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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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consists of the following parts, under the general title Mechanical vibration — Evaluatio
pration by measurements on non-rotating parts:

General guidelines

Land-based steam turbines and generators in excess of 50 MW with normal operating speed
'min, 1800 r/min, 3000-r/min and 3600 r/min

Industrial machines with nominal power above 15 kW and nominal speeds between 120,
000 r/min when measured in situ

Gas turbine sets with fluid-film bearings

Madchine sets in hydraulic power generating and pumping plants
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Part 6:
Part 7:
Part 8:

Reciprocating machines with power ratings above 100 KW
Rotodynamic pumps for industrial applications, including measurements on rotating shafts

Reciprocating compressor systems

Part 21: Horizontal axis wind turbines with gearbox
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Introduction

ISO 10816-1 gives general guidelines for the evaluation of machine vibration by measurements on non-

rotating parts. This part of ISO 10816, however, establishes special procedures and guideli
measurement and classification of mechanical vibration of reciprocating compressors. In
refers to vibration of the main structure of the compressor, including the foundation, pulsatio

nes for the
general, it
n dampers,

and attached pipe system. The guidance values given for these vibrations are defined primarily to

classify the vibration and to avoid problems with auxiliary equipment mounted on these

structures.

Recommendations for measurements and evaluation criteria are provided in this part of ISO 10816.

Typilical features of reciprocating compressors are the oscillating masses, the cyclically varyi
cylinder stretch and the pulsating forces in the cylinders, pulsation dampers, and the pipe
these features cause alternating loads on the main supports and vibration of the compressor g
vibration values of reciprocating compressor systems are generally larger than for rgtating cd
but| since they are largely determined by the design features of the compressdr;they tend
more constant over the life of the system than for rotating machinery.

In ghe case of reciprocating compressor systems, the vibration measured on the main st
the|compressor (including the foundation, pulsation dampers and piping) and quantified a
thig part of ISO 10816 can only give a rough idea of the vibratory states of the components
machine itself.

damage, which can occur when exceeding the guidanceyvalues based on experience W

exchangers, filters, pumps), connecting elements of\the compressor with its periphera
pipelines) or monitoring instruments (e.g. pressure(gauges, thermometers). The questio
which vibration values damage is to be expected largely depends on the design of these ¢
and| their fastenings. In some cases, special meastirements on certain compressor system c
can|be required to ascertain that the vibrationwalues do not cause damage. It also happens

hg torques,
Eystem. All
ystem. The
mpressors
to remain

ructure of
rcording to
within the

ith similar

pressorsystems,issustained predominantlyby machine-mounted components (e.g.instrumentation,

parts (e.g.
h as above
bmponents
bmponents
that even if

megsured values are within the guidance values of this part of ISO 10816, problems can occiir owing to

thelgreat variety of components which canbe attached.

Locpl vibration problems as describéd,above can be, and have to be, rectified by specific “local
(e.gl by elimination of resonances): Experience has shown, however, that it is possible in the
cases to state measurable quantities characterizing the vibratory state and to give guidance
thege. This shows that the,measurable variables and the guidance values for acceptable
mogt cases permit a reliable-evaluation.

e measured vibratien values as given in this part of ISO 10816 do not exceed the guida
ormal wear ofinternal compressor components caused by vibration is unlikely to occur.

vibration Values of reciprocating compressor systems are not only affected by the pr

compressor itself but also to a large degree by the foundation. Since a reciprocating d

act as,a vibration generator, vibration isolation between the compressor and its founda

bssary. The vibration response of the foundation and the vibration from adjacent equ
considerable effect on the vibration of the compressor system

measures”
majority of

values for
ibration in

Ince values,

pperties of
ompressor
fion can be
pment can
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Mechanical vibration — Evaluation of machine vibration
by measurements on non-rotating parts —

Part 8:
Reciprocating compressor systems
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compressors outside the specified speed range but different evaluation criteria might be appropriate

The

lerocating compressor system, i.e. foundation, compressor, dampers, piping, and auxiliary

Scope

5 part of [SO 10816 establishes procedures and guidelines for the measurement.and clasg
lassify the vibration of the compressor system and to avoid fatigue prgblems with p

nted on the compressor system.

5 part of ISO 10816 applies to reciprocating compressors mountéd on rigid foundations W
itional speed ratings in the range 120 r/min up to and including1 800 r/min. The general

machine vibration does not adversely affect the equipment directly mounted on the m
bation dampers and the pipe system.

E The general guidelines presented in this partof ISO 10816 can also be applied to r¢

machinery driving the reciprocating compressor, however, is evaluated in accordang

ap

Driyers are not included in this part of ISO 10816.

It if recognized that the evaluation(criteria might only have limited application when cons

opriate part of ISO 10816 or other relevant standards and classification for the intg

ification of

hanical vibration of reciprocating compressor systems. The vibration valués are defined primarily

arts in the
equipment

hith typical
evaluation

eria which are presented relate to operational measuremeénts. The criteria are also usedl to ensure

hchine, e.g.

ciprocating
in this case.

e with the
nded duty.

dering the

effects of internal machine compohents, e.g. problems associated with valves, pistons, and piston rings

might be unlikely to be detected in the measurements. Identification of such problems g
investigative diagnostic techniques which are outside the scope of this part of ISO 10816.

Ex

ples of reciprocating/compressor systems covered by this part of ISO 10816 are
horizontal, vertical, V-, W-, and L-type compressor systems,
constant and-variable speed compressors,

compressors driven by electric motors, gas, and diesel engines, steam turbines, with o
gedrhbox, flexible or rigid coupling, and

an require

- without a

1 - h I S PR | . P
Uury Tulillilg dIIU TUpTILdiCU TTUIPTOLUAUITTE CULITPTESS0UTLS.

This part of ISO 10816 does not apply to hyper compressors.

The guidelines are not intended for condition monitoring purposes. Noise is also outside the scope of
this part of ISO 10816.

2

Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.
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ISO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2041 and the following apply.

31

compressor system

machinery system comprising foundation, compressor (crankcase, crosshead guide, cylinders), pulsation
dampers, and piping

3.2

overall vibration value
single nunjeric representation of a feature or aggregate of features derived from a raw gr ptocegsed
time waveform or frequency spectrum of a vibration signal and often accompanied by descriptive fext
or indicatofrs to specify methods used in its derivation

Note 1 to enftry: The overall vibration value is measured in the frequency range from 2 Hz'to1 000 Hz.

3.3

corner frequency
frequency [used to convert the vibration displacement to vibration velocity and vibration velocity to
vibration afcceleration for a sinusoidal signal

Note 1 to enftry: The corner frequencies are 10 Hz and 200 Hz, respectively.

34
vendor
manufactufrer or manufacturer’s agent who supplies the-compressor system

3.5
purchaser
agency that issues the order and specification to‘the vendor

4 Measurements

4.1 Measurement procedure

The primary measurementguantity shall be overall root-mean-square (r.m.s) vibration velocity in mi/s.

If frequengies below the-Corner frequency of 10 Hz are expected or observed, it is recommended

displacemgnt in migrometres where 1 pm = 10-3 mm).

If frequengies ‘above the corner frequency of 200 Hz are expected or observed, it is recommenjded
additional i ' ion i 2 (it is sti
recommended, to display acceleration in units of g where g = 9,81 m/s2).

NOTE The relationship between displacement, velocity, and acceleration is given in B.1.

Consequently, and in accordance with ISO 10816-1, acceptance criteria based on velocity take the general
form of Figures B.1 to B.10. These figures indicate the corner frequencies of 10 Hz and 200 Hz and show
that below and above these corner frequencies, the guidance vibration velocity is a function of vibration
frequency.

All values shall be within the values for acceptable overall vibration as summarized in 5.3.

Spectral data should be retrieved for each of the measured quantities if they exceed the vibration values
of evaluation zone boundary B/C as defined in 5.2 to aid in analysis and possible correction.

2 © ISO 2014 - All rights reserved
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Vibration acceleration values are often measured to carry out condition monitoring of internal
compressor components. However, this part of ISO 10816 is not intended to be applied for condition
monitoring purposes. For example, if the condition of the compressor valves is to be monitored, other
procedures and standards with different values can apply. The vibration acceleration values given in
this part of ISO 10816 should, therefore, only serve as a criterion to judge the overall integrity of the
compressor system and attached equipment, e.g. pressure and/or temperature transmitters and valve-
lifting devices. When the acceleration values given in this part of ISO 10816 are exceeded, this does
not, by definition, imply that corrective actions are required. The susceptibility of components to large
acceleration values (instruments, heavy components on small equipment nozzles, etc.), the presence of
audible noise or knocking sounds, or unusual or sudden changes of vibration values should then become

a (‘1'“4— afattantion and Coerb e Sl e
pointeotattention-and-turther-analysis:

5 as shown
Sor system

Fur
in H
par

thermore, it should be kept in mind that the measured acceleration values on location
igures 1 to 5 are not the values of the attached equipment but the values of the compres
[s (foundation, crankcase, cylinder, dampers, and piping) to which they are mounted.

4.2] Measuring instrumentation and measured quantities

Criteria for classifying vibration values for reciprocating compressor systems are specified {n Clause 5.
Itis|recognized that the main excitation frequencies for reciprocating:compressor systems arje generally
found inthe range 2 Hz to 300 Hz. However, when considering the complete compressor system, including
auxiiliary equipment that is a functional part of the compressotya typical range of 2 Hz to 1 000 Hz is
applied to characterize the overall vibration. For the purposes‘of this part of ISO 10816, the oferall r.m.s
vibration value shall represent vibration across the frequency range from 2 Hz to 1 000 Hz. [For special
purposes, a different range can be agreed between the vendor and purchaser.

Sin

maft
see

The
wit
ove
pro
intd
for

e the overall vibration signal usually containg{wany frequency components, there ig
hematical relationship between the r.m.s, peak, or peak-to-peak overall vibration mea
Annex D.

measuring system should provide thie) rrm.s values of displacement, velocity, and a
n an accuracy of £10 % over the range-10 Hz to 1 000 Hz and with an accuracy of +10 %
I the range 2 Hz to 10 Hz. These'values can be obtained from a single transducer who
ressed to derive the quantities.not directly measured, preferably an accelerometer whoq

no simple
Surements,

cceleration
and -20 %
be signal is
e output is

grated once for velocity and'twice for displacement. ISO 2954 gives requirements for i
measuring vibration sevefity. Guidelines on applying methods of signal processing and

struments
isplay, e.g.

tim
con

e and frequency domain,windowing, and averaging, are covered in ISO 13373-2 and [SO 18431-1 and
mon examples are givéen in ISO 18431-2.

Car
the
the

e should be takento ensure that any processing does not adversely affect the required accuracy of
measuring system. Both the frequency response and measured vibration values are affected by
method of'attachment of the transducers. It is especially important to maintain a good attachment

between thé transducer and the compressor when the vibration velocities and frequencigs are high.
[SO|5348-gives guidelines on the mounting of accelerometers.

NOTE The guidance vibration values are not applicable for ovalling shell modes of pulsation dampers and
large diameter pipe Systems.

4.3 Locations and direction of measurements

4.3.1 Locations

As a minimum, the vibration measurements shall be carried out on the locations shown in Figures 1 to
5 as follows:

— foundation: at all compressor frame bolt locations;

— frame (top): on each corner point and between all cylinders for a compressor with more than two
cylinders, all at the top of the frame;

© IS0 2014 - All rights reserved
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— cylinders (lateral and rod): at the rigid part of each cylinder cover flange;
— pulsation vessels: at the inlet and/or outlet pipeline flange and at the heads;

— piping: at all critical parts of the system, to be determined by inspection and in agreement with the
purchaser.

NOTE Accelerometersare often mounted on the crosshead guide for condition monitoring purposes of internal
parts of the compressor. The vibrations are measured in the direction of the force exerted by the crosshead on
this guide, which is in vertical direction of a horizontal compressor. Experience on horizontal compressors has
shown that the vibration values measured on the crossheads guide can be used in addition to the vibration values

of other locaticns-tojudge-theintearitv of the compressor-The proceduresformeasuringthe vibration-valu on
J o o J r r o

the crosshead guide are summarized in Annex C.

Key

1 all compressor frame boltlocations

2 each frgme corner point

3 each frgme locationtbetween the cylinders (required for a compressor with more than one cylinder)
4 each cylinder (cover flange at rigid location)

5 pulsatign vessels (only shown for one vessel in the figure)

NOTE [hehumbersapplrtoalltunesofthese-compressors{forclaritv-onlbronepointis-showninthe fisure
rrsJ JE 1 3 U J7 J 1 3 o

for most of the locations). Piping is not shown in the figure, so point 6 should be agreed upon with the vendor. A
detailed description of the directions is given in 4.3.2.

Figure 1 — Measuring locations for a horizontal compressor

4 © ISO 2014 - All rights reserved
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Key]
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gy
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all compressor frame bolt locations

each frame corner point

each frame location between the cylinders (required for a compressor with more than one cylinde
each cylinder (cover flange at rigid location]

pulsation vessels (only shown for one vessel in the figure)

E The numbers apply to all types of these compressors (for clarity only one point is shown

for most of the locations). Piping is hot shown in the figure, so point 6 should be agreed upon with t

detd

iled description of the directions is given in 4.3.2.

Figure 2 — Measuring locations for a vertical compressor

n the figure
he vendor. A
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Key

all com
each fr3
each fr4
each cy|

U s W N

pulsati

NOTE y
for most of
detailed des

Q

pressor frame bolt locations

me corner point

me location between the cylinders (required for a compressor with more than two cylinders)
inder (cover flange at rigid location)

n vessels (only shown for one vessel in the figure)

'he numbers apply to all types of these,c6mpressors (for clarity only one point is shown in the figure
he locations). Piping is not shown jn'the figure, so point 6 should be agreed upon with the vendgr. A
cription of the directions is given.in4.3.2.

Figure 3 — Measuring locations for a V-type compressor
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U s W N

NOTI

@

all compressor frame bolt locations

each frame corner point

each frame location between the cylinders (required for a compressor with more than three cyling
each cylinder (cover flange at rigid location]

pulsation vessels (only shown for one vessel in the figure)

E The numbers apply to all types of these compressors (for clarity only one point is shown

for most of the locations). Piping is hot shown in the figure, so point 6 should be agreed upon with t

detd

iled description of the directions is given in 4.3.2.

Figure 4 — Measuring locations for a W-type compressor

ers)

n the figure
he vendor. A
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Key

all com
each fr
each fr4

each cy]
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pulsati
NOTE y

for most of
detailed deg

4.3.2 Di1

The measurementsShould be carried out in the following directions.

a) Horizo

pressor frame bolt locations

me corner point

me location between the cylinders (required for @compressor with more than two cylinders)
inder (cover flange at rigid location)

n vessels (only shown for one vessel in the figure)

'he numbers apply to all types of thiese compressors (for clarity only one point is shown in the fig
he locations). Piping is not shown in the figure, so point 6 should be agreed upon with the vend
cription of the directions is given in 4.3.2.

Figure 5 =Measuring locations for an L-type compressor

ection of measurements

ntal compressor:

— foundd

Fure
r. A

tion frame r‘y]indm‘, pn]cqﬁnn r‘]qmpm‘c’ and piping- three mutually pprppndir‘nlqr XY

nd

Z directions as indicated in Figure 1;

b) Vertical compressor:

— foundation, frame, cylinder, pulsation dampers, and piping: three mutually perpendicular X, Y, and
Z directions as indicated in Figure 2;

c) V-type

compressor:

— foundation, frame, pulsation dampers, and piping: three mutually perpendicular X, Y, and Z

directi

ons as indicated in Figure 3,

— cylinder: three mutually perpendicular X1 (perpendicular to cylinder), Y1 (perpendicular to
cylinder), and Z1 (rod direction) directions as indicated in Figure 3;
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W-type compressor:

foundation, frame, and pulsation dampers and piping: three mutually perpendicular X, Y, and Z

directions as indicated in Figure 4,

cylinder: three mutually perpendicular X1 (perpendicular to cylinder), Y1 (perpendicular to

cylinder), and Z1 (rod direction) directions as indicated in Figure 4;

L-type compressor:

foundation, frame, cylinder, pulsation dampers, and piping: three mutually perpendicular X, Y, and

4.4

Mes
(eg
maj
con
unl

The
Ope

4.5

Red
mea

5.1

The
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5.2

5.2

The
give
the
as g

7 1: b s rad s I I
Zareetotrsasharcarca T rigatre—5-

Operating conditions

surements should be taken when the compressor has reached its steady-state.operating

normal operating temperature). The determination of the vibration values.shall be bg
kimum vibration values occurring over the entire speed range, if applicable, for all operat
ditions (e.g. different pressures, temperatures), specified alternative gases (e.g. N2 fo
pading conditions, single and multiple compressors in service, etc.

structure on which the compressor is mounted, either concrete-or skid, should not be in
ration at or near resonance should be avoided.

Record of measured results
ords of all measured results should include essential data of the compressor system

isuring systems used (see Annex A).

Vibration criteria

Measuring quantities

maximum vibration values for-overall vibration displacements, vibration velocities, an
blerations shall be represented as r.m.s quantities.

Evaluation zones

1 General

following ‘évaluation zones are defined to permit a qualitative assessment of the vib
n compressor system and to provide guidelines on possible actions. Numerical values §
zone'boundaries are primarily intended to serve as guidance values and are not intend
final acceptance criterion. The guidance values for acceptable vibration are intended

conditions
sed on the
ng process
- start-up),

resonance.

and of the

1 vibration

fation on a
issigned to
bd to serve

to ensure

tha

araoss deficiencies ar unrealistic reaguirements are avoided In certain cases there can
o -1 4

be specific

features associated with a particular compressor system which would require different boundary values
(smaller or larger) to be used, which should be agreed between the vendor and purchaser. In such cases,
it is normally necessary to clarify the reasons for this and, in particular, to confirm that the compressor
system will not be endangered by operating with larger vibration values.

Zone A, zone B: Compressor systems with vibration within these zones are normally considered
acceptable for long-term operation.

Zone C: Compressor systems with vibration within this zone are normally considered unsatisfactory
for long-term continuous operation. Generally, the compressor can be operated for a limited period
in this condition until a suitable opportunity arises for remedial action such as analysis and possible
correction. Clarify between the vendor and the purchaser that the compressor is suitable for long-term
safe operation.
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Zone D: Vibration values within this zone are normally considered to be of sufficient severity to cause
damage to the compressor and attached equipment.

Transitions for the zone boundaries for reciprocating compressor systems are summarized in Table 1.

Table 1 — Evaluation zone descriptions

Zone

Range

Criterion Description (See Notes)

<A/B

Compressor systems with vibration within these zones are nor-

>A/Band <B/C

Acceptable mally considered acceptable for long-term operation.

>B

Analysis and possible correction to be undertaken. Clarify betws
the vendor and the purchaser that the compressor is suitable for
long-term safe operation.

Cand<C/D |Marginal

en

D >C

Urgent correction to be performed or shutdown to be gonsidered

D (see Note 3).

Unacceptable

NOTE 1 Thd
conditions d
valves, vessé
and in agree

NOTE 2 Zor
taken on ma

NOTE 3 Ift}
by definitior]
attached eqy
to shut dowr

— The max

There a
values.

— Vibratio

— Analysis
element ana

— Acceptar
— Vibratio

se guidance values are not applicable to test bed conditions. Test bed conditions are unlikely to represent in
1e to variations in foundation flexibility, fixings and supports, loading, flow, gas conditiens, resonances, pig
Is, etc. For test bed conditions, other values might need to be applied based on the compressor OEM’s experig
mment with the purchaser.

e Bis included to define the range A/B to B/C. It can be used as an engineering reference. Field measurem
nly low-speed, constant process-condition machines are centred around’the Zone boundary A/B.

be vibration velocity of the main pipe system exceeds the appropriate/6/D/vibration value (zone D), this does
,mean that a fatigue failure in the main piping will occur. Fatiguefailures often occur in small bore piping
ipment to the main piping, e.g. pressure and temperature transmitters or drains. For that reason, considera
the system is not necessary if all of the following is fulfilled.

mum vibration velocity in the piping does not exceed an r.m’s value of 45 mm/s.

e no small bore piping and equipment attached to theimain pipe system which have large vibration velg

i displacement values of the main piping are smaller than the defined values of zone boundary C/D.

of the relevant pipe section shows that a fatigue failure is not likely to occur, e.g. by analytical methods, fi
ysis, modelling, or strain gauge measurement.

ce for long-term operation shall be agreed upon between the vendor and the purchaser.

is in zone D are commonly caused@:by the excitation of mechanical natural frequencies and should be avoidg
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feptance criteria

b criteria shall be)subject to agreement between the vendor and the purchaser prio
hstallation. Table 1 provides a basis for defining acceptance criteria for new or refurbis

Jance values for acceptable overall vibration values (2 Hz to 1 000 Hz)
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The guidance values for acceptable overall vibration displacement, vibration velocity, and vibration
acceleration values for a horizontal and vertical compressor system are summarized in Tables 2 to 4
and graphically shown in Annex B.

Unless otherwise specified, the guidance values for V- and W-type compressors are the same as for
vertical compressors. For L-type compressors, the values for the horizontal and vertical throw are the
same as those for horizontal and vertical compressors, respectively.

The values for the piping can also be used as a first screening criterion for small bore piping. However,
one should be careful in evaluating the vibration of small bore piping due to the fact that they are very
sensitive to weld quality and bracing and supporting details.
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Compressor system

r.m.s vibration displace-

r.m.s vibration displace-

Table 2 — Summary of overall constant vibration displacement values for different compressor

part ment values for horizontal ment values for vertical
compressors compressors
mm mm

Evaluation zone boundary Evaluation zone boundary

A/B B/C C/D A/B B/C C/D
Foundation 0,032 0,048 0,072 0,032 0,048 0,072
Frame (top) 0,084 0,127 0,191 0,084 0,127 0,191
Cylinder (lateral) 0,139 0,207 0,310 0,170 0,255 0,382
Cylinder (rod) 0,170 0,255 0,382 0,139 0,207 9,310
Dampers 0,202 0,302 0,454 0,202 0,302 0,454
Piping 0,202 0,302 0,454 0,202 0,302 0,454

Fable 3 — Summary of overall constant vibration velocity values for different compressor

system parts

Compressor system

r.m.s vibration velocity

f.m.s vibration velocity val-

part values for horizontal com< fués for vertical compressors
pressors mm/s
mm/s

Evaluation zone hpuirdary Evaluation zone boundary

A/B B/C Cc/D A/B B/C C/D
Foundation 2,0 3,0 4,5 2,0 3,0 4,5
Frame (top) 53 8,0 12,0 53 8,0 12,0
Cylinder (lateral) 8,7 13,0 19,5 10,7 16,0 24,0
Cylinder (rod) 10,7 16,0 24,0 8,7 13,0 19,5
Dampers 12,7 19,0 28,5 12,7 19,0 28,5
Piping 12,7 19,0 28,5 12,7 19,0 28,5
NOTE For piping values above evaluation zone boundary C/D, see Table 1, Note 3.

system parts

Taple 4 — Summary of overall constant vibration acceleration values for different co

Compressor system

r.m.s vibration acceleration

r.m.s vibration accel-

mpressor

part values for horizontal com- | eration values for vertical
pressors compressors
m/s2 m/s?

Evaluation zone boundary Evaluation zone boundary

A/B B/C Cc/D A/B B/C Cc/D
Foundation 2,5 3,8 5,7 2,5 3,8 5,7
Frame (top) 6,7 10,1 15,1 6,7 10,1 15,1
Cylinder (lateral) 10,9 16,3 24,5 13,5 20,1 30,2
Cylinder (rod) 13,5 20,1 30,2 10,9 16,3 24,5
Dampers 16,0 239 35,8 16,0 239 35,8
Piping 16,0 239 35,8 16,0 239 35,8

© IS0 2014 - All rights reserved
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5.3.2 Vibration values and the effect of mountings and foundations

The vibration values as given in Tables 2 to 4 are valid for compressor systems mounted on rigid
foundations. This means thatthe compressor and driver are mounted directly to the concrete foundation.
If the compressor and driver are mounted on a skid, the skid shall be stiff enough and directly mounted
to the concrete foundation. The structure on which the compressor is mounted, either concrete or
skid, should not be in resonance. Operation at or near resonance should be avoided. Isolated mounted
foundations, e.g. concrete block on springs and skids on anti-vibration mounts (AVM), are an exception
and the acceptable vibration values for such systems should be agreed upon between the purchaser and
the vendor.

5.3.3 Vibration values in the rod direction

The gas (stfetching) force in the cylinder causes vibration in the rod direction. In general the vibration in
the rod dirpction is larger than in the lateral direction. The vibration in the rod direction.of‘the cylinder
causes tenisile and compression stresses and is generally considered less harmful ithan the latpral
vibration which causes bending stresses. For that reason, larger vibration values inthe rod direction of
the cylinddr are allowed than in the lateral direction.

5.3.4 Vibration values for vertical compressor systems

For verticqdl compressors, larger vibration values in lateral direction than in the rod direction of|the
cylinder are allowed due to the fact that the vertical compressor is in;geheral more flexible in the latpral
direction than a horizontal compressor.
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Annex A
(normative)

Measurement information requirements

A.1—Compressor details

TOUTIT P T oD UI— e tarioy

TygIlcally, for each compressor being measured, the following information should be recorded.

Ite Example
Unifjue compressor identifier: equipment code or tag number
Compressor type: gas compressor/other

Number of cylinders:

Configuration: horizontal/vertical/V-typefk-type/W-type

Ratpd rotational speed: r/min or Hz

Constant or variable speed: Constant or variable'speed

Spekd variation (if applicable): minimum speed; maximum speed, r/min, or Hz

Ratpd power: kW

Compressor support: mounted on rigid foundation or resiliently mounted

Sh:lt coupling: rigid or flexible

Type of flow control: valve unloaders, bypass, clearance pocket, speed, stepleps flow

reversal control

It cqn also be useful to.récord the following information.

Item Example

Drivyer type: electric motor, internal combustion engine

© ISO 2014 - All rights reserved 13
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A.2 Measurements
For each measurement system, the following information should be recorded.
Item Example

Date, time (including time zone) of

measurement:

Instrument type: make and model of instrument

Measuremgnttocatiomn: drawing (preferred), description, or code

Measurement units: mm/s; mm, pm; m/s?2

Measuremgnt unit qualifier: r.m.s

Measurement type: overall/amplitude/spectrum/time history

Transducer type: accelerometer, eddy current, velocity

Transducer attachment method:  probe/magnet/stud/adhesive

FFT or other processing: filter (i.e. low and high cut-off frequencies), number of lines, nun-
ber of averages, number of samples, window type

Calibratior] requirement: type and date of last requiféd calibration

The follow|ng process and operating parameters should.also be recorded.

Item Example
Speed during measurement: r/min or-Hz
Power during measurement: kW

Operation pf multiple compressors: (~single, parallel

Load condition per compressor; load %, load steps

Unloading method: valve unloading (stepless or fixed), clearance volumes (fixed ¢r
variable)

Operating parameterst pressures, temperatures, gas composition

A.3 Other-sinformation

Extra information on the compressor and the measurements can be recorded in addition to the above,
e.g. historical maintenance data. An example of a form to record asset and measurement data for the
compressor types is shown in Table A.1.
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Table A.1 — Form for recording typical compressor details

General
Record no.: Installation site:
Date: Measured by:
Details of compressor system
Unique compressor ID no.: Type/Serial no.:
Type: gas compressor/othera Driver type:2
Nuthber of cylinders: 1/2/3/4/5/6/8/12 /othera Coupling: rigid/flexiblea
Corffiguration: horizontal /vertical /othera Load condition during measurement;
Ratled speed: r/min Rated power: kW
Actpal speed: r/min Power during measurement: KW
Mopinting: Running hours:
on rigid foundation/resilienta
directly/on skida
Verldor:

Details of each measuring system
Instrument make: Instrument model:
Medsurement units: FFT orether processing details:

Megsurement unit qualifier:

Trapsducer type and make: Attachment:

Di:Jgram Sketch compressor below:

Megsurement records, readings, diagrams, etc. should be attached giving locations of measurement|and the
conditions at the time of measurement, if applicable.

a  |Delete/supplement as appropriate.
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Annex B
(normative)

Curves with overall limits of vibration velocity values

B.1 Intreduction
In this anngx, the vibration values as given in Tables 2 to 4 are presented in a graphical form asibrafion
velocities. [The values were derived from constant vibration displacement in the frequency.range 4 Hz
to 10 Hz, donstant vibration velocity from 10 Hz to 200 Hz, and constant vibration accelepation from
200 Hz to 1000 Hz. The frequencies of 10 Hz and 200 Hz are the corner frequencies.
NOTE For a deeper explanation of the velocity-based curves, see ISO 10816-1.
For sinusoldal signals, the relation between vibration displacement, vibration-velocity, and vibration
acceleration is as follows.
: i 1
Displadement: x=Ivdt=H(adt)dt=——v=——a (B.1)
w (,)2
dx i
Velocity: v:—:Iadt:iwx:——a (B.2)
dt o}
: d%x .
Accelefation: a=—=——== —@’x=iov (B.3)
dt  gt?

where

i istheimaginary unit;

® isthe angular frequency of thevibration with o =2xf .
These relations can, for example,be used to convert vibration displacement and vibration acceleration
to vibratioh velocity at the 20°Hz and 200 Hz corner frequencies for a sinusoidal signal.
B.2 Curyes with gverall limits of vibration velocity values
Curves with ovesall limits of vibration velocity values for different parts of a compressor system|are
shown in Higures B.1 to B.10.
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Figure B.1 — Overall vibration velocity limiting curve for the foundation of a hori
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Figure B.2 — Overall vibration velocity limiting curve for the frame of a horizontal compressor
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Figure B{3 — Overall vibration velocity limiting curve for the.cylinder in lateral direction of a
horizontal compressor
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Figure B.4 — Overall vibration velocity limiting curve for the cylinder in rod direction of a
horizontal compressor
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Figure B.5 — Overall vibration velocity limiting curve for the piping and damperp of a
horizontal compressor
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Figure B.6 — Overall vibration velocity limiting curve for the foundation of a vertical
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Figure B.7 — Overall vibration velocity limiting curve for the frame of a vertical compressgr
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Figure B.8 — Overall vibration velocity limiting curve for the cylinder in lateral direction of a
vertical compressor
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Figure B.9 — Overall vibration velocity limiting curve for the cylinder in rod directjion of a
vertical compressor
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Figure B.10 — Overall vibration velocity limiting curve for the piping and dampers of a vertical
compressor
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