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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 proce@lures used to develop this document and those intended for its further maintenanee
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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Introduction

ISO 20816-1 gives general guidelines for the evaluation of machine vibration by measurements on both
non-rotating parts and rotating shafts. The present document, however, establishes special procedures
and guidelines for the measurement and classification of mechanical vibration of reciprocating
compressors. Since, in general, it is not common to measure shaft vibration, this document refers
to vibration of the main structure of the compressor, including the foundation, pulsation dampers
and attached pipe system. The guidance values given for these vibrations are defined primarily to
classify the vib

Typ
cyli
the
The
con
tor

Int
con
doc

Thd

ical features of reciprocating compressors are the oscillating masses, the cyclically varxyi
der stretch and the pulsating forces in the cylinders, pulsation dampers and the pipe
be features cause alternating loads on the main supports and vibration of the @empress
vibration values of reciprocating compressor systems are generally larger than f
pressors but, since they are largely determined by the design features of the‘compresso
emain more constant over the life of the system than for rotating machinery:.

he case of reciprocating compressor systems, the vibration measuyred’on the main struc

Lument can only give a rough idea of the vibratory states of the components within the ma

sim

insfrumentation, heat exchangers, filters, pumps), connecting elements of the compress

damage which can occur when exceeding the guidance values based on exper
ilar compressor systems is sustained predominantly™by machine-mounted compo

g torques,
cystem. All
or system.
r rotating
[, they tend

ture of the

pressor (including the foundation, pulsation dampers and piping)and quantified accordling to this

Chine itself.

ence with

ents (e.g.

br with its

perjpheral parts (e.g. pipelines) or monitoring instruments (e.g. pressure gauges, thermomleters). The

quefstion as above which vibration values damage‘is to be expected largely depends on th
these components and their fastenings. In somecases, special measurements on certain (
system components can be required to ascertain’that the vibration values do not cause dam

ha
owl

Loc

elinpination of resonances). Experience has shown, however, that it is possible in the major

tos
Thi

e design of
ompressor
age. It also

ens that, even if measured values are within the guidance values of this document, problems occur

g to the great variety of components which can be attached.

hal vibration problems as described above can be rectified by specific “local measurt

tate measurable quantities‘characterizing the vibratory state and to give guidance value
5 shows that the measurable variables and the guidance values for acceptable vibrati

s” (e.g. by
ty of cases
s for these.
bn in most

casg¢s permit a reliable eyaluation.

If the measured vibratien values as given in this document do not exceed the guidance valued, abnormal
wedr of internal compressor components caused by vibration is unlikely to occur.

Theg vibration Values of reciprocating compressor systems are not only affected by the prpperties of
the|compressor itself but also, to a large degree, by the foundation. Since a reciprocating djompressor
can|act as,a vibration generator, vibration isolation between the compressor and its foundafion can be
necpssary. The vibration response of the foundation and the vibration from adjacent equjpment can
have_censiderable effect on the vibration of the compressor system
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Mechanical vibration — Measurement and evaluation of
machine vibration —

Part 8:
Reciprocating compressor systems

1
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outy

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

Scope

5 document establishes procedures and guidelines for the measurement-and class
lassify the vibration of the compressor system and to avoid fatigue prgblems with p

nted on the compressor system. Shaft vibration is not considered.

5 document applies to reciprocating compressors mounted 0n rigid foundations wj
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 document can also be applied to reciprocating ¢
ide the specified speed range but different evaluatioircriteria might be appropriate in this case.

The
ap

duty. Drivers are not included in this docunient.

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

machinery driving the reciprocating compressor, however, is evaluated in accordang
opriate part of ISO 10816, ISO 20816 onother relevant standards and classification for th

fication of

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

arts in the
equipment

ith typical
evaluation

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

hchine, e.g.

ompressors

e with the
e intended

dering the

effegcts of internal machine components, e.g. problems associated with valves, pistons and piston rings

might be unlikely to be detected in the measurements. Identification of such problems d
inve¢stigative diagnostic techniques which are outside the scope of this document.

Ex

ples of reciprocating/compressor systems covered by this document 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
gedrhox, flexible or rigid coupling, and

an require

- without a

1 . h B T T PR | . P
Uury Tulillilg diIid TUpTILAiCU TTUIPTOLAUITLE CULITPTESSUTLS.

This document does not apply to hyper compressors.

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

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. 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 Term

s and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

IEC Ele r‘frnppdin- available at httn: //ararw electropnedia.org/

31

compressor system

machinery|
pulsation ¢

3.2

system comprising foundation, compressor (crankcase, crosshead guidé;)cylinde
ampers and piping

overall vihration value

single nun
time wave
or indicato

eric representation of a feature or aggregate of features derivedfiom a raw or proceg
orm or frequency spectrum of a vibration signal and often accompanied by descriptive
s to specify methods used in its derivation

br's),

sed
fext

Note 1 to enftry: The overall vibration value is measured in the frequencysange from 2 Hz to 1 000 Hz.

3.3

corner frequency

frequency [used to convert the vibration displacement toibration velocity and vibration velocity to
vibration acceleration 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 tha

3.6

f issues the order and specification to the vendor

mainline piping

piping of w

Note 1 to e
containing ¢

Note2toe

3.7

hich the small bore connections are branched

htry: Mainline piping can also refer to stationary components of rotating machinery and pres
quipnient like vessels or coolers.

pure

small bore connection

SBC

branch connection on mainline piping, vessels or equipment that has an actual outer diameter of
60,3 mm or smaller, or that has an actual outer diameter larger than 60,3 mm with a branch ratio (3.8)
of less than or equal to 12 %

Note 1 to entry: All connections that have a branch ratio greater than 36 % are excluded.

Note 2 to entry: The small bore connection piping extends until the effect of the mainline piping vibration is
negligible, which is typically the first support.

Note 3 to entry: Diameters of small bore connection are given in Table E.1.

2 © ISO 2018 - All rights reserved
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3.8
branch ratio
ratio of small bore connection actual outer diameter to mainline piping actual outer diameter

Note 1 to entry: For a definition of the actual diameter of non-cylindrical parts (e.g. compressor frame) to which
a small bore connection is connected, see Figure E.1.

4 Measurements

4.1_Measurement procedure

Thg primary measurement quantity shall be the overall root-mean-square (RMS) vibratign velocity,
in mmm/s.

If frequencies below the corner frequency of 10 Hz are expected or observedy it is recommended
addjitionally to measure the overall RMS vibration displacement, in mm (it is)also commor] to display
displacement in micrometres where 1 pm = 10-3 mm).

bmmended
bn, but not

If frequencies above the corner frequency of 200 Hz are expected jr-ebserved, it is rec
addjfitionally to measure the overall RMS vibration acceleration, in “m7/s? (it is still comm
recpmmended, to display acceleration in units of g where g = 9,81 my/s2).

y take the
ind 200 Hz
a function

ral form of Figures B.1 to B.10. These figures indjcate the corner frequencies of 10 Hz :
show that below and above these corner frequeficies, the guidance vibration velocity ig
bration frequency.

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

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

Vibfation acceleration values aré.often measured to carry out condition monitoring
conjpressor components. However, this document is not intended to be applied for condition
purposes. For example, if the eondition of the compressor valves is to be monitored, other |
and|standards with different'values can apply. The vibration acceleration values given in thij
shopld, therefore, only_serve as a criterion to judge the overall integrity of the compres

bf internal
monitoring
brocedures

document
50 system

and attached equipment, e.g. pressure and/or temperature transmitters and valve-liftifng devices.
When the acceleration values given in this document are exceeded, this does not, by defini::ion, imply
that corrective_dctions are required. The susceptibility of components to large acceleration values
truments,jheavy components on small equipment nozzles, etc.), the presence of audible noise or
a point of

are not the

Fur 2 J
stem parts (foundation, crankcase,

values of the attached equipment but the values of the compressor sy
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 in
Clause 5. It is recognized that the main excitation frequencies for reciprocating compressor systems
are generally found in the range 2 Hz to 300 Hz. However, when considering the complete compressor
system, including auxiliary equipment that is a functional part of the compressor, a typical range of
2 Hz to 1 000 Hz is applied to characterize the overall vibration. For the purposes of this document, the
overall RMS 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.

© ISO 2018 - All rights reserved
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Since the overall vibration signal usually contains many frequency components, there is no simple
mathematical relationship between the RMS, peak or peak-to-peak overall vibration measurements;
see Annex D.

The measuring system should provide the RMS values of displacement, velocity and acceleration
with an accuracy of #10 % over the range 10 Hz to 1 000 Hz and with an accuracy of +10 % and -20 %
over the range 2 Hz to 10 Hz. These values can be obtained from a single transducer whose signal is
processed to derive the quantities not directly measured, preferably an accelerometer whose output is
integrated once for velocity and twice for displacement. ISO 2954 gives requirements for instruments
for measuring vibration severlty Guldelmes on applymg methods of signal processing and display, e.g.
time and fre and
common examples are glven in ISO 18431-2.

For small pore connections, the difference between the highest and lowest vibration velocity value
between two locations shall be measured as specified in Annex E because this determines the maximum
cyclic stregs values. The guidance values for acceptable overall vibration are for that reason based on
the differepce in vibration time waveforms measured on the two locations, as defined in E.2.1. [The
correct phase between these two locations shall be taken into account.

Care should be taken to ensure that any processing does not adversely affectthe required accurady of
the measufing system. Both the frequency response and measured vibratien values are affected by
the method of attachment of the transducers. It is especially important td_maintain a good attachnfent
between the transducer and the compressor when the vibration velecities and frequencies are r}:righ.
ISO 5348 gjives guidelines on the mounting of accelerometers.

NOTE The guidance vibration values are not applicable for ovalling shell modes of pulsation dampers|and
large diamejter pipe systems.

4.3 Locations and direction of measurements

4.3.1 Lofgations

As a mininjum, the vibration measurements'shall be carried out on the locations shown in Figures [l to
5 as follows:

— founddtion: at all compressor frame bolt locations;

— frame |(top): on each corner-point and between all cylinders for a compressor with more than fwo
cylindérs, all at the top ofithe’frame;

— cylinders (lateral andrpd): at the rigid part of each cylinder cover flange;
— pulsat]jon 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
purchgser;

— small bore connections: see Figure E.Z.

NOTE Accelerometers are 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 crosshead guide can be used in addition to
the vibration values of other locations to judge the integrity of the compressor. The procedures for measuring the
vibration values on the crosshead guide are summarized in Annex C.

4 © ISO 2018 - All rights reserved
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Key
all compressor frame bolt locations
each frame corner point

each frame location between the cylinders (required for alcompressor with more than one cylinder on the
same side)

4 |each cylinder (cover flange at rigid location)
5 |pulsation vessels (only shown for one vessel in the figure)

NOTE The numbers apply to all types of these\compressors (for clarity, only one point is shown In the figure
for most of the locations). As piping is agreedcupon with the vendor, it is not shown in the figurd. A detailed
des¢ription of the directions is given in 4.3.2¢

Figure 1 — Measuring locations for a horizontal compressor

© IS0 2018 - All rights reserved 5
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Z
* )\
Q) X Y
N
~—
~——]
XD
\J
2
3
1
Key
1  all compressor frame bolt locations
2 each frgme corner point
3 each frgme location between the cylinders (required for a compresser 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 The numbers apply to all types of these compressors (for clarity, only one point is shown in the figure

for most of|the locations). As piping is agreed upon with\the vendor, it is not shown in the figure. A detdiled
description fof the directions is given in 4.3.2.

Figure 2 — Measuring locations for a vertical compressor

6 © ISO 2018 - All rights reserved
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)

Key
all compressor frame bolt locations
each frame corner point

each frame location between the cylinders (not shown in this figure, required for a compressor with more than
two cylinders; see Figures 1 and 2)

each cylinder (cover flange at rigid location)
5 |pulsation vessels (only shown for one vessel in the figute)
NOTE The numbers apply to all types of these coripressors (for clarity, only one point is shown In the figure

for most of the locations). As piping is agreed uper’/with the vendor, it is not shown in the figurd. A detailed
desg¢ription of the directions is given in 4.3.2.

Figure 3 — Measuring locations for a V-type compressor

© ISO 2018 - All rights reserved 7


https://standardsiso.com/api/?name=b53ee4c9a158b565d5cf76dcb26e3e7e

ISO 20816-8:2018(E)

(@)n

bressor frame bolt locations
me corner point

me location between the cylinders (not shown in this figure,xequired for a compressor with more than
rlinders; see Figures 1 and 2)

inder (cover flange at rigid location)
n vessels (only shown for one vessel in the figure)
'he numbers apply to all types of these compressors (for clarity, only one point is shown in the figure

the locations). As piping is agreed upon wwith the vendor, it is not shown in the figure. A detdiled
of the directions is given in 4.3.2.

Figure 4 — Measuring locations for a W-type compressor

Key
all com
each fr3
each fr3
three cj
each cy]
5 pulsati
NOTE ’
for most of
description
8
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Key

NO
for
des

4.3
The

b)

all compressor frame bolt locations
each frame corner point

two cylinders; see Figures 1 and 2)
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;eémpressors (for clarity, only one point is shown

ription of the directions is given in 4.3.2,

Figure 5 — Measuring locations for an L-type compressor

2 Direction of measurements
measurements shéuld be carried out in the following directions.
Horizontal cofmpressor:

— foundation, frame, cylinder, pulsation dampers and piping: three mutually perpenc
andZdirections as indicated in Figure 1;

Vertical compressor:

most of the locations). As piping is agreed upon with the vendor, it is not shown in the figurd.

each frame location between the cylinders (not shown in this figure, required for a compressor with more than

n the figure
A detailed

licular X, Y

c)

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

and Z directions as indicated in Figure 2;
V-type compressor:

— foundation, frame, pulsation dampers and piping: three mutually perpendicular
directions as indicated in Figure 3;

X,Y and Z

— cylinder: three mutually perpendicular X; (perpendicular to cylinder), Y1 (perpendicular to

cylinder) and Z1 (rod direction) directions as indicated in Figure 3;

© ISO 2018 - All rights reserved
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d) W-type compressor:
— foundation, frame, pulsation dampers and piping: three mutually perpendicular X, Y and Z
directions as indicated in Figure 4;
— cylinder: three mutually perpendicular X; (perpendicular to cylinder), Y1 (perpendicular to
cylinder) and Z1 (rod direction) directions as indicated in Figure 4;
e) L-type compressor:
— foundation, frame, cylinder, pulsation dampers and piping: three mutually perpendicular X, Y
ar]d Z d;l \,\,tiuuo (2] ;ud;\,at\,d ;ll }—‘15 Ul o 5-
4.4 Operating conditions
Measurements should be taken when the compressor has reached its steady-state operating conditjons
(e.g. normdl operating temperature). The determination of the vibration values shall'be based on|the
maximum pibration values occurring over the entire speed range, if applicable, for alloperating progess
conditions|(e.g. different pressures, temperatures), specified alternative gases_(ezg. N, for startjup),
unloading fonditions, single and multiple compressors in service, etc.
4.5 Record of measured results
Records of all measured results shall include essential data of €he“compressor system and of|the
measuring[systems used as specified in Annex A.
5 Vibration criteria
5.1 Measuring quantities
The maximum vibration values for overall vibration displacements, vibration velocities and vibration
accelerations shall be represented as RMS gquantities.
5.2 Evaluation zones
5.2.1 Geperal
The followfing evaluation zenes are defined to permit a qualitative assessment of the vibration ¢n a
given compressor systend and to provide guidelines on possible actions. Numerical values assignefl to
the zone bpundaries areprimarily intended to serve as guidance values and are not intended to sgrve
as a final gcceptanee, criterion. The guidance values for acceptable vibration are intended to enqure
that gross (deficienci€s or unrealistic requirements are avoided. In certain cases, there can be speg¢ific
features agsogiated with a particular compressor system which would require different boundary
values (smfalleror larger) to be used, which should be agreed between the vendor and purchaser. In

such cases, TtTsTOT mdﬂy TTECESSdry (o Clar ify theTeasomsforthis dud, T par LiLuldl, tocomfirmrtirat 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.

Zomne 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.

Zone D: Vibration values within this zone are normally considered to be of sufficient severity to cause
damage to the compressor and attached equipment.

10 © ISO 2018 - All rights reserved
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Transitions for the zone boundaries for reciprocating compressor systems are summarized in Table 1.

Table 1 — Evaluation zone descriptions

NO’
not
pip
con
—1

— 1
exc
—
— A
eler]
— A
—
NO’
D),
con

shu
actil

gau
tim
vibi
thid

eler

'E 3

Kideration to shut down the system is not necessary if all of the followings fulfilled:

bed the guidance values (see Annex E). If, however, the vibration'values exceed the guidance values, Note 4

knalysis of the relevant pipe section shows that a fatigue failure is not likely to occur, e.g. by analytical m¢g
hent analysis, modelling or strain gauge measurement:

Zone Range Criterion Description (See Notes)
A <A/B Acceptable Compressor systems with vibration within these zones are normal-
B >A/B and < B/C p ly considered acceptable for long-term operation.
Analysis and possible correction to be undertaken. Clarify between
C >B/Cand <C/D Marginal the vendor and the purchaser that the compressor is suitable for
long-term safe operation.
D >C/D Unacceptable Urgent correction to be performed or shutdown to be Gohsidered
(see Notes 3 and 4).
NOTE 1 These guidance values are not applicable to test bed conditions. Test bed conditions are unlikely to|represent in
situ]conditions due to variations in foundation flexibility, fixings and supports, loading, flow, gas conditions|resonances,
piping, valves, vessels, etc. For test bed conditions, other values might be applicable based'\on the expeifience of the
conjpressor manufacturer and in agreement with the purchaser.
NOTE 2 Zone Bisincluded to define the range A/B to B/C. It can be used as an engineering reference. Field m¢asurements
taken on mainly low-speed, constant process-condition machines are centred around the zone boundary A/B.

If the vibration velocity of the mainline piping exceeds the appropriate.C/D vibration value (zone
by definition, mean that a fatigue failure in the main piping will occur. Fatigue failures often occur if
ng and attached equipment to the main piping, e.g. pressure and temperature transmitters or drains. For

he maximum vibration velocity in the mainline piping does not excéed an RMS value of 45 mm/s.

he measured vibration values of the small bore connections which'are attached to the relevant main pipe s

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

cceptance for long-term operation is agreed upon between the vendor and the purchaser.
ibrations in zone D, commonly caused by theexcitation of mechanical natural frequencies, are avoided.

[E 4 If the relative vibration velocity ©of the small bore connection exceeds the appropriate C/D vibratior
his does not, by definition, mean that a fatigue failure of the small bore connection will occur. The stress in
hection is influenced by the geometry, connection type, weld details and quality, etc. For that reason, con

[ down the system is not neces§ayy if the cyclic stress does not exceed the endurance limit. To prove this, the following

ons are undertaken:

The actual cyclic stressi\is)measured at the critical points, in general the welds close to the mainline,
be measurement and,compared with the fatigue limit of the weld, or the difference of the vibration d
b waveform (peak-to<peak displacement in mm) between the small bore connection and the mainline pip
ation) is measuréd.

Geometry datarare taken on the small bore connection and mainline piping, including diameters, leng
kness.

A fatigue analysis is conducted with the relative vibration displacement using proved analytical meth
hentanalysis and it is checked if the maximum calculated cyclic stress does not exceed the endurance limit]

D), this does
h small bore
that reason,

stem do not
s applicable.

thods, finite

value (zone
asmall bore
ideration to

yith a strain
isplacement
ing (relative

hs and wall

bds or finite

5.2.

2  Acceptance criteria

Acceptance criteria shall be subject to agreement between the vendor and the purchaser prior to
purchase installation. Table 1 provides a basis for defining acceptance criteria for new or refurbished
machines.
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5.3 Guidance values for acceptable overall vibration values (2 Hz to 1 000 Hz)

5.3.1 Guidance value tables for displacement, velocity and acceleration

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

alayal FI'\“ ]‘\I’\Y‘iqf\“f’)l ’JV\!" ‘Yﬂl‘fil‘ﬁl conmnreaccorc Y'D(‘Y\DI‘";‘7D]‘7
same as thpseforhorizontal and vertical compt rs respectively

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

Compressor sys- | RMS vibration displace- | RMS vibration displace-
tem part ment values for horizon- | ment values for vertical
tal compressors compressors
mm mm
Evaluation zone boundary | Evaluation zone.boundary
A/B B/C C/D A/B B/C Cc/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 | 0170 | 0,255 | 0,382
Cylinder (rod) 0,170 | 0,255 | 0,382 ,./20,139 | 0,207 | 0,310
Dampers 0,202 | 0,302 | 0,454~| 0,202 | 0,302 | 0,454
Mainline piping 0,202 | 0,302 |-0454 | 0,202 | 0,302 | 0,454

Small bore connec-
tion

See Table E.2

Table 3 — Summary of overall constant vibration velocity values
for different compressor system parts

12

Compressor sys- 4~ RMS vibration velocity | RMS vibration velocity
tem part values for horizontal values for vertical com-
compressors pressors
mm/s mm/s
Evaluation zone boundary | Evaluation zone boundary
A/B B/C C/D A/B B/C C/D
Foundation 2,0 3,0 4,5 2,0 3,0 4,5
Frame (top) 5,3 8,0 12,0 5,3 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
Mainline piping 12,7 19,0 28,5 12,7 19,0 28,5

Small bore connec-
tion

See Table E.3

see Table 1, Note 3.

NOTE For mainline piping vibration values above evaluation zone boundary C/D,
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Table 4 — Summary of overall constant vibration acceleration values
for different compressor system parts

5.3

The
fou
fou
dirg
con

moyinted foundations, e.g. concrete block on springs and skids on anti-vibration mounts (A\

Compressor sys- | RMS vibration accelera- | RMS vibration acceler-
tem part tion values for horizontal | ation values for vertical
compressors compressors
m/s? m/s?
Evaluation zone boundary | Evaluation zone boundary
A/B B/C C/D A/B B/C C/D
Foundation 2,5 3,8 57 2,5 3,8 57
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
Mainline piping 16,0 239 35,8 16,0 239 35,8
Small bore connec- See Table E.4
tion

2 Vibration values and the effect of mountings and foundations

vibration values as given in Tables 2 to 4 are valid fof, ¢ompressor systems mounts
ndations. This means that the compressor and drivef are mounted directly to th
hdation. If the compressor and driver are mounted.on a skid, the skid shall be stiff ¢

crete or skid, should not be in resonance. Operation at or near resonance should be avoid¢

d on rigid
P concrete
nough and

ctly mounted to the concrete foundation. The strueture on which the compressor is mounted, either

bd. Isolated
(M), are an

exception and the acceptable vibration valuesfor such systems should be agreed upon bg¢tween the
purchaser and the vendor.

5.3{3 Vibration values for horizontal compressors

The gas (stretching) force in the cylinder causes vibration in the rod direction. In general, thle vibration
in the rod direction is larger-than in the lateral direction. The vibration in the rod diregtion of the
cylinder causes tensile and-compression stresses and is generally considered less harmfill than the
lateral vibration which causes bending stresses. For that reason, larger vibration values arejallowed in

the

5.3

For
dire
tha

rod direction of the:cylinder than in the lateral direction.

4 Vibrationwvalues for vertical compressors

vertical¢compressors, larger vibration values are allowed in lateral direction than
ction efthe cylinder since vertical compressors are in general more flexible in the laterg
 harizontal compressors.

in the rod
] direction

© ISO 2018 - All rights reserved
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Annex A
(normative)

Measurement information requirements

Typically, fpr each compressor being measured, the following information should be recorded;

Item Example/Additional information
Unique corhpressor identifier: equipment code or tag number
Compressdr type: gas compressor/other

Number of|cylinders:

Configuratjion: horizontal/vertical/V-type/L-typ¢e/W-type

Rated rotational speed: r/min or Hz

Constant of variable speed: constant or variable speed

Speed variption (if applicable): minimum speed, maximum speed, r/min or Hz

Rated powpr: kW

Compressdr support: mounted-on rigid foundation or resiliently mounted

Shaft coupling: rigid or'flexible

Type of flov control: valve unloaders, bypass, clearance pocket, speed, stepless floy

reversal control

It can also pe useful to record®he’following information.

Item Example/Additional information

Driver typég: electric motor, internal combustion engine

A.2 Measurements

For each measurement system, the following information should be recorded.

Item Example/Additional information

Date, time (including time zone) of

measurement:

Instrument type: make and model of instrument
Measurement location: drawing (preferred), description or code
Measurement units: mm/s; mm, pm; m/s2

14 © ISO 2018 - All rights reserved
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Measurement unit qualifier: RMS

Measurement type: overall/amplitude/spectrum/time history
Transducer type: accelerometer, eddy current, velocity
Transducer attachment method: probe/magnet/stud/adhesive

FFT or other processing:

ber of averages, number of samples, window type

filter (i.e. low and high cut-off frequencies), number of lines, num-

Caljbration requirement: type and date of last required calibration

The following process and operating parameters should also be recorded.

Item Example/Additional information

Speed during measurement: r/min or Hz

Power during measurement: kW

Opgration of multiple compressors: single, parallel

Load condition per compressor: load %, load steps

Unlpading method: valve unloading (stepless or fixed), clearance volumes
variable)

Op4qrating parameters: pressures, temperatures, gas composition

A.3 Other information

Extra information on the compressori@and the measurements can be recorded in addition ta

e.g.
con

historical maintenance data. Ah_éxample of a form to record asset and measurement d
pressor types is shown in Table A.1.

(fixed or

the above,
ata for the

©IS
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Table A.1 — Form for recording typical compressor details

Number of

Configurat

Actual spe

Mounting:

directl

Vendor:

Type: gas compressor/othera

cylinders: 1/2/3/4/5/6/8/12/othera

General

Record no.: Installation site:
Date: Measured by:
Details of compressor system

Unique compressor ID no.: Type/Serial no.:

Driver type:2
Coupling: rigid/flexiblea

on: horizontal/vertical /othera

Rated speefd: r/min

bd: r/min

on rigidl foundation/resilient?a

/on skida

Load condition during measurement:
Rated power: kW
Power during measurement: kW

Running hours:

Details of

Instrumen

bach measuring system

make:

Measuremént units:
Measuremg¢nt unit qualifier:

Transducerf type and make:

Instrument model:

FFT or other processing details:

Attachment;

Diagram Sketch compressor below:
Measuremg¢nt records, readings, diagrams, etc. should be attached giving locations of measurement and the
conditions pt the time of measurement, if applicable.
a  Delete/qupplement as appropriate.
16 © ISO 2018 - All rights reserved
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Annex B
(informative)

Curves with overall limits of vibration velocity values

B.1 General
J—enRelrat

Int

velqcities. The values were derived from constant vibration displacement in the frequency

to 1

2000 Hz to 1 000 Hz. The frequencies of 10 Hz and 200 Hz are the corner frequencies.

NOTE For a more detailed explanation of the velocity-based curves, see ISO 20816-1.
For|sinusoidal signals, the relation between vibration displacement,yibration velocity an
accgleration is as follows.
Displacement:
i 1
X =_[vdt =”(adt)dt =——v=—-—"xa
w (DZ
Velgcity:
dx ) i
v:—:jadtzlwx:——a
dt 0]
Accgleration:
dv  d%x 2 .
a=—=——-=—-°x=iov
dt dtz
whére

The

i isthe imaginary unit;
® isthe angular frequency of the vibration with w=2nf .

se relations can, for example, be used to convert vibration displacement and vibration a

to vlibration velocity at the 10 Hz and 200 Hz corner frequencies for a sinusoidal signal.

his annex, the vibration values as given in Tables 2 to 4 are presented in a graphical form gs vibration

range 2 Hz

0 Hz, constant vibration velocity from 10 Hz to 200 Hz and constant vibrationaccelerfation from

|l vibration

(B.1)

(B.2)

(B.3)

cceleration

B.2 Curves with overall limits of vibration velocity values

Curves with overall limits of vibration velocity values for different parts of a compressor system are
shown in Figures B.1 to B.10.

© ISO 2018 - All rights reserved
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Figure B.1 — Overall vibration velocity limiting curve for the'foundation of a horizontal

compressor
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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 forthe cylinder in lateral direftion 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.6 — Overall vibration velocity limiting curve for the foundation of a vertical
compressor
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Figure B.7 — Overall vibration velocity limiting curvefor'the frame of a vertical compressor
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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 direction of 3
vertical compressor

VRMS
30 Zone D

25 f \
, / Zone C \
15 / Zone B \
10 4 / Zone A \\ \\
/ NN
4 N

2 10 200 1000 f

Key

vrMs RMS luibration velocity in mmI/c

f frequency, in Hz

Figure B.10 — Overall vibration velocity limiting curve for the mainline piping and dampers of
a vertical compressor
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Annex C
(informative)

Measurement of vibration values on the crosshead guide

C.1

Acc
con
veld
and
on 1
con
in 4
pro
are

Cro
cony

techniques. Therefore, it is often used as a trending toelswith ALARM and TRIP (shutdd

det

stapdard guidelines from 2 Hz to 1 000 Hz and canbe-used for guidance, but can be subjec

dep)

C.2

C.2

For
mal
cen
nee

C.2

Thd
whi

General
=enera:

elerometers are often mounted on the crosshead guide for condition monitoring
pressor components. Unless the compressor manufacturer has guidance values for th
city and acceleration magnitudes for the relevant compressor, the guidance values off
C.3 can be used. The vibration is measured in the direction of the force exerted by thd
his guide, which is in the vertical direction of a horizontal compressor-Experience on
pressors has shown that the vibration values measured on the crosshead guide cg
ddition to the vibration values of other locations to judge the integrity of the compi
redures for measuring the vibration values on the crosshead guid®are outlined in this
limited to horizontal compressors.

kshead guide impact measurements (typically as vibratiefivacceleration) are subject to
pressor loading, speed, rotational direction, transducér’ type, structure resonance an

ermined from normal running conditions. The limitS provided below are interpolate

ending on the actual conditions and design of the’'machine.

Locations and direction of measurements

1 Location

horizontal compressors, the measurements on each crosshead guide should be tal
ked location indicated bythe compressor manufacturer. If there is no marked location, o
freline of the throw halfway along the length of the crosshead guide, see Figure C.1. T}
ds to be a stiff structinal part which might need verification on manufacturer’s machine

2 Direction-ofmeasurements

measurements should be taken in the direction of the force exerted by the crosshead on|
ch is the‘vertical direction of a horizontal compressor.

bf internal
b vibration
Tables C.2
crosshead
horizontal
n be used
ressor. The
annex and

mounting,
] sampling
wn) limits
l from the
f to change

ten on the
h top in the
is location
drawings.

this guide,
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Key
L  length
B  widthd

NOTE ’

C.3 Guig

Guidance ¥
velocity an

Table

f crosshead guide
f crosshead guide

'he measurements are carried out on the crosshead guide ofieach throw.

Figure C.1 — Crosshead guide locations ¢ofia horizontal compressor

lance values for acceptable overall vibrations on the crosshead guide

ralues for acceptable overall vibrations on the crosshead guide in terms of displacement,
d acceleration are given in Tablées €.1 to C.3.

C.1 — Summary of overall vibration displacement values on the crosshead guide
Compressorsystem | RMS vibration displacement values for
part horizontal compressors
mm
Evaluation zone boundary
A/B B/C Cc/D
Crosshead guide 0,095 0,143 0,215
NOTE Displacement limits are generally not used on crosshead guides.

Table C.2 — Summary of overall vibration velocity values on the crosshead guide

24

Compressor system | RMS vibration velocity values for hori-
part zontal compressors
mm/s
Evaluation zone boundary
A/B B/C Cc/D
Crosshead guide 6,0 9,0 13,5
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Table C.3 — Summary of overall vibration acceleration values on the crosshead guide

Compressor system | RMS vibration acceleration values for
part horizontal compressors
m/s?
Evaluation zone boundary
A/B B/C Cc/D
Crosshead guide 7,5 11,3 16,9
NOTE Acceleration limits are generally preferred on crosshead guides.

The
con

Key]

VRM§

corresponding curve with [imits of overall vibration velocity for the crosshead guide of a

pressor is shown in Figure C.2.
VRMS
16 I
14 Zone D
12 / \
/ Zone C \
10
8 £
/ Zone B \
6 / N
// / Zone A \ \\
* 175 R NANY
N A
/ N
0
2 10 200 1000 f

RMS vibration velocity, in mm/s
frequency, in Hz

compressor

© ISO 2018 - All rights reserved

horizontal

Figure C.2 — Overall vibration velocity limiting curve for the crosshead guide of a hgrizontal
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Annex D
(informative)

Root-mean-square value, peak value and crest factor

D.1 General

The root-njean-square (RMS) value as used in this document is a much more consistent measur
sinusoidal data dominate the energy content in this type of calculation.

A disadvaritage of the RMS value is that short duration spikes in the vibration signal (e¢specially in
accelerations), which can be audible in nature (knocking), do not have much energy @nd, therefore,
not necessprily represented in an RMS measurement. Large-amplitude acceleration spikes also H
small vibration displacement and vibration velocity values due to the integration of the measu
vibration acceleration signals.

Spikes in g vibration signal can indicate, for example, possible large,local stresses in a part of
compressol system, or looseness of internal or external components,{The peak value of a vibra
signal is, fgr that reason, a better measure to detectlooseness and tg represent the stress due to the
that the pepk value is proportional to the cyclic stress in the material.

There is n¢t a simple mathematical relation between RMS and peak value; however, crest factors
be a usefullway to convert an RMS vibration value into a péak value. The RMS vibration value from
document fan be converted to a peak vibration value if the crest factor is measured.

In this anngx, root-mean-square, peak and crest factor values are explained and can be used to indi
the relatiopship between RMS vibration value and\peak vibration value.

D.2 Root-mean-square value, peakvalue and crest factor

D.2.1 Ropt-mean-square value

The root-nfean-square or RMS-value Urpms of a vibration signal is given by

T
1
Unts = ?_([uz(t) dt (

where

E as

the
are
ave
red

the
Fion
fact

can
Lhis

Cate

D.1)

u(t) 1sthe time-dependent vibration signal;

T is the averaging time.

NOTE The RMS value defined by Formula (D.1) is also named true RMS value.

D.2.2 Peak value

The peak value U of a vibration signal u(t) is the maximum value during a specified time interval.

NOTE1 The peak value of a vibration is usually taken as the maximum deviation of the vibration from its
mean value. A positive peak value is the maximum positive deviation and a negative peak value is the maximum

negative deviation.
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NOTE 2  Other conventions for peak values are used which are not in accordance with Internationa
such as the following:

I Standards,

— True Peak (tP) [also named peak (p) or zero-to-peak (0-p)] is defined as the difference between the maximum
and minimum values of a vibration signal during a specified time interval divided by 2 and, in this respect, the
True Peak definition differs from the peak value definition in ISO 2041.

— Pseudo Peak (pP) [also named calculated peak (cP) or derived Peak (dP)]: pP = V2 Urwms. Pseudo Peak is
based on the conversion between peak and RMS for a single sine wave. While Pseudo Peak has no direct
mathematical relationship with a complex waveform, it is often used as a quick reference between RMS and peak.
Such relationship can be useful, keeping in mind that a Pseudo Peak value can be smaller (e.g. triangle, saw tooth),

equ

al (nva cino) arlargar (o g capara hlasl thopn o Teyo Daalr yalug
SHE 1ot Fe-Bro6+tHaha—TFderrearkvarte:

D.2

The
in H

NO'I
app
NOT
reci

are
larg

NO1I
cres

3 (puresine) FEer{o-g-squa
.3 Crest factor

crest factor Cr of a vibration signal is the ratio of the peak value U to the RMS ¥alue Ur

ormula (D.2):
U

Urms

Cr

E1 Several other definitions of crest factor can be used, e.g. morethan one (true) peak value i
ied.

E2 Crest factors based on true peak values typically range from 2 to 4 based on measu
procating compressor systems if minimal impacting is occutring. They can be several times larg

er crest factors.

t factor of \/E .

©IS

Ms as given

(D.2)
5 commonly

rements for
er if objects

responding to strong impact forces. Other types of positive displacement compressors or pumpps can have

E3  Objects that are dominated by a pure toné&resonance (e.g. small bore attachments) neafr a sinusoid

02018 - All rights reserved

27


https://standardsiso.com/api/?name=b53ee4c9a158b565d5cf76dcb26e3e7e

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Measurements
	4.1 Measurement procedure
	4.2 Measuring instrumentation and measured quantities
	4.3 Locations and direction of measurements
	4.3.1 Locations
	4.3.2 Direction of measurements
	4.4 Operating conditions
	4.5 Record of measured results
	5 Vibration criteria
	5.1 Measuring quantities
	5.2 Evaluation zones
	5.2.1 General
	5.2.2 Acceptance criteria
	5.3 Guidance values for acceptable overall vibration values (2 Hz to 1 000 Hz)
	5.3.1 Guidance value tables for displacement, velocity and acceleration
	5.3.2 Vibration values and the effect of mountings and foundations
	5.3.3 Vibration values for horizontal compressors
	5.3.4 Vibration values for vertical compressors
	Annex A (normative)  Measurement information requirements
	Annex B (informative)  Curves with overall limits of vibration velocity values
	Annex C (informative)  Measurement of vibration values on the crosshead guide
	Annex D (informative)  Root-mean-square value, peak value and crest factor
	Annex E (normative)  Small bore connections (SBC)
	Bibliography

