2373 : IS0 3945

That suoh oriteris are suspect is inferrsd by the range of 'individual' standards
whioh - in addition to thoee mentioned by Downham for Shell ~ inoclude a nide
range of diagnostio engineers and plant operators. It would be interssting to
know what evidenos was used as the basls for the ourrent standards.

Thue in the preparation of the IRD 'gensral machinery vibration severity
chart' it is understood that Nicholle (10} employed the influence of machine
tools on the quality of finlah in the manufactured parts as a basis for the
paverity threshold. Yet these are good end praoctioal charts most suitable for
the prujent plant operator.

Rationalisation of the Rathbone oriteria by Maten (11) led to the limits
reconmended in Table 1.

In Australia, RAay Beebe (12} recommends the use of slightly different values
ag set cut in Table 2.

Engine malfunotion vibration levela for GMC Allison 501 Diesel engines (1)
indicste a maximum of almost 1in/s vibrational velooity at all speeds whioh is
rather higher than that oonsidersd moceptable for industrinl machinery. But
again, there 1s an sbsonoe of information for a derinitive basis.
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TARLE ) VELUCITY STAHDARIS .
Direcily measured
maximam yeloclly  Classifeution . Severily maling
Uufs) (mmfs) , .
=05 >127 AA Eatrenwely rough; dangeraua; shut down .
0303 161217 A Yery rough; correct within few wecks;
check muanitor Necguenly
0203 §i-16 1] Rough; comect {0 save wour os $00n o4
. pussible
0,101 3-5-¢ C Fuir; minor fault; unctonomicnl tocormct
<01 <23 D Siwoth: well-bulanced: well-alipnd

TABLE 2 VINRATION | BHTS, TLHANTS (STUCF FOUNDATIONS)

ool Allwable Just lohrable  Uusativfoctor::

RMS vrlucily (mmfs) < <45 <112 =112
50 Hz only displacenwnt
peak-ho-peak {pn) <16 =40 . >H0 > 106
< [0 11z max. .
disphyeement () <80 <200 < 500 . 5500

Trends.

Vibration limits detormined by definitive quantities tend to ignore the
fact that changes have cocurred in both the geometry and dymamics of the machine
syatem during the course of ita life, involving redistribution of energies and
accordingly progresaive changing tremds in the various vibration levels of each
component .

For the Canadlen Navy, Glew and Watson {13) reported aa far back as 1968
that the mean level of a signatura component was & stralght line with & positive
plope for 75% of 1its 1ife ; at the onset of oritioal fallure the slope increased
exponentially. How useful it would be if component manufacturers when oarrying
out 1ife tests were to offer vibration monitoring measurements to provide a
further basis for life monitoring (14.).

Trends should not necessarily be measured only for the fundamental freguency,
experiments by the author (15) to identify the onset of fatigue fallure indiocated
that the second overtone ( 3 x fundamental) waa the most eensitive failure
indicator.

Specificationa and Litigation.

It 4a an interesting refleation of the author's ploneer work end the
increaaing ewareness of quality control/consumer entitlement that vibration
limits are being speoified in contracts - and enforced.

A aituation was presented to the author in whioh en enterprising engineer
obtained permission to establish & vibration monitoring unit in a new plant which
incorporated a 25 MW gan turbine inatellation. While taking base-line signatures
he found the rotors to have vibration levels of 0.45 in/a against speoified
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velues of 0.25 in/s. Despite vonsiderable presaurs to agoept this rotor the
variation from contractual stipulations was enforced and at least one rotor of
value £ 0.25M was diemantled, returned to the manufaoturer and a new

(and nonaptahla] replacoment supplied - all at conglderable coat to the
menufacturer by way of dismantling, transport, new rotor building and delay
penaltiea. The purchaser lest by not having the facility avallable on time.

The defined vibration limits may bave been proper. Or they may not. At any
rate there 13 now one major menufacturer to whom vibration 1imits has a hard

meaning.

Limit Setting -~ A Proposed Teohnologiocal Approach.

The foregoing information hag been gubmitted to demonstrate the argument
that such 1imits as do exist are fixed on somewhat arbitrery - but prectical -
grounds which it is suggested can be mare properly sppralsed by exiating
tochnioal methods. It is submitted that:

1) the limits differ macording to the identity of the oritica) component
whioh is subjeot to failure

2) the limits depend upon the failure mode for that eomponent or system of
somponents

3) existing teohniques of stress analysis and fraoture mechanies can be
satisfactorily adapted to psrform theee caloulations and eatablish these
1imits.

Thus there is a difference between the oriterion for a rotor shaft wiping plain
bearings and one which causing fatigue in rolling elemsnt besrings {indeed the
designere of the SPM monitoring systemes have established thelr own special
oriteria for such bearings = although, again, the basis of these oriteria ara
not revealled). There is a difference between the eriteria for a oracked rotor
and a oracked struotural support - both have orack growths related to the oyclio
atressing but one has greater oonseguantial effeots than the other.

Conolusion

#ith inoressing use being made of vibration monitoring toohniques the time
1s now opportune for an improvement in deoislon data. This will be needed &g
new machinery shews signa of failure] in many instances enlightened managements
have only recently introduced monitoring to nem machines, hence the urgency for
such improved date has not become spparent; however, for specification purposes
at least, for purposes of litigatien also, definite technically-determined
information is already a matter of prime importance.
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Genern)l machinery vibration severity chart

1

Averaga velooity- i, -

Accelaration - g

Displacement s D
*
»
A |
0o 1000
Frequency - Hx
0r
Velocity » 201
13 " "
01 1, g
| oa 1000
Frequency - Hr
1o
L3
Accalerstion s 0-05t) 04
c 1 L ']
00 100
Froquency . He

154

F g 2.

GMC Allison S01 vibration oriterin based
on destruction tests.



