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Reciprocating internal combustion engine driven
alternating current generating sets —

Part|9:

Measurement and evaluation of mechanical vibrations

1 Scope

This paft of 1SO 8528 describes a procedure for
measurifg and evaluating the external mechanical vi-
bration hehaviour of generating sets at the measuring
points sfated in that International Standard.

It applies to RIC engine driven AC generating sets for
fixed andl mobile installations with rigid and/or resilient
mountings. It is applicable for land and marine “use,
excluding generating sets used on aircraft. ar,those
used to propel land vehicles and locomotiyes:

For some specific applications (essential hospital
supplies| high rise buildings, etc,).'supplementary re-
quiremehts may be necessary. The provisions of this
part of 15O 8528 should be regarded as a basis.

For gengrating sets drivendy other reciprocating-type
prime novers (e.g. séwage gas engines, steam en-
gines), the provisiong~of this part of ISO 8528 should
be regarded as_a\basis.

2 Normative references

ISO 2041:1990, Vibration and shock — ocabulary.

ISO 5348:1987, Mechanical vibration gnd shock —
Mechanical mounting of accelerometers.

[SO 8528-5:1993, Reciprocating internal combustion
engine driven alternating current genefating sets —
Part 5: Generating sets.

IEC 34-7:1992, Rotating electrical | machines —
Part 7: Classification of types of constructions and
mounting arrangements (IM Code).

3 Definitions

For the purposes of this part of ISO 8628, the defi-
nitions given in ISO 2041 and the following definition

apply.

3.1 vibration severity: A generic term that desig-
nates a value or set of values, such ag a maximum
value, average value or rms value, or other parameter
that is descriptive of the vibration.

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 8528. At the time of publication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 8528 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

NOTES
1 It may refer to instantaneous values or average values.

2 1SO 2041 includes two notes in the definition. These
notes do not apply in this part of ISO 8528.

4 Symbols and abbreviations

For the purposes of this part of ISO 8528 the follow-
ing symbols apply.
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a Acceleration

Peak value of acceleration

Q>

© ISO

5.2 If special requirements from regulations of any
other authority, e.g. inspecting and/or legislative
authorities, have to be met, the authority shall be
stated by the customer prior to placing the order.

(M

f Frequency

s Displacement Any further additional requirements shall be subject
to agreement between the manufacturer and cus-

5 Peak value of displacement tomer.

t Time
6 Measured values

1% Vefoctty

. Acceleration, velocity and displacement arevfyleasured

v Pepk value of velocity variables for the vibrations (see clause_ (0)-

X Ax|al co-ordinate In the general case of any vibration @ver timg interval

) t; to t,, the rms velocity is given by
y Trgnsverse co-ordinate
z Veftical co-ordinate
) Vims =
1) Anpular velocity

The following|subscripts are used in conjunction with
the vibration quantities v, s and a.

rms Value of vibration quantity

X Mgasured value of vibration quantity in the
axipl direction

y Measured value of vibration quantity in the
trapsverse direction

z Megasured value of vibration quantity inthe
veftical direction

1,2 ..n Progressive values
The following|abbreviation is used.

IMB Type or constructionvand mounting ar-
rarlgement of geéenérators according to
IEC 34-7

5 Regulations and additional

In the particular_€ase of sinusoidal vibration [the rms
velocity is givenpy

7z

ithe vibration characteristics are analysed and if for
angular frequencies w,, w,, .... ®, the vibration vel-
ocities ¥y, vy, ..., v, are available, then the fpllowing
relationships can be used to determine the fms vel-
ocity:

A
S |4

(2

A
=4
T w

A2 A2 A2
\/V1 +vy+ .ty

Vims = )
\/ 2
2 2 2
Vims = \/Vrms1 + Vims2 + ...t Vimsn s (4)
NOTE 3  For acceleration and displacement rms values

are calculated in the same manner.

7 Measuring devices

requirements

5.1 For a.c. generating sets used on board ships
and offshore installations which have to comply with
rules of a classification society, the additional require-
ments of the classification society shall be observed.
The classification society shall be stated by the cus-
tomer prior to placing the order.

For a.c. generating sets in unclassed equipment, such
additional requirements are in each case subject to
agreement between the manufacturer and customer.

The measuring system shall provide the rms values
of displacement, velocity and acceleration with an ac-
curacy of + 10 % over the range 10 Hz to 1 000 Hz
and an accuracy of ') % over the range 2 Hz to
10 Hz. These values may be obtained from a single
sensor whose signal is either integrated or differen-
tiated, depending on the outcome of the measuring
device, to derive the quantities not directly measured,
provided the accuracy of the measuring system is not
adversely affected.

NOTE 4 The accuracy of measurement is also affected
by the method of connection between the transducer and
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the object being measured. Both the frequency response
and the measured vibration are affected by the method of
attaching the transducer. It is especially important to main-
tain good attachment between the transducer and the point
on the generating set being measured when vibration levels
are high.

Refer to ISO 5348 for guidance on the mounting of ac-
celerometers.

8 Location of measuring points and

[ S PR

direction-of-measurementis

ISO 8528-9:1995(E)

apply as appropriate for other types of design. If
points in the ;cﬁéée main directions, defined by x, y and
Z.

Figure 1 shows the approximate positions of the
measuring points which have to be located on the
solid engine block and on solid areas of the generator
frame in order to avoid measuring local structural vi-
brations.

I Avr~Aarian~s var it atrmatlar ~AnAr ~ anta koo ahAvars
1L CANCIICIICT VVILLL OILTHIg] LIC WL DT LSO 11dS SI11VUVVII

Figure 1| shows the recommended points of vibration
measurgment in generating sets. The specifications

a) Gererating set driven By a vertical in-line engine
with flapge housing «oupled generator with integral
bearingp.

Key

o
at which points the maximum vibration severity is to
be expected, not all the points giverVin|figure 1 need
necessarily be measured.

b) Generating set driven by a vertical jin-line engine
and a generator with pedestal bearings

1,2 Front end top edge and back end top edge
3,4 Front and rear end of engine base

5 6 Generator main bearing housing

7,8 Generator base

'

NOTE — The vertical in-line engine shown is given as an example only. Measuring points 1 to 4 are applicable as appropriate

for other types of engine, e.g. V-engines, horizontal engines.

Figure 1 — Arrangement of measuring points
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9 Operating conditions during
measurement

The measurements shall be taken with the generating
set at its operating temperature and rated frequency,
at both zero power and rated power. If the rated
power of the generating set is not attainable, it should
be tested at the maximum power that can be at-

tained.

10 Evalua

The main exci
self are found
when conside

tlion-of-results

© ISO

Experience has shown that with a standard design of
generating set structure and components, damage
would not be expected if vibration levels remain be-
low value 1.

If the vibration levels fall between values 1 and 2, as-
sessment of the generating set structure and com-
ponents may be required along with an agreement
between the generating set manufacturer and the
component supplier in order to ensure reliable oper-
ation.

ation frequencies of the RIC engine it-
in the range 2 Hz to 300 Hz. However,
ing the overall generating set structure

and componeits, a range of 2 Hz to 1 000 Hz is re-

quired to evall

ate the vibration.

Additional tes{ing may be necessary to ensure that

no local stru
measurement

Assessment g
made by refer
ues of vibrati
ation. These

evaluating the

ctural resonances contribute to the

result.

f the potential effects of vibration are
ence to table C.1 which gives rms val-
n displacement, velocity and acceler-
alues can be used as guidelines for
measured vibration levels.

In some cases vibration levels can be above|value 2
but only if individual special designs of gererdting set
structure and components are applied:

In all cases the generating set manufacturer femains
responsible for the compatibility “with each ¢ther of
the generating set components (see
SO 8528-5:1993, 15.10)

11 Test report

The indicatedimeasurement results shall inclide the
main data_of:the generating set and the mgasuring
equipmentUsed. These data are to be recordgd using
annex b
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Annex A
(informative)

Typical generating set configurations

There are a number of possibilities for the assembly of a reciprocating internal combustion engine and a generator.
Figures[A.TT0 A.0 ShOW examples of typica configurations.

LI T T PTT1

Z

Figure A.1 — Engine -and generator rigidly mounted

HNdEEEEE

2> 2 2> 2> 2> > > > D>

Figure'A.2 — Engine resiliently mounted, generator rigidly mounted, flexible coupling

2 2 2> 2> 2> O 2 2> 2> 2> > 2>

s

Figure A.3 — Engine and generator rigidly mounted on resiliently mounted base frame
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Figure A.4 — Engine resiliently mounted, generator rigidly mounted on resiliently mountedbase

Figure A.

Fi

flexible coupling

Yyvy
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YYvy
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> 2> > > > > > > 2>

Z

[T T

2> > > > > > > > 2>

Z

gure A.6.— Assembly with flange housing and resilient mounting of the engine

frame,

b — Assembly with flange housing and resilient mounting on the engine and generator
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Annex B
(informative)

Remarks on the assessment of vibrations of the generating set

It has been found that generators operating in gener-
ating sets suffer higher values of vibration severity

Neither do the determined values of vibration severity

allow us to make a statement of the

torsional and

compar

Typical

masses
associat
siderabl
give ris
frame.

than thg
largely |
erating
the life

bd with those running independently.

features of RIC engines are the oscillating
torque fluctuation and pulsating forces in the
ed pipe-work. All these features exert con-
5 alternating forces on the main supports and
5 to high vibration amplitudes on the main
[he vibration amplitudes are generally higher
se for rotating machinery, but since they are
nfluenced by the design features of the gen-
sets, they tend to remain more constant over
of the RIC engine than they do for rotating

machingry.

The vib
ISO 857
the vibr
general

ation values determined by using this part of
8 allow us to make a general statement on
htional behaviour of the generating set and a
assessment of the running behaviour and the

vibrationy interactions of the total set. However, the

determi
a stater
moving

hed vibration values do not allow us to ‘myake
nent on the mechanical stresses of Afixed or
parts of the generating sets.

linear vibrational behaviour of the shaft

Even if accurate assessment of, mech
in the generating set by using-yibration
is not possible, experience.has show
bration level above which important pa
erating set are mechanically damag
vibration stress is_usually significantly h
level which is aecépted as “usual” frg
with similar generating sets.

system.

nical stresses
measurement
n that the vi-
rts of the gen-
ed by undue
igher than the
m experience

Howeverifthe above “usual” ranges
damage/ to additional attachments a

are exceeded,
d connecting

partscof the generating set, as well a$ to governing
andsmonitoring devices, etc., may occuf.

The sensitivity of these components dejpends on their

design and how they are mounted. Th
dividual cases, it may be difficult to a
even when the assessment value lies

s, in some in-
void problems
in the “usual”

range. Such problems have to be rectified by specific

“local measures” on the generating se
ination of mounted component resonar

t (e.g. by elim-
ces).
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Annex C
(informative)

Vibration values
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Table C.1 — Rms values for vibration velocity, displacement and acceleration of RIC engine driven AC

generating sets (see clause 10)
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Examples for limiting curves for sinusoidal vibrations
Curve a: Example RIC engine (see table C.1), v,,,s = 45 mm/s

Curve b: Example generator (see table C.1), v,,s = 20 mm/s

Figure C.1 — Relationship between vibration velocity and vibration frequency

1
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Annex D
(informative)

Measuring report

D.1 General data

Company resppnsible for the measurement: Customer/User:
Report No.: Place of measurement:
Date: Operator:

Data of the RIC engine and generator to be measured

RIC engine Generator
Manufacturer
Type
Manufacturing| No.
Declared or rafed power L L. kwe,r ] kV-A cos ¢ = ...}
Declared or rajed speed ) 4 .9
...... min e MIN I o V4

Declared or rafed frequency
Construction design O In-lineengine O IMB201 O IMB 520

O V-engine O IMB16 O Otherq; ......

o mwmMB3 )

Number of Cylinders: ...... Bearings: ......
Operating sysfem O Two-stroke O Synchronous

O Four-stroke O Asynchronous
Coupling arrangement O Flexible plate coupling

O Direct coupling

O Elastic coupling
1) Abbreviation for type of construction and mounting of generators according to IEC 34-7, code I.

D.2 Data of configuration

Foundation drawing

Company responsible: ..o,

12
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