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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 neededfor
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

This International Standard is based on the 7th edition of the American Petroleum Institute standard API 617.

Users of this International Standard should be aware that further or differing requirements may be
needed for individual applications. This International Standard is not intended to inhibit a supplier
from offering, or the purchaser from accepting alternative equipment or engineering solutions for the
individual application. This may be particularly appropriate where there is innovative or developing
technology. Where an alternative is offered, the supplier should identify any variations from this
International Standard and provide details.

An
req

isterisk (*) at the beginning of the paragraph of a clause or subclause indicates that either3
1ired or further information is to be provided by the purchaser. This information should b|

on dlata sheets or stated in the enquiry or purchase order (see examples in [SO 10489-2:201

ISO
Thi

Anr

10439-3:2015, Annex A, and I1SO 10439-4:2015, Annex A).

5 International Standard includes the following annexes:

Annex A: Procedure for the determination of residual unbalance;
Annex B: Typical shaft end seals;

Annex C: Requirements for lateral analysis reports;

Annex D: Requirements for torsional analysis reports;

Annex E: Magnetic bearings;

Annex F: Dry gas seal testing at manufacturer’s shop;

Annex G: Guidelines for anti-surge systems;

Annex H: Typical bid tab template.

ex A, Annex C, Annex D, AnneX £, and Annex F form a normative part of this part of

Anr

ex B, Annex G, and Annex H are for information only.
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Petroleum, petrochemical and natural gas industries —
Axial and centrifugal compressors and expander-
compressors —

Part 1:
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Scope

5 International Standard specifies minimum requirements and gives re¢cgmmendatior
pressors, single-shaft, and integrally geared process centrifugal cempressors, and
pressors for special purpose applications that handle gas or preocess air in the

5 International Standard does not apply to fans (these are coveted by API 673) or blowers t
than 34 kPa (5 psi) pressure rise above atmospheric pressure. This International Standan
apply to packaged, integrally geared centrifugal plantyand instrument air compressors
bred by AP1672. Hot gas expanders over 300 °C (570 °F)dre not covered by this Internationd

5 part of ISO 10439 contains information pertinent to all equipment covered by the oth
10439. It shall be used in conjunction with the following parts of ISO 10439, as applid
Cific equipment covered:

[SO 10439-2;
[SO 10439-3;
[SO 10439-4.

Normative references
following documents, in whole or in part, are normatively referenced in this docume

rences, thelatést edition of the referenced document (including any amendments) applig

E Typical documents submitted as a userinquiry or order are user specifications, industry sp
h as/ISO-and API specifications), data sheets, meeting notes, and supplemental agreements.

s for axial
expander-
petroleum,

rochemical, and natural gas industries. This part of ISO 10439 specifies general requirements
appllicable to all such machines.

hat develop
d also does
which are
] Standard.

er parts of
able to the

nt and are

spensable forlits application. For dated references, only the edition cited applies. F¢r undated

S.

pcifications,

ISO

261, IS0 general purpose metric screw threads — General plan

ISO

6708, Pipework components — Definition and selection of DN (nominal size)

[SO 7005-1, Pipe flanges — Part 1: Steel flanges for industrial and general service piping systems

ISO

7005-2, Metallic flanges — Part 2: Cast iron flanges

ISO 8068, Lubricants, industrial oils and related products (class L) — Family T (Turbines) — Specification
for lubricating oils for turbines

ISO 21940-32, Mechanical vibration — Rotor balancing — Part 32: Shaft and fitment key convention

ISO 10438 (all parts), Petroleum, petrochemical and natural gas industries — Lubrication, shaft-sealing
and control-oil systems and auxiliaries

© ISO 2015 - All rights reserved
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ISO 10441, Petroleum, petrochemical and natural gas industries — Flexible couplings for mechanical power
transmission — Special-purpose applications

ISO 14839-3, Mechanical vibration — Vibration of rotating machinery equipped with active magnetic
bearings — Part 3: Evaluation of stability margin

ISO 15156-3, Petroleum and natural gas industries — Materials for use in H2S-containing environments in
oil and gas production — Part 3: Cracking-resistant CRAs (corrosion-resistant alloys) and other alloys

[EC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas atmospheres

LLICNA)

EN55011,
characteriy

EN 61000-
industrial 4

API 613, Sp
ASME B1.1
ASME B16.
ASME B16.
ASME B16.
ASME B16.
ASME B16.
ASME B1.2
ASTM A24

ASTM A39
elevated t¢g

ASTM E12
ASTM E16
ASTM E70
AWS D1.1,

NACE MRO
petroleum

NACE SP04

. £ H £ Il £ fia dics Lo
I (‘.AJI"J T MMIUJI Cblucllb_y CqullJl’lCllL iccocor Ullluyllcblb uroctur vy

tics — Limits and methods of measurement

rdustriatsetentiffeandnedica
6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Imiminity
nvironments
ecial purpose gear units for petroleum, chemical, and gas industry services
Unified inch screw threads (UN and UNR thread form)
1, Grey iron pipe flanges and flanged fittings (Classes 25, 125, and 250)
11, Forged fittings, socket-welding and threaded
12, Ductile iron pipe flanges and flanged fittings (Classes 150 and 300)
47, Large diameter steel flanges NPS 26 through NPS 6Q'metric/inch standard
5, Pipe flanges and flanged fittings NPS Y2 through-NPS 24 metric/inch standard
0.1, Pipe threads, General purpose (Inch)
, Standard test method for evaluating the-microstructure of graphite in iron castings

5, Standard specification for fertitic ductile iron pressure-retaining castings for us
imperatures

b, Standard reference photogrdphs for magnetic particle indications on ferrous castings
b, Standard practice forliquid penetrant examination for general industry

D, Standard guidefor-magnetic particle testing

Structural wélding code

103, Standard material requirements — Material resistant to sulfide stress cracking in corro
refining-environments

nce

for

b at

sive

ents

72, Methods and controls to prevent in-service environmental cracking of carbon steel weldm

in corrosive petroleum refining environments

NFPA 70, National electrical code

SAE ]518, Hydraulic flanged tube, pipe, and hose connections, four-bolt split flange type

3 Term

s, abbreviated terms and definitions

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

© ISO 2015 - All rights reserved
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3.1.1

anchor bolts

bolts used to attach the mounting plates to the supportstructure (concrete foundation or steel structure)
cf. hold-down bolts (3.1.11)

3.1.2
axially split joint
joint split with the principal face parallel to the shaft centreline

3.1.3
cartridge bundle assembly
<ceptrifugal> assembly consisting of the complete compressor assembly minus the casing

Note¢ 1 to entry: It includes the inner barrel assembly, end heads, seals, bearing housings, and. beailings. It also
inclpides the rotor assembly. It is designed to be shop assembled, ready for insertion into thé ¢asing fo minimize
instpllation work in the field.

3.14
cerfified point
point to which the performance tolerances shall be applied

Notg 1 to entry: This is usually the normal operating point and suppliers will normally require that[this point is
witlin their preferred selection range.

3.15
complex stiffness
notation for the total equivalent stiffness and damping expression, including the cross-coupl¢d terms as
reqpired for the hydrodynamic bearing or squeeze dafper oil film

3.1l6
compliant seal
sea) design that allows rotor or rotor sleeve, contact and possible stator element penetratipn without
excessive loss of sealing performance

3.17
compressor rated point
intersection on the 100 % speedeurve corresponding to the highest capacity of any specified operating point

3.1{8
coerressor section
series of one or more‘impellers with defined external process conditions (i.e. side streams, |bypassing,
or ihjection)

Note 1 to entr{>This is generally a derived point rather than an actual operating point (see [Figure 1 in
ISO[10439-2:2015 for a graphical representation).

3.19
crifical speed
shaft rotational speed at which the rotor-bearing support system is in a state of resonance

3.1.10
design
manufacturers’ calculated parameter

Note 1 to entry: This is a term used by the equipment manufacturer to describe various parameters such as design
power, design pressure, design temperature, or design speed. It is not intended for the purchaser to use this term.

3.1.11

bull gear

gear wheel

lowest speed rotor in a gearbox cf. pinion(s) (3.1.34)

© IS0 2015 - All rights reserved 3
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3.1.12
gearing

pinion(s) and gear wheel combination(s)

Note 1 to entry: A gear mesh is a pinion and gear wheel that operates together. A gear wheel may mesh with more
than one pinion and, therefore, be part of more than one gear mesh.

3.1.13

hold-down bolts
bolts holding the equipment to the mounting plate cf. anchor bolts (3.1.1)

3.1.14
hydrodyn

bearings that use the principles of hydrodynamic lubrication

Note 1 to e
support the

3.1.15
hysteresis
<internal f|

loading; thiis phase difference produces the characteristic hysteric loop on‘a stress-strain diagram

thus, a pot

3.1.16

inlet volumetric flow
xpressed in volume flow units at the conditions of pressure, temperature, compressibillity,

flow rate €
and gas co

Note 1 to enfr
volume flo;]}t any particular location such as interstage imipeller inlet or discharge or machine inlet or disch3

Actual volu

3.1.17

inner bari
<centrigug
of the floy
diaphragm

3.1.18
low tempe

service whiere the specified minimum design metal temperature is below -29 °C (-20 °F)

3.1.19
maximum
maximum
to which th

hmic bearings

htry: The bearing surfaces are oriented so that relative motion forms an oil wedge, or wedge
load without shaft-to-bearing contact.

damping
Fiction> causes a phase difference between the stress and strain if-any material under cy

entially destabilizing damping force

mposition, including moisture content, at the machite inlet flange
y: Inlet volumetric flow is a specific example of actual volumetric flow. Actual volumetric flow if

etric flow should not be used interchangeably therefore with inlet volumetric flow.

el assembly

al> assembly consisting of the internal stationary parts that make up the removable por
ypath, including the innersbarrel, the diaphragms, the impeller eye labyrinths, and
labyrinths

rature service

allowable temperature
Continuous temperature for which the manufacturer has designed the equipment (or any |
e térm is referred)

5, to

clic
hind,

the
rge.

fion
the

part

Note 1 to entry: The maximum allowable temperature is usually set by material considerations.

3.1.20

maximum allowable working pressure
maximum continuous pressure for which the manufacturer has designed the equipment (or any part to
which the term is referred)

Note 1 to entry: Normally expected operating conditions can be based on settling-out pressure, maximum suction
pressure plus the maximum developed differential pressure at the maximum speed (trip speed) or may be limited
by relief valve set pressure or other means.

© ISO 2015 - All rights reserved
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21

maximum continuous speed
highest rotational speed (revolutions per minute) at which the machine, as-built and tested, is capable
of continuous operation

3.1.

22

maximum inlet pressure
highest specified inlet pressure the equipment shall be subject to

3.1.

23

maximum sealing pressure

highest pressure the seals are required to seal during any specified static or operating cen

dur

3.1

ing start-up and shutdown

24

minimum allowable speed

low

3.1

bst speed (revolutions per minute) at which the manufacturer’s design shall permit continuou

25

minimum design metal temperature:

low]
refi

3.1
mo
rot

31
mo
aux

Not

3.1
mo
dev|

31

est mean metal temperature (through the thickness) expected,\including operation u
igeration, and temperature of the surrounding environment

26

lular rotor

r which is built up using stub shafts or similar devices.and held together by one or more th
27

ment simulator

iliary device intended to simulate the momeft of the mass of a half coupling

e 1 to entry: A moment simulator can also be designated to serve as an idling adapter (solo plate)
28

inting plate(s)

ice used to attach equipmentto concrete foundations; this is either baseplate(s) or solepl

29

normal operating point

poil

Not
tole

3.1

1t at which usual operation is expected and optimum efficiency is desired

e 1 to entry: This,point is usually the point at which the supplier certifies that performance i
Fances stateddn-this part of ISO 10439.

30

normal speed

spe

bd Corresponding to the requirements of the normal operating condition

litions and

s operation

psets, auto

rough bolts

ates

within the

3.1.

31

NPS
nominal pipe size
dimensionless value approximately equal to the diameter in inches

EXAMPLE NPS 3/4

Note 1 to entry: Adapted from ASME B 31.3-2002, 300.2.

Note 2 to entry: The number following the letters NPS does not represent a measurable value.

Note 3 to entry: NPSis a designation of pipe size only. The pipe end may be threaded or prepared for a welded fitting.

© ISO 2015 - All rights reserved
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3.1.32

observed

<tests and inspections> inspection or test where the purchaser is notified of the timing of the inspection
or test, and the inspection or test is performed as scheduled even if the purchaser or his representative
is not present

3.1.33
overload
highest flow point at which the predicted curve terminates on a speed line

3.1.34
pinion(s)
high-speed rotor(s) in a gearbox cf. bull gear (3.1.11)

3.1.35
PN

nominal piressure
numerical fesignation relating to pressure that is a convenient round number for réference purposes

EXAMPLE | PN 100 [ISO 7268]

Note 1 to enftry: The permissible working pressure associated with a PN designation depends upon the materfials,
design, and working temperature and has to be selected from the pressure/temperature rating tables in
correspond|ng standards.

3.1.36
pressure ¢asing
composite pfall stationary pressure-containing parts of theuit, including all nozzles and other attaghed
parts that [solates process gas from the atmosphere

3.1.37
purchaser
agency thi[ issues the order and specification to the supplier

Note 1 to enftry: The purchaser may be the ownérof the plant in which equipment is to be installed or the owner’s
appointed agent.

3.1.38
radially split
split with the joint perpendicularto the shaft centreline

3.1.39

rated speed
100 % spged
highestrotptional speed (revolutions per minute) required to meetany of the specified operating conditfons

3.1.40
relief valve'set pressure
pressure at which a reliet valve starts to lift

Note 1 to entry: For information on relief valves, see API RP 520.

3.141

service factor

<gear> factor that is applied to the tooth pitting index and the bending stress number, depending
upon the characteristics of the driver and the driven equipment, to account for differences in potential
overload, shock load, and/or continuous oscillatory torque characteristics

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=0ec1ab8c0c61e528c7bc46b50925aa56

ISO 10439-1:2015(E)

3.1.42
settling-out pressure
highest pressure which the compressor experiences when the compressoris notrunning and equilibrium

has

been reached

Note 1 to entry: Determination of settling-out pressure requires consideration of the trapped volume of
gas throughout the compressor and its associated piping system. This includes all gas trapped between the
downstream valve and the upstream valve after a compressor is shut down.

3.1.
sha

43
ft end seal

progess gas seal on the shait which restricts leakage oI process gas to the atimosphere

bed control

in critical

og decs) of

3.144
sloy roll
spegd less than 5 % of the normal operating speed or the minimum speed permittedby the sp
3.145
soleplate
platle attached to the foundation, with a mounting surface for equipment or for a baseplate
3.146
special purpose application
application for which the equipment is designed for uninterrupted, continuous operation
seryice and for which there is usually no installed spare equipment
3.147
special tool
tool which is not a commercially available catalogue‘item
3.148
stability analysis
deteérmination of the natural frequencies and the corresponding logarithmic decrements (1
the|damped rotor/support system using-a complex value analysis
3.149
stahdard volume flow
flow rate expressed in volume-flow units at standard conditions as follows:
[SO|standard (normal)conditions
floy: normal cubic meters per hour (Nm3/h)
normal cubic meters per min (Nm3/min)
prepgsure; 1,013 bar absolute
temperature: 0 °C
humidity: 0%

US customary standard conditions

flow: standard cubic ft per min (scfm)

million standard cubic ft per day (mmscfd)

pressure: 14,7 PSIA
temperature: 60 °F
© ISO 2015 - All rights reserved
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humidity:

0%

Note 1 to entry: There are no universally accepted conditions for normal or standard cubic meters; therefore,
their reference pressure and temperature should always be spelled out, i.e. m3/h 0 °C, 1,013 bar absolute.

Note 2 to entry: Due to the lack of uniformity on standard conditions, standard volume flow is not a preferred unit

and, if speci

3.1.50
structure

fied, should be given in conjunction with actual mass flow to avoid confusion.

stiffness and damping

bearing housing to ground equivalent complex stiffness

3.1.51
surge
instability

3.1.52

synchrongus tilt-pad coefficients

complex fr

3.1.53
supplier

manufactufrer or manufacturer’s agent that supplies the equipment

3.1.54
support st
equivalent
oil film ch4

3.1.55

tooth pitting index

surface du
and gear rz:

3.1.56
TIR

total indig
total indid
difference
a face or cy

Note 1 to er
For a flat f4
is not cyling
surface irre

3.1.57

which occurs in a centrifugal or axial compressor at low volumetric flow

bquency dependent coefficient with the frequency equal to the rotational speed of the sh

iffness and damping
oil film to ground complex stiffness characteristics; pivot stiffness should be included in|
racteristics

rability rating factor that is determined)by the tangential load, pitch diameter, face wi
itio

ator reading

ator runout

between the maximumiand minimum readings of a dial indicator or similar device, monito
lindrical surface darinig one complete revolution of the monitored surface

try: For a cylindrical surface, the indicated runout implies an eccentricity equal to half the reag
ce, indicatedzuriout implies an out-of-squareness equal to the reading. If the diameter in ques
rical or flatythe interpretation of the meaning of TIR is more complex and may represent ovalit
pularitjes:

trip speed

hft

the

dth,

[ing

ing.
tion
y or

<electric motor driver> speed corresponding to the synchronous speed of the motor at maximum supply
frequency at the motor terminals

3.1.58

trip speed
<turbine, engine, expander, hydrostatic driver> speed at which the independent emergency overspeed
device operates to shut down the driver

3.1.59
turndown

percentage of change in capacity (referred torated capacity) between the rated capacity and the surge point
capacity at the rated head when the unit is operating at rated suction temperature and gas composition
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3.1.60
ultimate load rating

<hydrodynamic thrust bearing> load that shall produce the minimum acceptable oil film thickness
without inducing failure during continuous service, or the load that shall not exceed the creep initiation
or yield strength of the babbitt or bearing material at the location of maximum temperature on the pad,

whichever load is less

3.1.61
unit responsibility

obligation for coordinating the documentation, delivery, and technical aspects of the equipment and all

auxijliary systems included in the scope of the order

3.1/62

withessed (tests and inspections)

<tests and inspections> inspection or test where the purchaser is notified of the timing of thelinspection

or testand a hold is placed on the inspection or test until the purchaser or the puréhaser’s representative

is in) attendance

3.2 Abbreviated terms

Ac1 amplitude at N¢1, pm (mil)

Amidx maximum probe response amplitude {p;p) considering all vibration [probes,
over the range of Nypa to Ny, for théaunbalance amount/case being donsidered,
pum (mil)

AF amplification factor (refer to-API RP 684 and Figure 2)

AF{ amplification factor of thefirst critical speed, defined as: AF1 = N¢1/[N2-N1)

AMB active magnetic beaning

API American Petréleum Institute

ASNE American Society of Mechanical Engineers

ASNIE code ASME boiler and pressure vessel code

ASTM American Society for Testing and Materials

Avl the mechanical test vibration limit defined in 4.8.2.10, um (mil)

AWE American Welding Society

ccw counter clockwise (rotation)

CSR critical speed ratio, defined as: CSR = Ny ¢/FCSR

cw clockwise (rotation)

cf (Latin conferre) confer or compare — cross reference

DN nominal diameter

) logarithmic decrement

04 minimum log decrement at the anticipated cross coupling for either minimum

or maximum component clearance

Op basic log decrement of the rotor and support system only
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&f log decrement of the complete rotor support system from the Level Il analysis

FCSR first undamped critical speed on rigid supports, r/min

IEC International Electrotechnical Commission

ISO International Organization for Standardization

MAWP maximum allowable working pressure

MCS maximum continuous speed

N operating speed, r/min

Necn rotor nth critical speed, r/min

Nc1 rotor first critical speed, r/min

Nma minimum allowable speed, r/min

Nmc maximum continuous speed, r/min

N1 initial (lesser) speed at 0,707 x peak amplitudesr/min

N2 final (greater) speed at 0,707 x peak amplitudg, r/min

NACE International National Association of Corrosion Engineers

NFPA National Fire Protection Association

PPM proactive preventive maintenance

OEM Original Equipment Manufacturer

Qa anticipsated cross coupling for the rotor, kN/mm (klbf/in), defined as:
Q4= dai

i=1

Qo minimum cross coupling needed to achieve a log decrement equal to zero fqr
eitherminimum or maximum component clearance, KN/mm (klbf/in)

Ja ¢ross coupling defined in Formula (7) or (8) for each stage or impeller, kN/fam
(klbf/in)

Rout combined mechanical and electrical runout, pm (mil)

Pave average gas density across the rotor, kg/m3 (1b/ft3)

S number of stages or impellers

San actual separation for nth critical speed, r/min

Sa1 actual separation for 1st critical speed, r/min

SM separation margin (see Figure 2)

SM, forced response analysis actual separation margin, %

SMan separation margin for nth critical speed, %
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SMy forced response analysis required separation margin, %

SM1 separation margin for the 1st critical speed, %, = 100 x S31/Nma

STD standard

U, input unbalance for the rotordynamic response analysis, g-mm (0z-in), = 2 x Uy
Uy maximum allowable residual unbalance, g-mm (0z-in)

VDDR vendor (supplier) drawing and data requirements

VFI variable frequency drive (variable speed motor drive)

4 |General

4.1] Dimensions and units

Drawings and maintenance dimensions shall be in SI units or United States customary (USC) units. Use
of an SI datasheet indicates that SI units shall be used. Use of an USC datasheet indicates thajt USC units
shall be used.

NOTE Datasheets for STand USC units are provided in ISO 10439*2:2015, Annex A, ISO 10439-3:20[15, Annex A,
and|ISO 10439-4:2015, Annex A.

4.2 Statutory requirements

The purchaser and the supplier shall determine the measures to be taken to comply with any
governmental codes, regulations, ordinances, directives, or rules that are applicable to the gquipment,
its packaging, and any preservatives used,

4.3| Unit responsibility

The supplier shall assume unit résponsibility for all equipment and all auxiliary systems inclpded in the
scope of the order.

4.4| Basicdesign
4.4]1 General

4.411.1 General requirements relating to performance are given in 4.4.1.1.1 to 4.4.1.1.5.

4.4 1 1 1 The equlpment shall be capable of operatlng within the entlre performance map, at all
spet as— =Tala d3 i 3 edtary surge,
settllng out trlp, and start up

4.4.1.1.2 * The purchaser shall specify all operating conditions for the equipment. Normal operating
point shall be indicated.

NOTE Special operating conditions such as air dry out, field commissioning test run, catalyst regeneration,
etc. can all be specified in order to ensure that operation can satisfactorily be met.

4.4.1.1.3 The compressor shall be designed to deliver normal head at the normal inlet volumetric flow.
Performance tolerances given in the testing sections shall apply.

NOTE1 The purchaser can furnish mass flow which is then converted to volumetric flow by the supplier.
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NOTE 2 If a factory test is not performed, additional measuring tolerances can be considered for field
measurements.

NOTE 3  See 6.3 of the applicable part for performance tolerances.

4.4.1.1.4 The overload condition shall be indicated on performance curves. Unless otherwise agreed,
the sectional overload condition shall be at least 115 % of the rated condition.

NOTE See 3.1.33 for the definition of overload.

4.4.1.1.5

4.4.1.2 Any planned maintenance or inspection that may be required during the 5-year uninterrupted
operation period shall be able to be performed without shutting down the equipment.

NOTE1 Itisrecognized that this is a design criterion.

NOTE 2  Itisrealized that there are some services where this objective is easily attainable’and others whefre it
is difficult.

NOTE3  Auxiliary system design and the design of the process in which this system is installed are yery
important ih meeting this objective.

4.4.1.3 Unless otherwise specified, cooling water systems including’tliose on process coolers shall He in
accordancg with ISO 10438.

NOTE API 614 5th edition is identical to ISO 10438 (all parts):2007.

4.4.1.4 *|The purchaser shall advise the supplier.in;,the inquiry of any specific requirements| for
liquid injeg¢tion.

4.4.1.5 The arrangement of the equipment, in¢luding piping and auxiliaries, shall be developed jointly
by the pur¢haser and the supplier at or befgre‘the coordination meeting. The arrangement shall proyide
adequate clearance areas and safe access for operation and maintenance.

4.4.1.6 *[The applicable electrical’codes and area classification shall be specified.

NOTE Flectrical codes vary widely depending upon the installed location. In the US, one of the goverhing
codes is the[National Electricat:Code document number NFPA 70:2008, Articles 500, 501, 502, 504, and 505. I} the
European Upion, the ATEX (firom the French Atmosphere Explosible) directives, which are statutory law, goyern.
Other counfries generally.aeCept approval by an independent third party which states the equipment confgrms
to the govefning standards. One of the third parties in the US is Underwriter Lab (UL) and in Canada it i the
Canadian Standards*Association (CSA).

4.4.1.7
such as castgeompo
alignment on reassembly.

llcequipment shall be designed to permit rapid and economical maintenance. Major p

NOTE This can be accomplished by the use of shouldering, cylindrical dowels or keys.

4.4.1.8 All components, which are specific as to rotational direction, top or bottom casing half location,
or axial location in the machine shall be designed to prevent incorrect installation.

4.4.1.9 *Theequipmentincludingall auxiliaries shall be suitable for operation under the environmental
conditions specified by the purchaser. These conditions shall include whether the installation is indoors
(heated or unheated) or outdoors (with or without a roof), maximum and minimum temperatures,
humidity, dusty or corrosive conditions, wind loads, and seismic zone.
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4.4.1.10 * Control of the sound pressure level (SPL) of all equipment furnished shall be a joint effort of
the purchaser and the supplier having unit responsibility. The equipment furnished by the supplier shall
conform to the maximum allowable sound pressure level specified. The supplier shall provide expected
values for maximum sound pressure level per octave band for the equipment.

NOTE The installed SPL depends on the installation

4.4.1.11 *If specified, sound power levels based on calculation methods shall be supplied in addition to
sound pressure level based on a free field analysis.

NOTE 1SQ 3740 I1SQ 3744 and I1SQ 3746 or ASME PTC 36 can bhe consulted for gnir‘lnn(‘p 1SQ 10494 can be
consulted for gas turbine drive packages.

4.4{1.12 Unless otherwise specified, the design lubricant shall be hydrocarbon oil of viscosity Grade 32
in accordance with ISO 8068 Type AR.

4.4{2 Speedrequirements

4.4{2.1 The equipment’s maximum continuous speed shall not be less’than 105 % of the ratgd speed for
varfable speed machines (including VFD-controlled electric motors) dnd'shall be equal to the synchronous
spegd for constant speed motor drives.

4.412.2 Theequipment’s trip speed shall not be less than thelimiting speed of the emergencyf overspeed
devjce furnished with the driver. Table 1 provides typical values for various drivers. Purfhaser and
supplier shall agree whether turbine trip speed based gn loss of inertial load applies to the compressor.

Table 1 — Driiver trip speeds

Trip speed
Driver type (% of maximum continu-

ous speed)
Steam Turbine
NEMA€lass Aa 115 %
NEMA Class B, C, Da 110 %
Gas turbine 105 %
Variable speed motor 100 %
Variable speed gear 102 %
Constant speed motor 100 %
Reciprocating engine 110 %

4.412.3 Equipment shall be designed to operate simultaneously at the MAWP and trip speled without
damage, regardless of driver power.

4.4.2.4 Equipment driven by induction motors shall be rated at the actual motor speed for the rated
load condition.

4.4.3 The equipment (machine, driver, and ancillary equipment) shall perform on the test stand and on
their permanent foundation within the specified acceptance criteria. After installation, the performance
of the combined units shall be the joint responsibility of the purchaser and the supplier who has unit
responsibility.

4.4.4 * Many factors (such as piping loads, alignment at operating conditions, supporting structure,
handling during shipment, and handling and assembly at the site) can adversely affect site performance.
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To minimize the influence of these factors, the supplier shall, when requested, review and comment on
the purchaser’s piping and foundation drawings. If specified, the supplier’s representative shall witness

a) acheckofthepipingalignmentperformed by unfasteningthe main process connections ofthe equipment,

b) the initial shaft alignment check at ambient conditions (cold alignment), and

c)
NOTE

the check shaft alignment at the operating temperature (hot alignment).

Referto APIRP 686 for basicguidelines for conducting pipingalignments and shafthotand cold alignments.

*

4.4.5
suitable for
meet the r¢
local codes

dq

NOTE

4.4.6 Sps:

criteria of this standard.

447 *1
parameter

4.5 Mat
4.5.1 Ge

4511 M
site enviro
ISO 10439
specificatid
are genera
shall be cle

4.5.1.2 T
proposal. I
the materi
physical pr

NOTE \
standards ¢

*

4.5.1.3

OTOoTS, generators, INstrumentation, electrical components, and electrical installations sha
the area classification (class, group, and division or zone) specified by the purchaser and-§
quirements of IEC 60079-10-1 or NFPA 70:2008, Articles 500 to 505 as applicable,as we
specified and furnished by the purchaser.

ee4.4.1.6.

re and replacement parts for the machine and all furnished auxiljaries shall meet all

[ specified, the machine or machines shall be suitable foyr field run on air. Performd
, including any required precautions, shall be agreed.

brials
neral

[aterials of construction shall be the manufacturer’s standard for the specified operating
hmental conditions, except as required«or prohibited by the data sheets or by this stand
2:2015, Annex D, ISO 10439-3:2015,Annex D, and ISO 10439-4:2015, Annex D list mate
ns that, when used with appropriate heat treatment or impact testing requirements or b
ly considered acceptable for major component parts. The metallurgy of all major compon
arly stated in the supplier’s¢proposal. See 5.6 for requirements for auxiliary piping materi

he materials of construction of all major components shall be clearly stated in the suppl
Materials shall be ddentified by reference to applicable international standards, inclu
il grade. When np,such designation is available, the supplier’s material specification, gi
pperties, chentical composition, and test requirements, shall be included in the proposal.

Vhere international standards are not available, internationally recognized national or o
hn be used:

Jler's
ing

1 be
hall
las

the

nce

and
ard.
rial
oth,
bnts
hls.

ing

ther

the

The purchaser shall specify any corrosive agents (including trace quantities) present in|

motive an

NOTE 1

process fiutdsin the site environment, INciuding constituents that may cause COIToSIomn.

and polythionic acid.

NOTE 2

running conditions need to be considered.

Typical agents of concern are hydrogen sulfide, amines, chlorides, cyanide, fluoride, naphthenic acid,

Selection of materials is a joint effort between manufacturer and supplier. Conditions including non-

4.5.1.4 The supplier shall specify the optional tests and inspection procedures that may be necessary to
ensure that materials are satisfactory for the service. Such tests and inspections shall be listed in the proposal.

NOTE
critical com

14

ponents or in critical services.

The purchaser can specify additional optional tests and inspections, especially for materials used for
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4.5.1.5 Low-carbon steels can be notch sensitive and susceptible to brittle fracture at ambient or lower
temperatures. Therefore, only fully killed, normalized steels made to fine-grain practice are acceptable for
pressure-containing machine components. The use of steel made to a course austenitic grain size practice
(e.g. ASTM A515) shall not be used.

4.5.1.6 Unless otherwise specified, if hydrogen sulfide has been identified in the gas composition,
materials exposed to that gas shall be selected in accordance with the requirements of NACE MR0103

and where applicable the referenced NACE SP0472.
NOTE1 NACE MRO0103 requires restrictive hardness limits, more restrictive weld qualification procedures,
and i . .

nor
regd

4.5

NOT
ino
edit]

to the introduction of NACE MR0103-2007.

NO1
has
proj

NOT
4.5
strd

by v
me¢

NOT

4.5,
fabr

NOT

and
cory

4.5

Itis the responsibility of the purchaser to determine the amount of H,S that may be present,
al operation, start-up, shutdown, idle standby, upsets, or unusual operating conditigns; such
neration.

1.7 *If specified, ISO 15156-3 shall be used in place of NACE MR0103.

E1 ISO 15156-3 applies to material potentially subject to sulfide and ¢hloride stress-corros
| and gas production facilities. These are upstream facilities; however,dS0"15156-3 (NACE MR
ions) have been applied to compressors in downstream facilities sincethe fifth edition of API 617

E2 A survey conducted on units built in accordance witlyNACE MRO0175 in previous API ¢
indicated no failures. The more restrictive requirements of NACE MR0103 may therefore not be
ride sufficient protection against corrosion.

E3 NACE MR0175-2008 is identical to ISO 15156x3:

1.8 Ferrous materials not covered by NACEF MR0103 or ISO 15156-3 shall have a max
ngth of 620 N/mm?2 (90 000 psi) and a maximum Rockwell hardness of HRC 22. Component
velding shall be postweld heat treated, if required, so that both the weld and the heat-affe
t the yield strength and hardness reguirements.

E NACE MR0175-2008 is identical to ISO 15156-3.

1.9 Ifaustenitic stainless'steel parts exposed to conditions that can promote intergranular cq
icated, hard faced, overlaid, or repaired by welding, they shall be made of low-carbon or stabil
E Overlays or hard surfaces that contain more than 0,10 % carbon can sensitize both

osion is applied.

1.10 Austenitic steels shall not be used in services where stress-corrosion cracking is a p

considering
as catalyst

on cracking
D175 earlier
[1988) prior

17 editions
required to

mum yield
L fabricated
cted zones

rrosion are
zed grades.

low-carbon

stabilized grades of austenitic stainless steel, unless a buffer layer that is not sensitive to intergranular

pssibility.

4.5

111 Materials that have a yield strength in excess of 827 MPa (120 000 psi) or hardneg

s in excess

of

ockwell C 34 are prohibited for use in hydrogen gas service where the partial pressure of hydrogen

exceeds 689 kPa (100 psi gauge) or the hydrogen concentration exceeds 90 molar per cent at any pressure.

4.5.1.12 External parts that are subject to rotary or sliding motions (such as control linkage joints and
adjusting mechanisms) shall be of corrosion-resistant materials suitable for the site environment.

4.5.1.13 Minor parts such as nuts, springs, washers, gaskets, and keys shall have corrosion resistance at
least equal to that of specified parts in the same environment.

4.5.1.14 Where mating parts such as studs and nuts of austenitic stainless steel or materials with
similar galling tendencies are used, they shall be lubricated with an anti-seizure compound of the proper
temperature specification and compatible with the specified process fluid(s).
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NOTE Anti-seizure compounds can alter friction factors and are considered in specified torque loading in
order to achieve the necessary preload.

4.5.1.15 O-ring materials shall be compatible with all specified services. Special consideration shall be
given to the selection of O-rings for high-pressure services to ensure that they are not damaged upon
rapid depressurization (explosive decompression). For vertically split case designs, the supplier shall
state the maximum allowable depressurizing rate of the compressor casing required to prevent explosive
decompression of the O-ring material supplied.

NOTE Susceptibility to explosive decompression depends on the gas to which the O-ring is exposed, the
compoundi g of the elastomer femperature of exposure the rate of dprnmprpqqinn and the number of cycles.

4.5.1.16 *|If specified, copper or copper alloys shall not be used for parts of machines or auxiliaries
in contact [with process fluids. Nickel-copper alloy (UNS N04400), bearing babbitt, and preeipitation
hardened dtainless steels are excluded from this requirement.

NOTE ertain corrosive fluids in contact with copper alloys have been known to form explosive compoujnds.

4.5.1.17 *|Coatings

If specified, mutually acceptable coatings shall be applied to the rotating and/or stationary compongnts
in the gas |path. When coatings are applied to rotating components, the acceptance balance shall be
made after{coatings have been applied. The sequence of procedures for balancing and coating of rotafing
componen{s shall be agreed.

NOTE1 [t is advisable to pre-balance in order to minimize balance corrections and subsequent repair to
coating aregs for the final acceptance balance. By minimizing the.atea repaired, a final check balance after rejpair
may not be fequired.

NOTE2  APIRP 687:2009, Chapter 1 Appendix L is an informative tutorial on coatings.
4.5.1.18 Ppsitive material identification (PMI)

4.5.1.18.1|* The extent of PMI testing shall'be specified for materials, welds, fabrications, and piging.
This shall Be fully defined, including any.sampling requirements.

4.5.1.18.2|When PMI is specified; techniques providing quantitative results shall be used.

4.5.1.18.3|Mill test reportspmaterial composite certificates, visual stamps, or markings shall not be
considered as substitutes for PMI testing.

4.5.1.18.4|PMI results shall be within governing standard limits with allowance for the accuracy of{the
PMI devicelas speeified by the device manufacturer.

4.5.1.19 Low-temperature Service

NOTE See 3.1.18.

4.5.1.19.1 Pressure casings and rotating elements shall be designed with materials that comply with the
paragraphs included in this section.

4.5.1.19.2 *Ifspecified, other components of the machinery train shall also be evaluated for the prevention of
brittle fracture due to materials exhibiting change from ductile to brittle fracture as temperatures are reduced.

4.5.1.19.3 *The purchaser shall specify the minimum design metal temperature and concurrent pressure
used to establish impact test and other material requirements.
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NOTE Normally, this is the lower of the minimum surrounding ambient temperature or minimum fluid
pumping temperature; however, the purchaser can specify a minimum design metal temperature based on
properties of the pumped fluid, such as autorefrigeration at reduced pressures.

4.5.1.19.4 To avoid brittle failures, materials and construction for low-temperature service shall be
suitable for the minimum design metal temperature and concurrent pressure in accordance with the codes
and other requirements specified. The purchaser and the supplier shall agree on any special precautions
necessary with regard to conditions that may occur during operation, maintenance, transportation,
erection, commissioning, and testing.

NOTE A gnnd dpqign practice includes the selection of fabrication methods wplding proc edures, and
matgrials for supplier-furnished steel pressure retaining parts that may be subject to temperattirgs below the
ductile-brittle transition temperature. The published design-allowable stresses for materials in‘internationally
recdgnized standards such as the ASME Code and ANSI standards are based on minimum tensjle’properties.

4.5/1.19.5 All carbon and low-alloy steel pressure-containing components for lgw-temperature service
inclpding nozzles, flanges, and weldments shall be impact tested in accordance\with the requjrements of
Section VIII, Division 1, Sections UCS-65 to 68, of the ASME Code or equivalent standard. High-alloy steels shall
be tpsted in accordance with Section VIII, Division ], Section UHA-51, of the ASME Code or equivalent standard.

NOTE1 In some situations, impact testing of a material is not necessary depending on the minipnum design
metpl temperature, thermal, mechanical, and cyclic loading, and the governing thickness. Refer to r¢quirements
of Section VIII, Division I, Section UG-20F of the ASME Code, for example.

NOTE 2  Design codes other than ASME can require additional.certification and material testing.

4.5{1.19.6 Governing thickness used to determine inipact testing requirements shall be thg greater of
the[following:

a) [the nominal thickness of the largest butt-welded joint;

b) [the largest nominal section for pressure containment, excluding
1) structural support sectionsstich as feet or lugs,

2) sections with increased'thickness required for rigidity to mitigate shaft deflection, pnd

3) structural sections required for attachment or inclusion of mechanical features such as jackets
or seal chambers;

c) |one-fourth of the*nominal flange thickness, including parting flange thickness for ajxially split
casings (in recognition that the predominant flange stress is not a membrane stress).

The results ef\the impact testing shall meet the minimum impact energy requirements of Section VIII,
Divjsion l,<Section UG-84, of the ASME Code or equivalent standard.

4.5{1:19.7 For materials and thicknesses not covered by Section VIII, Division | of the ASNIE Code or
equivalent standards, the purchaser shall specity the requirements.

4.5.2 Castings

4.5.2.1 Castings shall comply with material specification requirements regarding porosity, hot tears,
shrink holes, blow holes, cracks, scale, blisters, and similar injurious defects. Surfaces of castings shall be
cleaned by sandblasting, shotblasting, chemical cleaning, or other standard methods. Mould-parting fins
and the remains of gates and risers shall be chipped, filed, or ground flush.

4.5.2.2 The use of chaplets in pressure castings shall be held to a minimum. Where chaplets are
necessary, they shall be clean and corrosion free (plating is permitted) and of a composition compatible
with the casting.
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4.5.2.3 Pressure-containing ferrous castings shall only be repaired as specified in 4.5.2.3.1 to 4.5.2.3.3.

4.5.2.3.1 Weldable grades of steel castings shall be repaired, using a qualified welding procedure based
on the requirements of the appropriate pressure vessel code such as Section VIII, Division 1 and Section
IX of the ASME Code. After major weld repairs and before hydrotest, the complete repaired casting shall
be given a postweld heat treatment to ensure stress relief and continuity of mechanical properties of both
weld and parent metal and dimensional stability during subsequent machining operations.

4.5.2.3.2 Cast grey iron may be repaired by plugging within the limits specified in ASTM A278,
ASTM A395, or ASTM A536. The holes drilled for plugs shall be carefully examined, using liquid penetrant,
to ensure that all defective material has been removed.

4.5.2.3.3 [Allrepairsthatare notcovered by ASTM specifications shall be subject to the purchaser’sapprgval.

4.5.2.4 (ored voids, which become fully enclosed by methods such as plugging, welding, or assenjbly,
are prohibited.

4.5.2.5 All ductile (Nodular) iron castings shall be produced in accordance@ith ASTM A395 or other
equivalentjinternationally recognized standard as approved. The productiontof'the castings shall confprm
to the conditions specified in 4.5.2.5.1 to 4.5.2.5.4.

4.5.2.5.1 |[The keel or Y block cast at the end of the pour shall have.a‘thickness not less than the thickiess
of critical dections of the main casting. This test block shall be tested for tensile strength and hardiess
and shall be microscopically examined. Classification of graphite hodules under microscopic examination
shall be in accordance with ASTM A247. There shall be no intercellular flake graphite.

NOTE ritical sections are typically heavy section changes, high-stress points such as flanges. Normjally,
bosses and pimilar sections are not considered critical seetions of a casting. If critical sections of a casting lhave
different thicknesses, average-sized keel or Y blocks may be selected in accordance with ASTM A395.

4.5.2.5.2 [A minimum of one set (three samples) of Charpy V-notch impact specimens at one-third|the
thickness df the test block shall be made from the material adjacent to the tensile specimen on each keel
or Y block. |All three specimens shall haveran impact value not less than 12 | (9 ft-lbf) and the mean of the
three specimens shall not be less than 14 ] (10 ft-1bf) at room temperature.

4.5.2.5.3 If approved, non-pressurized ductile (Nodular) iron castings may be produced in accorddnce
with ASTM[A536 or other equivalent internationally recognized standard.

4.5.2.5.4 [An “as-cast?sample from each ladle shall be chemically analysed.

4.5.2.5.5 |Brine}*hardness tests shall be made on the actual casting at feasible critical sections quch
as section fhanges, flanges, and other accessible locations. Sufficient surface material shall be remdved
before hardness tests a 2 ests shall also be made at the extremiti
the casting at locations that represent the sections poured first and last. These shall be made in addition
to hardness test on keel or Y blocks in accordance with 4.5.2.5.1.

4.5.3 Forgings

4.5.3.1 The forging material should be selected from those listed in ISO 10439-2:2015, Annex D,
[SO 10439-3:2015, Annex D, and ISO 10439-4:2015, Annex D as applicable.
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4.5.3.2 Pressure-containing ferrous forgings shall not be repaired except as specified in 4.5.3.2.1
and 4.5.3.2.2.

4.5.3.2.1 Weldable grades of steel forgings shall be repaired by welding. Using a qualified welding
procedure based on the requirements of the appropriate pressure vessel code such as Section VIIIL.
Division 1 and Section IX of the ASME Code or the equivalent specified standard. After major weld repairs
and before hydrotest, the complete forging shall be given a postweld heat treatment to ensure stress relief
and continuity of mechanical properties of both weld and parent metal.

4.5.3.2.2 Allrepairs thatare not covered by ASTM specifications shall be subject to the purchaser’s approval.

4.514 Welding

4.54.1 Unless otherwise specified, non-pressurized component welding, such as-welding on|baseplates,
nonpressure ducting, lagging, and control panels, shall be performed and inspected by opg¢rators and
progedures qualified in accordance with AWS D 1.1 or ASME Section IX or other pur¢haser-approved standard.

4.514.2 Welding of piping, pressure-containing parts, rotating partsCand other highly strgssed parts,
weld repairs, and any dissimilar-metal welds shall be performed and inspected by operators and
profedures qualified in accordance with Section VIII, Division d and Section IX of the ASME Code or
purfhaser approved standard such as EN 287 and EN 288 for weld qualifications or proceduies or other
purghaser-approved standards.

4.6 Casings
4.6J1 Pressure-containing casings

4.6]1.1 The pressure casing shall be desighed in accordance with 4.6.1.1.1 or 4.6.1.1.2. The ¢asing joint
bolfing shall be in accordance with 4.6.1:1:4.

4.6]1.1.1 The allowable tensile stress used in the design of the pressure casing (excludipg bolting)
for pny material shall not exceed\0,25 times the minimum ultimate tensile strength for that material at
the [maximum specified operating temperature. For cast materials, the allowable tensile stréss shall be
multiplied by the appropriate’casting factor as shown in Table 2.

Table 2 — Casting factors

Type of NDE Casting factor
Visual, magnetic particle 0,8
and/or liquid penetrant
Spot radiography 09
Uttrasomnic 079
Full radiography 1,0

4.6.1.1.2 Pressure-containing components may be designed with the aid of finite element analysis
provided that the design limits comply with Section VIII, Division 2 of the ASME Code stress intensity as
modified by Formula (1).
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MASI = CSI x (Pch/150) (1)

where
MASI is the maximum allowable stress intensity expressed in kPa (psi);
CSI  isthe code stress intensity expressed in kPa (psi);

Pcn  isthe code hydrotest pressure, expressed in per cent of MAWP.

The manufacturershall state the source of the material properties, such as ASTM aswellasthe cas 'ing
factors appllied in his proposal.

NOTE Refer to ASME Code Section VIII, Div 2 Part AD-140(a) for definition of stress intensity.

4.6.1.1.3 |A corrosion allowance of at least 3 mm (0.12 in) shall be added to the casing thickness used in
4.6.1.1.1 0114.6.1.1.2.

NOTE In general, deflection is the determining consideration in the design of casings. Ultimate tensile or
yield strength is seldom the limiting factor.

4.6.1.1.4 [For casing joint bolting, the allowable tensile stress (as determined in 4.6.1.1.1) shall be ysed
to determinpe the total bolting area based on hydrostatic load and gasket preload as applicable. The preioad
stress shall not exceed 75 % of the bolting material minimum yield, During hydrotest, the bolting preload
stress shall not exceed 90 % of the bolting material minimum yield'and a positive method for measufing
bolting elohgation shall be used. Preload during the assembled, gas leakage test shall not exceed 75 %o of
the bolting|material minimum yield strength.

Thread stress in the nut or case can be the limiting factor and should be evaluated.

NOTE Torque wrenches are not an acceptable way to determine bolt elongation due to variationsin friction faftor.

4.6.1.2 Fpr flammable or toxic gases, compressor casings shall be steel or purchaser-approved alloy.
Expander dasings shall be made of material in ISO 10439-4:2015, Annex D or approved alloy.

4.6.1.3 Fpr air or non-flammable‘gases, casings may be steel, ductile iron, or cast iron matefials
depending|on the following ratings:

4.6.1.3.1 [Ductile iron casifgscan be used up to the flange rating in accordance with ASME B16.42 Class $00.
4.6.1.3.2 [Castironcasings can be used up to the flange rating in accordance with ASME B16.1 Class 250.

4.6.1.4 Jackscréws, guide rods, cylindrical casing-alignment dowels, and/or special tools shall be
provided tp dacilitate disassembly and reassembly. Guide rods shall be of sufficient length to preyent
damage to thetmtermats orcasing studs by thecasing during disassembly amd reassemblytiftimg tugs or
eyebolts shall be provided for lifting only the top half of the casing of axially split casings. When jackscrews
are used as a means of parting contacting faces, one of the faces shall be relieved (counterbored or
recessed) to prevent a leaking joint or an improper fit caused by marring of the face.

NOTE “Special tools” could be extraction rigs for radially split equipment or rollers on the bundles of
these machines.

4.6.1.5 The use of threaded holes in pressure parts of cast iron casings shall be minimized. To prevent
leakage in pressure sections of casings, metal equal in thickness to atleast 12 mm (1/2 in), in addition to
the allowance for corrosion, shall be left around and below the bottom of drilled and threaded holes. The
depth of the threaded holes shall be atleast 1,5 times the diameter of the threaded insert (stud, plug, etc.).
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1.6 The sealing of stud clearance holes to prevent leakage is not permitted.

1.7 Bolting shall be furnished as specified in 4.6.1.7.1 to 4.6.1.7.6.

1.7.1 The details of threading shall conform to ISO 261 or ASME B1.1.

NOTE1 SO 261 covers general metric screw threads and ASME B 1.1 covers general inch series screw threads.
NOTE 2  For the purposes of this provision, ASME B 1.13M is equivalent to ISO 261.

NOTEZS3 (‘.]ncc:ry of terms for screw threadscanbe foundin ASMEB 1812

4.6{1.7.2 Studs shall be supplied on the main joint of axially split casings and boltéd enfl covers of

rad
hex

4.6
box

4.6
ori

4.6
bolt

4.6
AST
B7)

limited, case-hardened carbon steel nuts (such as ASTM A563, Grade A) shall be used.

NOT

4.6
Sec
rep

NOT

4.6
sha
Div

4.6

ally split casings. Studs shall be used instead of cap screws, on all other external joints, ex
hgonal head cap screws are essential for assembly purposes and have been approved by thd

1.7.3 Adequate clearance shall be provided at bolting locations to permit the use o
wrenches.

1.7.4 Supplier shall advise whether bolting that needs to be disassembled for maintenan
mperial thread series.

1.7.5 * If specified, the main casing joint studs and nuts shall be designed for the use g
tensioning. Procedures and extent of special toolinggproevided by the supplier shall be agr

1.7.6 The minimum quality bolting material for pressure joints shall be carbon ste
M A307, Grade B) for cast iron casings and high-temperature alloy steel (such as ASTM A
for steel casings. Carbon steel nuts (such.as’ ASTM A194, Grade 2H) shall be used. Whg

E For low temperature requirements, see 4.5.1.19.

1.8 Materials, casting factors,’and the quality of any welding shall be equal to those 1
ion VIII, Division 1 of the ASME Code or other purchaser-approved standard. The manufac
brt forms, as specified i the code, are not required unless required by regulation.

E For low temperature requirements, see 4.5.1.19.

1.9 Welding of piping, pressure-containing parts, weld repairs and any dissimilar-n
1 be perforined and inspected by operators and procedures qualified in accordance with §
sion 1 and Section IX of the ASME Code or other purchaser approved standard.

2. Casing repairs and inspections

cept where
purchaser.

[ socket or

Ce is metric

f hydraulic
eed.

]l (such as
193, Grade
re space is

equired by
urer’s data

etal welds
bection VIII

4.6.2.1 The supplier shall be responsible for the review of all repairs and repair welds to ensure that
they are properly heat treated and non-destructively examined for soundness and compliance with
the applicable qualified procedures (see 4.6.1.9). Repairs shall be non-destructively tested by the same
method used to detect the original flaw; however, the minimum level of inspection after the repair shall
be by the magnetic particle method in accordance with 6.2.2.4 for magnetic material and by the liquid
penetrant method in accordance with 6.2.2.5 for non-magnetic material.

Unless otherwise specified, procedures for major repairs shall be subject to review by the purchaser
prior to any repair.
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4.6.2.2 The purchaser shall be notified before making a major repair to a pressure-containing part.
Major repair, for the purpose of purchaser notification only, is any defect that equals or exceeds any of the

three criteria defined below:

a)

the depth of the cavity prepared for repair welding exceeds 50 % of the component wall thickness;

b) the length of the cavity prepared for repair welding is longer than 150 mm (6 in) in any direction;

<)

4.6.2.3 Actual repairs shall be made as required by the following documents:

the total area of all repairs to the part under repair exceeds 10 % of the surface area of the part.

the re;l»air of plates, prior to fabrication, shall be performed in accordance with the ASTM stand

a) ard
to whifh the plate was purchased;

b) the repair of castings or forgings shall be performed prior to final machining in accordance with|the
ASTM standard to which the casting or forging was purchased;

c) therepairofafabricated casing or the defect in either a weld or the base metal ofa cast or fabricated
casing} uncovered during preliminary or final machining, shall be perforimed in accordance With
Sectiof VIII of the ASME Code or other purchaser-approved standard.

4.6.2.4 Pressure-containing casings made of wrought materials or cdmbinations of wrought and fast

materials s

4.6.2.4.1
by Section
approved b

4.6.2.4.2

hall conform to the conditions specified in 4.6.2.4.1 to 4.6:2:4.6.

Plate edges shall be inspected by magnetic particle orliquid penetrant examination as requ
V111, Division 1, UG-93 (d) (3) of the ASME Code:Alternative standards may be applied W
y the purchaser.

Accessible surfaces of welds shall be inspected by magnetic particle or liquid penet

examinatidgn after back chipping or gouging and again after postweld heat treatment

red
hen

fant

4.6.2.4.3 [* If specified, the quality control of welds that will be inaccessible on completion of|the
fabrication|shall be agreed on by the purchaser and supplier prior to fabrication.

4.6.2.4.4 |Pressure-containing welds, including welds of the case to horizontal or vertical joint flanges, ghall
be full penefration (complete joint) welds unless otherwise approved by the purchaser prior to any fabricagion.
NOTE This does not apply~to auxiliary connections as described in 4.6.4.3.

4.6.2.4.5 [Casings and-fabrications that require machining to precise dimensions and tolerancef to
ensure ass¢mbly shall be heat treated regardless of thickness.

NOTE The’ASME code does not require all fabrications to be postweld heat treated.

4.6.2.4.6 All pressure-containing welds shall be examined as required by Section VIII, Division 1 of the
ASME Code. Requirements for additional examination shall be agreed.

NOTE

See 4.6.3 for required procedures and acceptance criteria.

4.6.3 Material inspection of pressure-containing parts

NOTE

Refer to 6.2.2 for inspection of non-pressure-containing parts

4.6.3.1 Regardless of the generalized limits presented in this section, it shall be the supplier’s
responsibility to review the design limits of all materials and welds in the event that more stringent
requirements are specified. Defects that exceed the limits imposed in 4.6.3 shall be removed to meet the
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quality standards cited, as determined by additional magnetic particle or liquid penetrant inspection as
applicable prior to repair welding.

4.6.3.2

* If radiographic, ultrasonic, magnetic particle, or liquid penetrant inspection of welds or

materials is required or specified, the procedures and acceptance criteria in Table 3 shall apply, except as
noted (see 6.2.2).

Table 3 — ASME materials inspection standards

the ASME Code

Type of inspection Methods Acceptance criteria
For fabrications For caStings
Radiography Section V, Articles 2 and 22 |Section VIII, Division 1, Section VI, Division
of the ASME Code UW-51 (for 100 % radiog- 1, Appendix 7 of the
raphy) and UW-52 (for spot |ASME Code
radiography) of the ASME
Code
Ultrasonic inspection |Section V, Articles 4,5 and |Section VIII, Division 1, Section VIII, Division 1,
23 of the ASME Code UWS53 and Appendix 12'ef) |Appendix 7 of th¢ ASME

Code

bnetic particle

Section V, Articles 7 and 25

Section VIII, Division'1,

See acceptance c

Fiteria in

inspection of the ASME Code Appendix 6 of the ASME 6.4.16.6 and Table 2
Code

Ligphid penetrant Section V, Articles 6 and 24 |Section VI, Division 1, Section VIII, Division 1,

inspection of the ASME Code Appendix'8 of the ASME Appendix 7 of th¢ ASME
Codé Code

4.6
7,6
pro

4.6
maj

1/

4.6
sha
of s

Table 4 — Maximum severity of defects in castings

3.2.1 Spot radiography shall consist of a minimum of one 150-mm (6-in) spot radiogra
m (25 ft) of weld on each casing. As a minimum, one spot radiograph is required for each welding
Fedure and welder used for pressure-containing welds.

3.2.2 For magnetic particle ingpections, linear indications shall be considered relevant
jor dimension exceeds 1,6 mm (1/16 in). Individual indications that are separated by less than 1,6 mm
L6 in) shall be considered continuous.

3.3 Cast steel casingparts shall be examined by magnetic particle methods. Acceptabilit]
1 be based on a comparison with the photographs in ASTM E125. For each type of defect,
bverity shall notexceed the limits specified in Table 4.

ph for each

only if the

i of defects
the degree

Type Defect Degree
I Linear discontinuities 1
11 Shrinkage 2
II Inclusions 2
I\% Chills and Chaplets 1
Vv Porosity 1
VI Welds 1
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4.6.4 Pressure casing connections

4.6.4.1 General

4.6.4.1.1 All connections shall be flanged or machined and studded, except where threaded connections
are permitted by 4.6.1.5 or 4.6.4.3. All process gas connections to the casing shall be suitable for the
maximum allowable working pressure.

4.6.4.1.2 All of the purchaser’s connections shall be accessible for disassembly without requiring the

machine, o

4.6.4.1.3
with ISO 6
NPS 2-1/2

NOTE

4.6.4.1.4

4.6.4.1.5 |All welding of connections shall be completed before the casing is hydrostatically tested
6.3.2).

4.6.4.1.6 [For axially split pressure casings, the supplier shall provide connections for complete drair
of all gas pqdssages. For radially split pressure casings, the drains shall be located at the lowest point of €

inlet sectio
each dischz

INPS designates pipe per ASME B1.20.1.

any m:\}'nr part ofthe m:\r‘hinp’ tobe moved

All openings or nozzles for piping connections on pressure casings shall be in a¢cordd
708 (ASME B1.20.1). Sizes DN 32, DN 65, DN 90, DN 125, DN 175, and DN 225,(NPS 1-
NPS 3-1/2, NPS 5, NPS 7, and NPS 9) shall not be used.

I, the lowest point of the section between the inner and outer casings, and the lowest poir
irge section. The number and size of drain connections shall be shown in the data sheet.

nce
/4,

Connections welded to the casing shall meet the material requirements-of the casing, includling
impact valyes, rather than the requirements of the connected piping.

[see

age
ach
t of

4.6.4.1.7 |* If specified, individual stage drains,including a drain for the balance piston cavity, shall be
provided ($ee 4.6.4.1.6).

4.6.4.2 Nlain process connections

4.6.4.2.1 [Main process connections shall be flanged or machined and studded and oriented as speciffied
on the datq sheets.

NOTE Main process conilections include all process inlets and outlets including those for side loads|and

intermediatle cooling.

4.6.4.2.2
ISO 7005-2
approved s

NOTE 1
are not com

NOTE 2

Flanges\shall conform to ISO 7005-1:1992 Series 1, including Annex D and Annex H,

or

:1998Series 1 or ASME B16.1, ASME B16.5, ASME B16.42, or ASME B16.47 Series B, or o
tandard as applicable, except as specified in 4.6.4.2.3 to 4.6.4.2.4.

her

patible, the MSS were designated as Series A and the API as Series B.

ASME B16.47 includes both the former MSS SP 44 and API 605 flanges. Since these flange dimensions

ISO 7005-1 (steel flanges) PN 20, 50, 110, 150, 260, 420 are designed to be interchangeable with

ASME B16.5 and MSS SP-44 flanges - ISO 7005-1 flanges are not identical to ASME B 16.5 and MSS SP 44 flanges
but are deemed to comply with the dimensions specified in the ASME B 16.5 and MSS SP 44.

NOTE 3

ISO 7005-2 (castiron) flanges PN 20, 50 are designed to be interchangeable with ASME B16.1 (grey cast

iron) and ASME B 16.42 (ductile castiron) but they are not identical. They are deemed to comply with dimensions

specified in

NOTE 4

ASME B16.1 (grey cast iron) and ASME B 16.42 (ductile cast iron).

ISO PN 2-5 and PN 6 do not have a corresponding ASME class and ASME class 75, 400, and 800 do not

have a corresponding ISO PN designation. The use of these PN and class ratings are therefore not recommended.

24
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4.6.4.2.3 IfISO 7005-1:1992 is used, materials shall be in accordance with ISO 1995-1:1992, Annex D
(DIN) or Annex D-2 (ASTM) as specified. The pressure temperature ratings in ISO 7005-1:1992, Annex E
shall correspond to the materials specified.

4.6.4.2.4 *Ifspecified, ASME B16.47 Series A flanges may be supplied.

4.6.4.2.5 Supplier shall state the particular flange standard and provide details of the flanges which are
being provided.

4.6 4 irc : i ' j entsof ISO 7005-
2 (ASME B16 1 or ASME B16 42) Class 125 flanges shall have a minimum thlckness equalt¢ Class 250
for gizes DN 200 (NPS 8) and smaller. PN 20 (Class 125) flanges shall have a minimum thickngss equal to
PN b0 (Class 250) for sizes DN 200 (NPS 8) and smaller.

NOTE NPS designates pipe per ASME B1.20.1.
4.614.2.7 Flat-face flanges with full-raised face thickness are acceptable on‘casings of all malterials.

4.6{4.2.8 Flanges in all materials that are thicker or have a larger outside diameter than fequired by
ISO| (ANSI/ASME) are acceptable. Non-standard (oversized) flanges' shall be completely dimensioned
on fhe arrangement drawing. If oversized flanges require studs or bolts of non-standard length, this
reqpirement shall be identified on the arrangement drawing

4.614.2.9 Flanges shall be full faced or spot faced on thé'back and shall be designed for throygh bolting.

4.614.2.10 Connections and flanges not in accordance with ISO 7005-1 or ISO 7005-2 (A$ME B16.1,
ASME B16.5, ASME B16.42, or ASME B16.47 Series A or Series B) require the purchaser’s appfoval.

4.614.2.11 The supplier shall supply mating flanges, studs, and nuts for non-standard connedtions.

4.6{4.2.12 The concentricity of the belt circle and the bore of all casing flanges shall be such that the area
of the machined gasket-seating surface is adequate to accommodate a complete standard gasket without
profrusion of the gasket into thefluid flow.

4.614.2.13 For steel flanges, imperfections in the flange gasket surface shall not exceed that permitted in
ASME B16.5 or ASME B16.47 as applicable.

4.614.2.14 Machined and studded connections shall conform to the facing and drilling requirements of
1S0|7005-1 o1yISO 7005-2 (ASME B16.1, ASME B16.5, ASME B16.42, or ASME B16.47). Studs and nuts
shall be furnished installed, the first 1,5 threads at both ends of each stud shall be removed.

NOTE Threads are removed at the end of the stud to allow the stud to bottom without damaging the end

th I TSI, RO AP DR . 1 ac lo okl 1 £a] P 1 ) q . Cal +rdte be i ted
reaastroerore rnreaasare removea rrom oot renas or e st toarrow-eitirer-enaor tie st t e lmserte

into the threaded hole.

4.6.4.2.15 To minimize nozzle loads and facilitate installation of piping, machine flanges shall be parallel
to the plane shown on the arrangement drawing to within 0,5 degree. Studs or bolt holes shall straddle
centrelines parallel to the main axis of the equipment.

4.6.4.3 Auxiliary connections

4.6.4.3.1 Auxiliary connections may include but are notlimited to those for vents, liquid injection, drains
(see 4.6.4.1.6), water cooling, lube and seal oil, flushing, seal and buffer gas, and balance piston cavity.
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4.6.4.3.2 Flangesshall conformtoISO7005-10rISO7005-2 (ASMEB16.1,ASMEB16.5,or ASME B16.42)
or SAE J518 as applicable.

4.6.4.3.3 Auxiliary connections other than oil or dry gas seal connections shall be socket-welded and

flanged, or

machined and studded.

4.6.4.3.4 Auxiliary connections for lube oil, seal oil, or dry gas seal operation shall use weld-neck or
slip-on flanges only.

NOTE

Socket-weld is not allowed due to the possibility of a dirt trap.

4.6.4.3.5

shall be a ninimum of Schedule 160 seamless for sizes DN 25 (NPS 1) and smaller and a niinimur

Schedule 8

4.6.4.3.6
as indicate

4.6.4.3.7 F
be left bety

dq

NOTE

4.6.4.3.8

4.6.4.3.8.1
specified. I
for pipe th

NOTE |
that strippe
Caution sho
4.6.4.3.8.2
4.6.4.3.8.3

4.6.4.3.8.4

Yee 4.6.4.3.4 for connections where socket-weld is not allowed.

Pipe nipples screwed or welded to the casing, preferably not more than 150 mm (6-inJ’]

D for DN 40 (NPS 1-1/2).

Each pipe nipple shall be provided with a welding-neck, socket-weld, or slipon flange, ex
1 in 4.6.4.3.4.

pr socket-welded construction, a gap of 1,5 mm (1/16 in), as measuréd prior to welding, s
een the pipe end and the bottom of the socket in the casing.

Requirements for threaded connections

*Threaded openings for tapered pipe threadssshall conform to ISO 7-1 or ASME B 1.20
fISO 7-1 has been specified, tapered or straightinternal threads shall also be specified. Bo
‘eads shall conform to ASME B 16.5.

SO 7-1 and ASME B1.20.1 are not equivalentfor tapered threads; however, they are sufficiently d
[ threads and/or sealing problems mayréesultin installing incorrect parts (including later in the fi

bng,
h of

fept

hall

1 as
bses

lose
p1d).

11d therefore be taken in specifyingastandard that agrees with the standard used within the pl

Threaded connections’shall not be seal welded.

For threaded eonnections that are connected to pipe, a pipe nipple, preferably not 1y

d
* Pipe threads shall be taper thread conforming to ISO 7-1 or ASME B1.20.1 as specif[;ed.

t.

ore

than 150 mim (6 in) long, Schedule 160 seamless minimum, shall be installed in the threaded openfing.

Each pipe
flange mat

4.6.4.3.8.5
head steel
requireme

nipple shall belprovided with a welding-neck, socket-weld, or slip-on flange. The nipple
brials shall.meet the requirements of 4.6.4.1.4.

Threaded openings notrequired for piping connections shall be plugged with solid, roy
plugsiin accordance with ASME B16.11. As a minimum, these plugs shall meet the matg

material. Pta
specification shall b

and

nd-
rial
ant

ts.ofthe pressure casing. Plugs that may later require removal shall be of a corrosion-resis

used on all threade'd connections. Thread tape shall not be used.

4.6.5 Casing support structures

4.6.5.1 Machines requiring alignment shall meet the following criteria:

a)

(Ra) or better;

b)

per linear ft) of mounting surface;

26

ature

mounting surfaces shall be machined to a finish of 6 pm (250 pin) arithmetic average roughness

each mounting surface shall be machined within a flatness of 13 pm per 330 linear mm (0,000 5 in

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=0ec1ab8c0c61e528c7bc46b50925aa56

ISO 10439-1:2015(E)

c) different mounting planes shall be parallel to each other within 50 um (0,002 in) over the distance

d)
e)
£)

g)

between mounting surfaces;
the upper machined or spot-faced surface shall be parallel to the mounting surface;
hold-down bolt holes shall be drilled perpendicular to the mounting surfaces;

the mounting hole in the equipment feet shall be 12 mm (1/2 in) larger in diamete
hold-down bolt;

r than the

mounting holes in equipment feet shall be machined or spot-faced to a diameter suitable for a washer

Lbaolet 11 £, H

e slotted);

h)

NOTI

ISO [10439-4. Machinery requiring alignment (compressors, motors, gears, etc.) shouldthave holes in th

feet]

NOT

are pn the same shaft.

NOTI

4.6

Extgrnal forces and moment information can be found-in'the applicable parts.

4.6

Refer to subsequent parts for specific requirements.

4.7

4.7

NOT

4.7
bea
scri
pro

NOTI
sucq

1t | s 11 Jdil £ aols £ (1 Laoll 'S
PUDILIUIICU CULUULUITIUT lbqll)’ dlI'UUIIU LIIC DUIt LU d11IUVV 1UIL C\.iult}lllclll— qllslllllcllb \llUlCD O1IIAIT TIUL

the equipment feet shall be provided with vertical jack-screws and shall be drilled-with|
that are accessible for use in final doweling.

E1 Mounting requirements for equipment mounting feet are covered in 1SO 10439-2, I1SO 1
larger than the diameter of the hold-down bolts in order to allow for movementfor alignment.

E2 Expander-compressorsascoveredinlISO 10439-4 donotrequirealighmentsincedriverand

E3  Referto5.4.1.2.1 for horizontal jackscrew requirements.

6 External forces and moments

7 Guide vanes, stators, and stationary internals

Rotating elements

1 Shaft ends for couplings.shall conform to the requirements of ISO 10441.

E API1 671:2010 is identical to ISO 10441:2007.

2 The rotor shaft-sensing areas observed by radial-vibration probes shall be concenty
Fing journals. Alkshaft sensing areas (both radial vibration and axial position) shall be free fro

be. Only suppliers with proven experience or test data may metalize shafts to reduce electric

E Shaft materials such as 17-4 PH frequently exhibit excessive electrical runout. Some su
essfully reduced electrical runout to acceptable levels with treatments such as the application of

pilot holes

0439-3, and
P equipment

compressor

ic with the
In stencil or

be marks or aiyother surface discontinuity for a minimum of one probe tip diameter on each side of the

al runout.

bpliers have
1 mm (0,04

in) 4

adidl thickness of metalized aluminium.

4.7.3 The final surface finish of sensing areas observed by radial vibration probes shall be a maximum
of 0,8 um (32 pin) Ra, preferably obtained by honing or burnishing. These areas shall be properly
demagnetized to the levels specified in API 670, or otherwise treated so that the required combined total
electrical and mechanical runout can be met. For areas observed by radial vibration probes, the combined

©IS
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total electrical and mechanical runout shall not exceed the value from Formulae (2) and (3) or 6,35 pm
(0,25 mil) whichever is greater.

In SI units:
25,4 (12000
R=—— (2)
4 N
In US customary units:
1 /12000
R=— (3)
4 N
where
N is the maximum continuous operating speed, expressed in r/min;
R is pllowable runout, expressed in um (mil).
For areas dbserved by axial vibration probes, the combined total electrical andinechanical runout shall
not exceed|12,7 pm (0,5 mil).
NOTE If all reasonable efforts fail to achieve the limits noted in 4.7.3,the supplier and the purchaser|can

agree on alt]

4.74 To
free air gau

NOTE1 1]
influence fr

NOTEZ2 4

4.7.5 Th

ernate acceptance criteria.

ss level shall not exceed 0,000 5 Tesla (5 gauss) wheénmeasured with a calibrated indicator:

'he free air gauss level is measured while suspending the rotor from non-conductive straps wit
bm stray magnetic fields.

A Hall effect probe is preferred.

e design of stressed parts shall ingclude proper evaluation of the stress concentration fa

(SCF) for the geometry. The design of stressed rotating parts shall include fillets that are limiting the

NOTE 4

4.7.6 Rej
end seals. )
be positive

diameter a
refinishing

4.7.7 Bof
the axial to

\reas of concern include the'inmipeller vane-to-disk intersections, keyways, and shaft section chan

placeable thrust collars shall be furnished only when they are required for removal of s
When replaceablé-collars are furnished (for assembly and maintenance purposes), they 4
ly locked to the)shaft to prevent fretting. When integral collars larger than 127 mm (5
re furnished,they shall be provided with at least 3 mm (1/8 in) of additional stock to en
if the collar'is damaged.

h_faces of thrust collars shall have a surface finish of not more than 500 pum (20 mil) Ra,

brevent the build-up of potential voltages in the shaft, residual magnetism of the rotating elenjent

Ctor
SCFE.

ges.

haft
hall

in)
hble

and

talindicator runout (TIR) of either face shall not exceed 12,7 um (0,5 mil).

4.7.8 Stationary labyrinth seals shall have replaceable shaft sleeves or be designed so that major
rotating parts need not be replaced. Labyrinth-type seals with the teeth on the rotating element shall
have replaceable non-rotating element of an abradable material.

4.7.9 The design of the shaft-sleeve-impeller assemblies shall not create temporary nor permanent
distortions of the rotor assembly. The method of attaching the impeller shall adequately maintain
concentricity and balance under all specified operating conditions, including overspeed to trip speed.
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4.7.10 Impellers

4.7.10.1 Impellers may be closed, consisting of a hub, blades, and a cover or semi-open, consisting of a
hub and blades. Impellers shall be of welded, brazed, milled, electro-eroded, or cast construction. Other
manufacturing methods may be permitted if approved by the purchaser. Each impeller shall be marked
with a unique identification number.

4.7.10.2 Impellers may consist of forged and cast components. Welds in the gas passageway shall be
smooth and free of weld spatter. Impellers shall be heat treated and stress relieved after welding. Impeller
blade entrance and exit tips shall not have knife edges.

4.7
imp
fabi
to U
6.2.]

4.7
fini

for

4.7
pur

4.7

4.7
of 1
6.2,

4.7
4.8

4.8

NOT

4.8

excitation Which shall include, but are not limited to, the following:

10.3 All accessible weld surfaces on welded impellers and finish machined surfaces of.eleq

ications resulting in joints that are not visually accessible, such as brazed joints; shall b
Itrasonic examination to verify joint integrity. Refer to 6.2.2 for material inspection m
P.1.1 for acceptance criteria.

10.4 Cast impellers hubs and covers shall be inspected by radiographic or ultrasonic meg
bh machining. Details of inspection techniques and acceptance criteria shall be agreed. Re
material inspection methods and 6.2.2.1.1 for acceptance criteria;

10.5 Upgrade or repair welding of impellers after overspeed testing may be permitted or
Chaser’s approval

10.6 Welding as a means of balancing an impellet'is not permitted.

10.7 After the overspeed test described in'6:3.3, each impeller shall be examined all ove
hagnetic particle or liquid penetrant methods. Refer to 6.2.2 for material inspection m
P.1.1 for acceptance criteria.

10.8 Metal plating of impeller beres is not permitted without the purchaser’s approval.
Dynamics

1 General

E Refer toAABI'RP 684 for more information on rotordynamics.

1.1 In<€he design of rotor-bearing systems, consideration shall be given to all potential

unbalance in the rotor system;

tro-eroded

ellers shall be inspected by visual and magnetic particle or liquid penetrant examination. Impeller

b subjected
bthods and

Ins prior to
fer to 6.2.2

ly with the

' by means
bthods and

sources of

h)

fluid destabilizing forces from bearings, seals, and aerodynamics;
internal rubs;

blade, vane, nozzle, and diffuser passing frequencies;

gear-tooth meshing and side bands;

coupling misalignment;

loose rotor-system components;

internal friction within the rotor assembly;

© ISO 2015 - All rights reserved
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i) synchronous excitation from complimentary geared elements;
j)  control loop dynamics such as those involving active magnetic bearings.
NOTE1 Thefrequency ofapotential source of excitation can be less than, equal to, or greater than the rotational

speed of the rotor.

NOTE2  When the frequency of a periodic forcing phenomenon (excitation) applied to a rotor-bearing support
system coincides with a natural frequency of that system, the system is in a state of resonance. A rotor-bearing
support system in resonance can have the magnitude of its normal vibration amplified. The magnitude of
amplification and, in the case of critical speeds, the rate of change of the phase-angle with respect to speed is

related to theamount of damping in the system

4.8.1.2

esonances of structural support systems that are within the supplier’s scope of supply

that affect fthe rotor vibration amplitude shall not occur within the specified operating speed/rang
the requirdgd separation margins (SM) (see 4.8.2.9). The dynamic characteristics of the structural supj

and
b Or
hort

shall be considered in the analysis of the rotor-support system [see 4.8.2.4 d)].

4.8.1.3 *If specified, the supplier with unit responsibility shall communicate the existence of [any
undesirable running speeds in the range of zero to trip speed. This shall bezillustrated by the usg of
Campbell Diagram, submitted to the purchaser for review and included in¢thé€ instruction manual (see
VDDR in Apnex B of the applicable part).

NOTE1 [HExamples of undesirable speeds are those associated with“wotor lateral critical speeds yvith
amplificatign factors greater than or equal to 2,5, train torsionals, and vane and blading modes.

NOTE 2  4ee Annex D for examples of Campbell diagrams.

4.8.1.4 Analysis requirements specified in 4.8.2, 4.8.5;%and 4.8.6 shall be reported per 4.8.1.4.1 to
4.8.1.4.3 arjd Annex C.

4.8.1.4.1 [The basic rotordynamics report shalllbe provided.

4.8.1.4.2 [* If specified, the reporting requirements identified as required for independent audit of{ the

results sha

4.8.1.4.3
to develop

1 be provided.

* If specified, provisions shall be made to provide the purchaser with access to draw
independent models-of the rotor, bearings, and seals. This data shall be made availabl

electronic format.

NOTE

4.8.1.5 T

[his should betequested at time of order as non-disclosure agreements may be required.

prsionatanalysis requirements specified in 4.8.7 shall conform to 4.8.1.5.1, 4.8.1.5.2 and Ann¢

ngs
E in

x D.

4.8.1.5.1

Unless otherwise specified, the basic torsional report shall be provided for all covered machihes.

4.8.1.5.2

NOTE

* If specified, provisions shall be made to provide the purchaser with access to drawings to
develop independent models of the rotors. This data shall be made available in electronic format.

This should be requested at time of order as non-disclosure agreements may be required.

4.8.2 Lateral analysis

4.8.2.1 Critical speeds and their associated AFs shall be determined by means of a damped unbalanced
rotor response analysis.

30
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4.8.2.2 If required, the location of all critical speeds below the trip speed shall be confirmed on the
test stand during the mechanical running test (see 4.8.3.1). The accuracy of the analytical model shall be
demonstrated (see 4.8.3).

4.8.2.3 The supplier shall conduct an undamped analysis to identify the undamped critical speeds and
determine their mode shapes. The analysis shall identify the first four undamped critical speeds and
cover, as a minimum, the stiffness range from 0,1 times to 10 times the expected support stiffness.

4.8.2.4 The rotordynamic analysis shall include but shall not be limited to the following:

NO
the

a)

b)

d)

f)

g)

h)

j)

E The following is a list of items the analyst is to consider. It does not address the details an
hnalysis which is covered in 4.8.1.4, 4.8.2.7, and 4.8.2.8.

Rotor stiffness, mass and polar and transverse moments of inertia, including coupling
rotor stiffness changes due to shrunk on components.

Bearing lubricant-film stiffness and damping values including changes dueto speed, log
range of oil inlet temperature, maximum to minimum clearances resulting from ad
assembly tolerances, and the effect of asymmetrical loading whicl may be caused by
(including the changes over range of maximum to minimumstorque), side streamg
clearances, volutes, etc.

For tilt-pad bearings, the pad pivot stiffness.

Structure stiffness, mass, and damping characteristics, including effects of excitation|

H product of

halves, and

d, preload,
cumulated
bear forces
, eccentric

frequency

over the required analysis range. For machines whose dynamic structural stiffness valijes are less

than or equal to 3,5 times the bearing stiffness-¥alues in the range of 0 % to 150 %
structure characteristics shall be incorporated‘as an adequate dynamic system model,
frequency dependent structure stiffness apd*damping values (impedances), or structu
and damping values (impedances) derived from modal or other testing. The supplier
the structure characteristic values use@in the analysis and the basis for these values (f
modal tests of similar rotor structure-systems or calculated structure stiffness values).

Rotational speed, including the.various starting-speed detents, operating speed and 1
(includingagreed testconditiensifdifferent fromthose specified), trip speed,and coast-down|

The influence, over the-operating range, of the casing shaft end oil seals. Minimum and

Of N, the
calculated
e stiffness
shall state
r example,

bad ranges
conditions.

maximum

stiffness shall be considered taking into account the tolerance on the component clearance and the

oil inlet temperatutre:

The location and-orientation of the radial vibration probes which shall be the same in t
as in the mdchine.

Squeezefilm damper mass, stiffness, and damping values considering the component cle
centering tolerance, oil inlet temperature range, and operating eccentricity.

he analysis

hrance and

For machines equipped with rolling element bearings, the supplier shall state the bearing stiffness

and damping values used for the analysis. The basis for these values or the assumptions made in

calculating the values shall be presented.

Dry gas seals shall be assumed to have no stiffness or damping.

4.8.2.5 *If specified, the supplier with train responsibility shall provide a train lateral analysis.

4.8.2.6 The supplier with train responsibility shall provide a train lateral analysis for machinery trains
with rigid couplings.

4.8.2.7 A separate damped unbalanced response analysis shall be conducted within the speed range
of 0 % to 150 % of Ny Unbalance shall analytically be placed at the locations defined in Figure 1. For
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the translatory (symmetric) modes, the unbalance shall be based on the sum of the journal static loads.
For conical (asymmetric) modes, these unbalances shall be 180 degrees out of phase and of a magnitude
based on the static load on the adjacent bearing. For overhung modes, the unbalances shall be based on
the overhung mass. Figure 1 shows the typical mode shapes and indicates the location and definition of
U, for each of the shapes. The magnitude of the unbalances shall be 2 times the value of Uy as calculated
by Formulae (4) and (5) or Formulae (6) and (7).

In SI units:
U, :6350% (for N, <250001/min) (4)
e
4
U, =—— for N .>25 000 r/min 5
" 3937 (for None /min) (>)
In US custgmary units:
U, L (for Ny, <25000r/min) (6)
N
U, W (for Ny, >250001/min) (7)
6450
where

Uy =2k Uy is the input unbalance for the unbalance response analysis, expressed in g-mm (0z-]n);

Ur is the maximum allowable residual unbalance, expressed in g-mm (0z-in);
Nme is the maximum continuous operating'speed, expressed in r/min;
w is the journal static load in kg (lbm), or for bending modes where the maximum def|ec-

tion occurs at the shaft ends, the overhung mass (that is the mass of the rotor outbdard
of the bearing) in kg (Ibm){(see Figure 3).

NOTE Above 25 000, the limit is based on 0,254 pm (10 pin) mass displacement, which is in general
agreement with the capabilities of conventional balance machines and are necessary to invoke for small rotors
running at lhigh speeds.
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Translatory 1s* Rigid Conical 2" Rigid

(Unbalance @ Journals)

0 0.=5")

1st Bending 2nd Bending
(Unbalance @ Quarterspan)

U,—-;S[ﬂ]
N

Coupling Mode
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Overhung Machines

1st Mode (W5 > W,) 2"d Mode (W5 > W,)

%
.

31 Mode

Note: Rigid (solid) and flexible (dashed) shaft modes shown

A T Bearing Location and Reaction
(I) Unbalance Placement

@ [| Overhung:€omponents (couplings, impellers, etc.)

Figure 1 —Typical mode shapes and corresponding unbalance

4.8.2.8 Asrequired by4.8.3.1,additional analyses shall be made for use with the verification test specified
in 4.8.3. The location of the unbalance shall be determined by the supplier. The unbalance shall not be [less
than 2 tim¢s or greater than 8 times the value from Formulae (4) and (5) or Formulae (6) and (7) o as
specified in4.8¢2:8.1. Any test stand parameters which influence the results of the analysis shall be inclugled.

4.8.2.8.1 For coupling unbalance placement (unbalance based on the coupling half weight), the
unbalance shall be greater or equal to 16 times the value of Formulae (4) and (5) or Formulae (6) and (7).

NOTE For most machines, there will only be one plane readily accessible for the placement of an unbalance,
for example, the coupling flange on a single-ended drive machine, or the impeller hub or disk on an integrally
geared machine, or expander-compressors. However, some compressor types (axial compressors, for example)
may provide additional externally accessible balance planes. For these machines, when there exist the possibility
of exciting other critical speeds, multiple runs will be required.

4.8.2.9 The damped unbalanced response analysis shall indicate that the machine meets the
following requirement:

34 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=0ec1ab8c0c61e528c7bc46b50925aa56

ISO 10439-1:2015(E)

SM, = SM-

where

SM; is the required separation margin, expressed in %;

SM, is defined in Figure 2.

(8)

bd is below

9

5 above the

(10)

a) Ifthe AF at a particular critical speed is less than 2,5, the response is considered critically damped
and no separation margin is required (SM; = 0).
b) [If the AF ata particular critical speed is greater than or equal to 2,5 and that critical spe
the minimum speed, the SM; is given by Formula (9).
1
SM,. =17| 1 -—————
AF -1,5
If the AF at a particular critical speed is greater than or equal to 2,5 and thateritical speed i
maximum continuous speed, the SM; is given by Formula (10).
1
SM,. =10+17| 1 —————
AF -1,5
A
Operating Speed
w - Sat 2l Range | an i
=]
=
E
a A
= sl
<
8 |..T0TA {1
—
<
44
e
- ,/\
— ;
$ ! o ! .
Nes N ’ Nme  Ney
ROTOR SPEED
Key
N¢1| rotor first critical speed
Nen| nth critical speed
Nma minimum allowable speed
Nmd maximum'continuous speed
Ac1| amplitude at N¢g
N1 | initial (lesser) speed at 0.707 x Acq
Ny final (grpnfpr) QpPPd at 0707 x Agy
AF1 amplification factor of the first critical speed
Ne1 / (N2 = N1)
Sa1  actual separation between N1 and the operating speed range
San  actual separation between N, and the operating speed range

SM,1 actual separation margin of first critical speed (%)

100 X Sal / Nma

© ISO 2015 - All rights reserved

35


https://standardsiso.com/api/?name=0ec1ab8c0c61e528c7bc46b50925aa56

ISO 10439-1:2015(E)

SMa actual separation margin of nth critical speed (%)
100 x San / Nmc

NOTE
response plot.

Figure 2 — Typical rotor response plot

The shape of the curve is for illustration only and does not necessarily represent any actual rotor

4.8.2.10 The calculated unbalanced peak-to-peak response at each vibration probe, for each unbalance

amountan 827, AV A m
(1,0 mil) of Formulae (11) and (12), whichever is less, over the range of Ny, to Ny as shown in Eiguite 3.
In SI units:

A, =254 /12000 (11)

ch

In US custgmary units:

A, :J12000 12)

ch

where

Ay is the mechanical test vibration limit, expressed in pm, (mil);

Nmcis

fhe maximum continuous speed, expressed ingymin

ma ch

VIBRATION LIMIT
_ SPEED RANGE

PROBE RESPONSE
WITH 2xU, UNBALANCE

VIBRATION AMPLITUDE

Y

ROTOR SPEED

Figure 3 — Plot of applicable speed range of vibration limit

4.8.2.11 For each unbalance amount and case as specified in 4.8.2.7, the calculated major-axis, peak-to-

peak response amplitudes at each close clearance location shall be multiplied by a scale factor defined by

Formula (13).
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Secc = Ayl /Amax or 6, whichever is less (13)

where
Scc  is the scale factor for close clearance check;
Ay is the mechanical test vibration limit defined in 4.8.2.10;

Amax is the maximum probe response amplitude (p-p) considering all vibration probes, over the
range of Ny, to Ny, for the unbalance amount/case being considered.

NOTE To meet the requirements of 4.8.2.10, the scale factor will be greater than or equal to ofie,

4.8|2.11.1 For each close clearance location, the scaled response shall be less than 75%0of thg minimum
des]gn diametral running clearance over the range of zero to trip speed.

4.812.11.2 For this evaluation, floating-ring, abradable and compliant seals’are not considered close
clegrance locations. The response amplitude as compared to the running clearance at these locations
shall be agreed.

Rurning clearances can be different than the assembled clearances with the machine [shutdown.
Consideration should be given to the following:

a) |centrifugal/thermal growth;
b) [bearing lift;
c) |rotor sag;

d) [non-concentricity (of stator to the bearings)-

4.8{2.12 If the analysis indicates that if either of the following requirements cannot be met:
a) [the required separation margins.or

b) [the requirements of 4.8.2-480or 4.8.2.11

and| the purchaser and supplier have agreed that all practical design efforts have been exhafisted, then
acc¢ptable amplitudessseparation margins, and amplification factors shall be agreed by thg purchaser
and the supplier, subject to the requirements of 4.8.4.

4.8{3 Unbalanced rotor response verification test

4.8]3.1 *f specified or when the first critical speed is less than 127 % of Ny, an unbaldnced rotor
response test shall be performed as part of the mechanlcal runnlng test (see 6.3 of the appliable part),
: ) ) on the test
stand to the same arrangement of unbalance and bearlng loads as was used in the analysis specified
in 4.8.2.8 shall be used for determining the validity of the damped unbalanced response analysis. To
accomplish this, the requirements of 4.8.3.1.1 to 4.8.3.1.6 shall be followed.

NOTE API RP 684 contains discussions related to verification testing performed in a balance bunker.

4.8.3.1.1 During the mechanical running test, the amplitudes and phase angle of the shaft vibration
from trip to slow roll speed shall be recorded after the 4 h run. The recording instrumentation resolution
shall be atleast 1,25 pm (0,05 mil).

NOTE This set of readings is normally taken during a coastdown, with convenient increments of speed such
as 50 r/min. Since at this point the rotor is balanced, any vibration amplitude and phase detected is the result of
residual unbalance and mechanical and electrical runout.
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4.8.3.1.2 The unbalance which was used in the analysis performed in 4.8.2.8 shall be added to the rotor
in the location used in the analysis.

4.8.3.1.3 The machine shall then be brought up to trip speed after being held at maximum continuous
speed for at least 15 min and the indicated vibration amplitudes and phase shall be recorded during the
coast down using the same procedure as 4.8.3.1.1.

4.8.3.1.4 The location of critical speeds below the trip speed shall be established. If a clearly defined
response peak is not observed during the test, then the critical speeds shall be identified as those in the
lateral damped analysis report.

q

J

NOTE the

location of t

low roll runout is normally vectorially subtracted from the 1X Bode plots to accurately défing
he critical speeds.

4.8.3.1.5
shall be ve

The corresponding indicated vibration data taken in accordance with 4.8.3.1.1vand 4.8.3.1.4

rtorially subtracted.

NOTE heck slow roll runout prior to subtraction. The data are expected to be nearly identical for both rjuns.

4.8.3.1.6
compared

The results of the mechanical run including the unbalance respénse verification test shall be
vith those from the analytical model specified at 4.8.2.8.

NOTE the

comparison

It is necessary for probe orientation to be the same for the“analysis and the machine for
to be valid.

4.8.3.2 Using the unbalance response test results, the supplier shall correct the model if it fails to npeet
either of the following criteria:

the ac
speed

a)

b) the m3

4.8.3.3 T

NOTE f

ual critical speed(s) determined on test-shall not deviate from the corresponding crit
ranges predicted by analysis by more than +5 %j;

ximum probe responses from thexesults of 4.8.3.1.5 shall not exceed the predicted rang

or absolute motion, bearifig;housing vibration is vectorially added to relative probe readings. Th

ical

ES.

he supplier shall determine Whether the comparison made is for absolute or relative motijon.

is is

typically required for machinery with.soft supports.

4834 U
on the first

nless otherwise specified, the verification test of the rotor unbalance shall be performed ¢nly
rotor testedyif'multiple identical rotors are purchased.
4835 A the
limits spec

fter correeting the model, if required, the response amplitudes shall be checked against
fied in4.8.2.10 and 4.8.2.11.

4.8.4 Additiomattesting

4.8.4.1 Additional testing is required if from the shop verification test data (see 4.8.3) or from the
damped, corrected unbalanced response analysis (see 4.8.3.2), if either of the following conditions exists:

a)
b) therequirements of 4.8.2.10 and 4.8.2.11 have not been met.

any critical speed which fails to meet the SM; requirements (see 4.8.2.9);

NOTE When the analysis or test data does not meet the requirements of the standard, additional more
stringent testing is required. The purpose of this additional testing is to determine on the test stand that the
machine will operate successfully.
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4.8.4.2 Unbalance weights shall be placed as described in 4.8.2.7; this may require disassembly of the
machine. Unbalance magnitudes shall be achieved by adjusting the indicated unbalance that exists in the
rotor from the initial run to raise the displacement of the rotor at the probe locations to the vibration
limit defined in 4.8.2.10 at the maximum continuous speed; however, the unbalance used shall be no
less than twice nor greater than 8 times the unbalance limit specified in 4.8.2.7, Formulae (4) and (5) or
Formulae (6) and (7). The measurements from this test, taken in accordance with 4.8.3.1.1 to 4.8.3.1.3,
shall meet the following criteria:

a) from zero to trip speed, the shaft deflections shall not exceed 90 % of the minimum design
running clearances;

b)

4.8
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4.8
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4.8
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within the operating speed range, including the SM;, the shaft deflections shall notcex
of the minimum design running clearances or 150 % of the allowable vibration limit\at
(see 4.8.2.10);

for this evaluation, floating-ring, abradable, and compliant seals are not considered clos
locations. The response amplitude to the running clearance at these locations shall be a

4.3 The internal deflection limits specified in 4.8.4.2 items a thru cshall be based on the
lacement ratios between the probe locations and the areas of concérnidentified in 4.8.2.1
rrected model, if required. Acceptance shall be based on these calculated displacements oy
he seals if the machine is opened.

E Internal displacements for these tests are calculated by/niuiltiplying these ratios by the pd
1 the probes.

4.4 Damage to any portion of the machine as a‘result of this testing shall constitute fa
Internal seal rubs that do not cause changes qutside the supplier’s assembly clearance rg
Stitute damage.

5 Level 1 stability analysis

5.1 Astability analysis shall be\performed on all centrifugal, axial compressors, or radial
meet the following:

on rigid supports, FGSR;in accordance with 4.8.2.3;
those rotors withfixed geometry bearings or oil film ring seals.
stability andlysis shall be calculated at the API defined maximum continuous speed.

E Lével'T analysis was developed to fulfil two purposes: first, it provides an initial screenin

ceed 55 %
the probes

b clearance
rreed.

calculated
1 based on
inspection

ak readings

flure of the

nge do not

flow rotors

those rotors whose maximum continuous speed is greater than the first undamped critical speed

b to identify

rs that do'not require a more detailed study. The approach as developed is conservative and not

ufacturers similar to that found in 4.8.2. (Refer to API RP 684 for a detailed explanation.)

intended as

hdication of an unstable rotor. Second, the Level I analysis specifies a standardized procedure arplied to all

4.8.5.2 The model used in the Level I analysis shall include the items listed in 4.8.2.4.

4.8.5.3 When tilt-pad journal bearings are used, the analysis shall be performed with synchronous tilt-
pad coefficients.

4.8.5.4 Forrotorsthat have quantifiable external radial loading (e.g. integrally geared compressors), the
stability analysis shall also include the external loads associated with the operating conditions defined in
4.8.5.5. For some rotors, the unloaded (or minimal load condition) may represent the worst stability case
and shall be considered.

4.8.5.5 The anticipated cross coupling, Qa, present in the rotor is defined by the following procedures:
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— For centrifugal compressors:

The parameters in Formula (14) shall be determined based on the machine conditions at normal
operating point unless the supplier and purchaser agree upon another operating point.

HP)B.C
a4, :g[/’_dJ (14)
D.HN. \ ps
where
B. is3;

C isp,55(63);

pq is the discharge gas density per impeller, expressed in kg/m3 (Ibm/ft3);

ps is the suction gas density per impeller, expressed in kg/m3 (Ibm/ft3);

D¢ isthe impeller diameter, expressed in mm (in);

Hc is the minimum of diffuser or impeller discharge width per impeller,&xpressed in mm (in);
Ny is the normal operating speed for calculation of aerodynamic excitation, expressed in r/min.
Formulla (14) is calculated for each impeller of the rotor. Q4 is equal to the sum of g, for all impellers.

— For ax]al flow rotors:

HP)B.C
q, = HPIBL 15)
DJH,N,
where
By is|L,5;

Dt is the blade pitch diameter, expressed in mm (in);
H; is the effective blade height)expressed in mm (in).

Formulla (15) is calculated.for each stage of the rotor. Q4 is equal to the sum of g, for all stages.

4.8.5.6 An analysis shall be'performed with a varying amount of cross coupling introduced at the rptor
mid-span fpr between bearing rotors or at the centre of gravity of the stage or impeller for single overhjung
rotors. For louble overhung rotors, the cross coupling shall be placed at each stage or impeller concurrefntly
and shall r¢flect thewratio of the anticipated cross coupling, (q,, calculated for each impeller or stage).

4.8.5.7 Theapplied cross coupling shall extend from zero to the minimum of

a) alevel equal to 10 times the anticipated cross coupling, Qz and

b) the amount of the applied cross coupling required to produce a zero log decrement, Qp. This value
can be reached by extrapolation or linear interpolation between two adjacent points on the curve
shown in Figure C.2 in Annex C.

4.8.5.8 Level I screening criteria:
— For centrifugal compressors:

If any of the following criteria apply, a Level Il stability analysis shall be performed:
) Qo/0Qa<20;
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i) 6a<0,1;

iii) Qo / Qa <10 and the point defined by CSR and the average density at the normal operating point
are located in Region B of Figure 4.

Otherwise, the stability is acceptable and no further analyses are required.
— For axial flow rotors:

If 84 < 0,1, a Level I stability analysis shall be performed. Otherwise, the stability is acceptable and no
further analyses are required.

35
3.0
Region B
25 -
. 3 \
w
(&}
20
Region A
15
1.0 T T I ] i I T T T T T N T T T T T T 1 T
0 20 40 60 80 100
{1.25) (2.5) (3.75) (5.0) (6.25)

Average gas Densiy) paye kg/m? (Ibift3)

Figure 4 — Stability experience plot

4.8|6 Level Il stability analysis

4.816.1 A Level Il analysis, which reflects the actual dynamic forces (both stabilizing and deptabilizing)
of the rotor, shall be performed as required by 4.8.5.8.

4.816.2 The Level llCanalysis shall include the dynamic effects from all sources that coptribute to
the|overall stability (efithe rotating assembly. These dynamic effects shall replace the anticipated cross
coupling, Qa. The-fellowing sources shall be considered:

a) |labyrinth'seals;

b) [damper seals;

c) impp]lpr[/h]ndn flows qprnr]ynamir‘ effects;

d) internal friction.

4.8.6.2.1 The supplier shall state how the sources are handled in the analysis.

NOTE Itis recognized that methods are not available at present to accurately model the destabilizing effects
from all sources listed in 4.8.6.2.

4.8.6.3 The Level Il analysis shall be calculated at Nyy.

4.8.6.4 The operating conditions defined for the normal operating point shall be extrapolated to Npc.
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NOTE Extrapolated conditions are expected to fall within the operating limits of the equipment train (the
defined operating map).

4.8.6.5 The modelling requirements of Level I shall also apply.

4.8.6.6 The dynamic coefficients of the labyrinth seals shall be calculated at minimum seal running
clearance.

4.8.6.7 When calculating the dynamic coefficients of damper seals, the running clearance profile range,
which is determined by drawing dimensions, manufacturing tolerances, and deformations in the seal, seal
support, arjd rotor, shall be included.

4.8.6.8 The frequency and log decrement of the first forward damped mode shall be calculgted
progressively for the following configurations (except for double overhung machines where the first fwo
forward m¢des shall be considered):

a) rotor dnd support system only (basic log decrement, §p);

b) each spurce from 4.8.6.2 utilized in the analysis;

c) for damper seals, the dependence due to parameters defined in 4.8.6.7;

d) complé¢te model including all sources (final log decrement, &¢).

4.8.6.9 Acceptance criteria

The Level |I stability analysis shall indicate that the machine, as calculated in 4.8.6.1 to 4.8.6.8, shall
have a finaf log decrement, 64, greater than 0,1.

4.8.6.10 If after all practical design efforts have béen exhausted to achieve the requirements of 4.86.9,
acceptableflevels of the log decrement, &, shall be-agreed.

NOTE It is recognized that other analysismethods and continuously updated acceptance criteria Iave
been used sjuccessfully since the mid-1970s.to-evaluate stability. The historical data accumulated by machipery
manufacturers for successfully operated-miachines can conflict with the acceptance criteria of this Internatipnal
Standard. If such a conflict exists and-the suppliers can demonstrate that their stability analysis methods
and acceptdnce criteria predict a stable rotor, then the suppliers’ criteria can be the guiding principle in| the
determinatjon of acceptability.

4.8.7 Toysional analysis

4.8.7.1 r trains\including motors, generators, positive displacement units, or gears, the supplier
having unif respensibility shall ensure that a torsional vibration analysis of the complete coupled trajn is
carried oufl and.shall be responsible for directing any modifications necessary to meet the requirements
of 4.8.7.3 t¢ 4.8.7.7.

4.8.7.2 * If specified, for direct driven turbine trains, the supplier shall perform a torsional vibration
analysis of the complete coupled train and shall be responsible for directing any modifications necessary
to meet the requirements of 4.8.7.3 to 4.8.7.7.

4.8.7.3 Fortrainsin4.8.7.2,asimplified torsional model (lumped rotor inertia and stiffness) is sufficient.

NOTE The intent of the simplified analysis is to calculate the primary (coupling) modes of the system.
Primary modes are those influenced primarily by the coupling torsional stiffness.

4.8.7.4 Excitation of torsional natural frequencies may come from many sources and should be
considered in the analysis. These sources shall include but are not limited to the following:
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gear characteristics such as unbalance, pitch line runout, and cumulative pitch error;
torsional pulsations due to gear radial vibrations;

cyclic process impulses;

torsional excitation resulting from electric motors and engines;

one and two times electrical line frequency;

one and two times operating speed(s).

4.8
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follpwing shall be included:

a)

b)
A

7.5 Primary (coupling) modes shall be at least 10 % above or 10 % below any ‘1X
uency (mechanical or electrical) within the specified operating speed range.

7.6 All other torsional natural frequencies shall preferably be atleast 10 % aloyve or 10 ¢
Kible excitation frequency within the specified operating speed range (from thinimum td
finuous speed).

7.6.1 Any interference resulting from 4.8.7.6 shall be shown to hdve no adverse effect ug

7.7 When torsional resonances are calculated to fall within'the margin specified in 4.8.7
Chaser and the supplier have agreed that all efforts to refnove the critical from within {
uency range have been exhausted), a steady-state stress analysis shall be performed to d
the resonances have no adverse effect on the completéjtrain.

7.7.1 The analysis shall show that all shaft sections, couplings, and gear mesh have infini
greed criteria.

7.8 In addition to the torsional analyses required in 4.8.7.3 to 4.8.7.7, the supplier shal
sient torsional vibration analysis for'synchronous motor driven units, using a time-transie|
requirements of 4.8.7.8.1 to 4.8./8:4 shall be followed.

7.8.1 In addition to the parameters used to perform the torsional analysis specified in

motor average torque, as well as pulsating torque (direct and quadrature axis) ve
characteristics;

load torquecersus speed characteristics;

electrical system characteristics affecting the motor terminal voltage or the assump
concerning the terminal voltage including the method of starting, such as across the li
method of reduced voltage starting.

excitation

below any
maximum

ing 4.8.7.7.
.6 (and the

he limiting
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e life using

perform a
nt analysis.
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4.8.7.8.2 The analysis shall generate the maximum torque, as well as a torque versus time history for
each of the shafts in the compressor train.

NOTE

The maximum torques is used to evaluate the peak torque capability of coupling components, gearing,

and interference fits of components such as coupling hubs. The torque versus time history is used to develop a
cumulative damage fatigue analysis of shafting, keys, and coupling components.

4.8.

7.8.3 Appropriate fatigue properties and stress concentrations shall be used.

4.8.7.8.4 An appropriate cumulative fatigue algorithm shall be used to develop a value for the safe
number of starts. The safe number of starts shall be as agreed by the purchaser and supplier.
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4.8.7.9 For VFD driven equipment trains, the supplier shall extend the analysis defined in 4.8.7.3 to
4.8.7.7 to include the following 4.8.7.9.1 to 4.8.7.9.4.

4.8.7.9.1 Inaddition to the excitations of 4.8.7.4, the following shall also be considered but is not limited to:
a) integer orders of the drive output frequency;

b) sidebands of the pulse width modulation.

NOTE VFD-produced broad band noise floor and feedback generated excitations can cause harmful torsional

pulsations. Transient and/or mechanical/electrical coupled analyses can be required to understand the effects of
these excitaltions.

4.8.7.9.2 |A steady-state response analysis shall be performed from 0 to MCS to quantify the) effects of
the VFD extitation of 4.8.7.9.1.

4.8.7.9.3 |Forinterferences occurring below the minimum operating speed, agreed eriteria shall be ysed
to establishj acceptability of the train.

4.8.7.9.4 |[Forinterferences occurring within the operating speed range, the criteria set forth in 4.8.4.7.1
shall be us¢d.

4.8.7.10 *[if specified, for motor-driven equipmentand trains including an electrical generator; a transfent
short circujt fault analysis shall be performed in accordance with 4.8.7.10.1 to 4.8.7.10.2.

4.8.7.10.1|The following faults shall be considered but is not limited to:
a) shortdircuits

1) line-to-line;

2) two phase;

3) three phase;

4) line-to-ground;

5) line-to-line-to-ground;
b) synchrfonization (genefators)

1) single phase;

2) thfee phase:

4.8.7.10.2 |Fop these fault conditions, generated stresses in the shafting and couplings shall not exdeed
the low cycle Tatigue Timit.

NOTE The analysis for these fault conditions assumes a one-time event. It is possible that some components
identified by the analysis will need to be replaced following the fault event.

4.8.7.11 * If specified, alternating torques produced by breaker reclosure shall be shown to have no
negative impact on the intended operating life of the equipment train.

4.8.8 Vibration and balancing

4.8.8.1 Major parts of the rotating element, such as the shaft, balancing drum, and impellers, shall be
individually dynamically balanced before assembly, to ISO 1940 Grade G0.67 or better. When a bare shaft
with a single keyway is dynamically balanced, the keyway shall be filled with a fully crowned half key,
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in accordance with ISO 21940-32. Keyways 180 degrees apart, but not in the same transverse plane,
shall also be filled. The initial balance correction to the bare shaft shall be recorded. The components
mounted on the shaft (impellers, balance drum, etc.), shall also be balanced in accordance with the “half-
key-convention”, as described in ISO 21940-32.

4.8.8.2 Unless otherwise specified, the rotating element shall be sequentially multiplane dynamically
balanced during assembly. This shall be accomplished after the addition of no more than two major
components. Balancing correction shall only be applied to the elements added. Minor correction of other
components may be required during the final trim balancing of the completely assembled element. In
the sequential balancing process, any half keys used in the balancing of the bare shaft (see 4.8.8.1) shall
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nfinue to be used until they are replaced wi € final Key and mating element. Un rotors
ays, the keyway shall be filled with a fully crowned half-key. The weight of all half-keys-

finall balancing of the assembled element shall be recorded on the residual unbalange.worl

ex A). The maximum allowable residual unbalance per plane (journal) shall be c¢alctlateqg
Formulae (4) and (5) or Formulae (6) and (7) as applicable.

8.2.1 When the suppliers’ standard assembly procedures require the rotating element dis
r final balance to allow compressor assembly (i.e. stacked rotorsywith solid diaph
pressor/ expanders), the supplier shall, as a minimum, perform théfollowing operations

To ensure the rotor has been assembled concentrically, the supplier shall take axial an
runoutreadings on the tip of each element (impeller or dise}-dnd at the shaft adjacent to e3
when possible. The runout on any element shall not exceed a value agreed between thd
and the supplier.

The supplier shall balance the rotor to the limits of 4(8.8.2, Formulae (4) and (5) or Formulae

The supplier shall provide historic unbalan¢e data readings of the change in bala
disassembly and reassembly. This change:ifY unbalance shall not exceed 4 times the se
the balance machine. For this purpose, balance machine sensitivity is 0,254 pm (10 pin)

The supplier shall conduct an analysis'in accordance with 4.8.2, to predict the vibration 1
testing, using an unbalance equal;to that in item b), plus 2 times the average change in |
to disassembly and reassembly as defined in item c). The results of this analysis shall sh
predicted vibration at design.speed on test shall be no greater than 2 times the requirement

E Trim balancing in thé compressor case can be done to achieve this level.

8.2.2
fract rotor. Therotor shall then be disassembled and reassembled. The rotor shall be cheg
r reassemblyte’determine the change in balance due to disassembly and reassembly. Thi
nce shallmot exceed that defined in 4.8.8.2.1 c).

8.3¢_\The following options are available concerning operating speed balancing.

with single
sed during
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(6) and (7).
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s 0f4.8.8.8.

* If specified, the supplier shall record the balance readings after initial balapce for the

k balanced
5 change in

4.8.

8.3.1

shall be operating speed balanced in accordance with 4.8.8.4.

4.8.

8.3.2

* If specified or with purchaser’s approval, after low-speed sequential balancing, the rotor

* If specified or with purchaser’s approval, completely assembled rotating elements shall be

subject to operating speed balancing (in accordance with 4.8.8.4) in lieu of a sequential low-speed balancing.

4.8.

4.8.

a)

©IS

8.4 Operating speed balancing procedure

8.4.1 The following information shall be provided, prior to operating speed balancing:

the contract rotor dynamics analysis;
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b) final low-speed balance records when applicable;

c¢) mecha

d)

nical radial and axial runout checks of the rotor;

job and balance stand bearing details.

4.8.8.4.2 The rotor shall be supported in bearings of the same type and with similar dynamic
characteristics as those in which it shall be supported in service.

NOTE1 ]

ob bearings can be used when practical.

NOTE 2
temporary ¢

4.8.8.4.3

perating speed balance units run under a vacuum. Operation In a vacuum can require the neeq
nd seals.

The rotor shall be completely assembled including thrust collars with locking collar's and

auxiliary equipment. Shaft end seals are not added.

4.8.8.4.4
balance to

NOTE
moment. In
ends of driv]

|

4.8.8.4.5
next to the

4.8.8.4.6
frequency
assemblies|

4.8.8.4.7
stiffening &

NOTE |

4.8.8.4.8
in the opel

residual uy
speed bala

NOTE ’
traversing i

The high-speed drive assembly shall be shown to have an effect less-than 25 % of
erance.

In some cases, the facility drive coupling and adapter is adequate to‘sirnulate the job coupling

some cases, the job-coupling hub with moment simulator will be required, especially for the outb
e-through machines.

bearings, at mid-shaft or at overhung locations as agreed by the purchaser and the supplier.

When non-contacting proximity vibration prabes have been specified, structural resond
of the probes and supports shall be determined after installation of the rotor and py
in the balance machine when non-standard mounting is used (i.e. cantilevered probe holdg

The smallest pedestal available rated for the rotor weight shall be used without pedd
ngaged.

ight rotors used with larger-pedestals could require a reduction of the rotor balance criteria.

Prior to operating speed balance, the complete rotor shall be low-speed balance chec
rating speed facilityIf the measured unbalance exceeds five times the maximum allow
balance for the ¥otor, then the cause of the unbalance shall be identified prior to operal
hcing.

'he purpdse’of identifying the unbalance is to increase the possibility of the rotor success
s critical'speed(s) and to increase the likelihood of a successful balance.

for

any

the

half
ard

*If specified, two orthogonally mounted radial non-contagting vibration probes shall be mounted

nce
obe
rs).

stal

ked
hble
fing

ully

hed

4.8.8.4.9 |Prior to balancing, the rotor residual unbalance shall be stabilized. This shall be accomplig

by the following:

a) record low-speed residual unbalance (amount and phase) before running up in speed;

b) run rotor to trip speed plus 4 % of MCS, hold for 3 min;

c) reduce to maximum continuous operating speed and record unbalance readings for each pedestal;
d) reduce speed and record low-speed unbalance again;

e) repeatuntil readings taken in 4.8.8.4.9 c) and 4.8.8.4.9 d) are consistent.

4.8.8.4.10 Balance weights (if used) shall be compatible with disk material and suitable for the
operating environment.
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4.8.8.4.11 After the rotor is balanced within the tolerances of 4.8.8.5, repeat the final balance run with
the pedestal stiffening engaged.

4.8.8.4.12 Upon completion of the balancing, Bode and polar plots for each pedestal velocity and
proximity probe (when used) shall be provided for the initial run, stabilized rotor prior to balancing, and
final balanced rotor with and without pedestal stiffening. Proximity probe data shall be compensated for
slow roll mechanical and electrical runout.

4.8.8.5 The acceptance criteria shall be agreed between the purchaser and the supplier.

NOTE The criteria are typically based on the operating speed balance provider’s experience|land can be
expressed in pedestal vibration, pedestal force, or residual unbalance.

4.8/8.5.1 When non-contacting vibration probes have been specified in 4.8.8.4.5, the.acceptapce criteria
for the readings shall be agreed.

4.8/8.6 A rotor that has been operating speed balanced shall have the residual unbalance refcorded in a
lowtspeed balance machine. No corrections shall be made to the rotor. A permanent mark or] part (such
as a keyway) shall be used and recorded for the phase reference.

NOTE1 Thisis for future reference if a low-speed balance check is performed on the rotor before |nstallation.

NOTE 2  The operating speed balanced rotor does not generally_meet the low-speed balance criterja.

4.818.7 For a rotor that has been low-speed balanced, a low-speed residual unbalance chgck shall be
performed in a low-speed balance machine and recorded in accordance with the residuall unbalance
woitksheet (see Annex A).

4.818.8 Duringthe mechanical running testofthe machine, assembled with the balanced rotof; operating
atany speed within the specified operating speed range, the peak-to-peak amplitude of unfiltergd vibration
in apy plane, measured on the shaft adjacent and relative to each radial bearing, shall not exceqd the value
fropn Formulae (16) and (17) or 25,4 um (1 mil), whichever is less.

In S units:

12000

A, =25,4

vl —

(16)

mc

In US customary units:

i - [12000 a7)
ch‘

whene

Ay] is the mechanical test vibration limit, expressed in pm (mil);

Nmcis the maximum continuous speed, expressed in r/min.

4.8.8.8.1 Atany speed greater than the maximum continuous speed, up to and including the trip speed
of the driver, the vibration level shall not increase more than 12,7 um (0,5 mil) above the value recorded
at the maximum continuous speed prior to accelerating to trip for each probe.

NOTE These limits are not to be confused with the limits specified in 4.8.3 for shop verification of
unbalanced response.
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4.8.8.9 Electrical and mechanical runout shall be determined by rotating the rotor through the full
360 degrees supported in V blocks at the journal centres. The combined runout, measured with a non-
contacting vibration probe, and the mechanical runout, measured with dial indicators at the centreline of
each probe location, shall be continuously recorded during the rotation. Polytetrafluoroethylene (PTFE)
shall not be used in the V blocks.

NOTE The rotor runout determined above is generally not reproduced when the rotor is installed in a
machine with hydrodynamic bearings. This is due to pad orientation on tilt-pad bearings and effect of lubrication
in all journal bearings.

4.8.8.10 Re 0 al and mechanica no orthe -.l': pe hall
be included in the mechanical test report (mechanical test section).
4.8.8.11 If the supplier can demonstrate that electrical or mechanical runout is present,a maximum
of the level from Formulae (18) and (19) or 6,35 um (0,25 mil), whichever is greater, may,be vectorfally
subtracted|from the vibration signal measured during the factory test. Where shaft tféatment such as
metalized gluminium bands have been applied to reduce electrical runout, surface vatidtions (noise) jnay
cause a high-frequency noise component which does not have an applicable vector. The nature of|the
noise is always additive. In this case, the noise shall be mathematically subtracted.
In ST units:
25,4 (12000 i
Roue =1 18)
4 N,
In US custgmary units:
L (12000 A
Ryt =t (19)
Y\ N
4.9 Bearings and bearing housings
4.9.1 Geperal
Radial and|thrust bearings shall be-as specified in the subsequent parts of this international standdrd.
49.2 Hydrodynamic radialbearings
Hydrodynamicradial bearings shall be in accordance with the applicable parts of this international standprd.
4.9.3 Hydrodynamic thrust bearings
4.9.3.1 Fpr.gear couplings, the external thrust force shall be calculated from Formulae (20) and (21).
In SI units:
0,25)(9550)P,
N.D
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In US customary units:

5 (0,25)(63300)P,
N,.D

where

4.9
allo

4.9
gea
the

4.9

4.9

4.9
wh

F  isthe external thrust force, expressed in kN (1b.);

P is the rated power, expressed in KW (HP);

(21)

Ny 1s the rated speed, expressed In 1/ mir,

D is the shaft diameter at the coupling, expressed in mm (in).

3.2 Thrust forces for flexible-element couplings shall be calculated on the®asis of the
wable deflection permitted by the coupling manufacturer.

3.3 If the thrust forces from two or more rotors are carried by on€ thrust bearing (suc
" box or motor), the resultant of the forces shall be used, provided the directions of the f
m numerically additive; otherwise, the largest of the forces shall be used.

3.4 The basis for the sizing of thrust bearings shall be provided.
4 Bearing housings

4.1 Bearing housings shall be equipped with, replaceable labyrinth-type end seals and
re the shaft passes through the housing. Lip-type seals shall not be used. The seals and defl

be made of spark-resistant materials. Seals and deflectors shall be designed to retain oil in {

and

4.9

prevent entry of foreign material into the housing.

4.2 Bearing housings shall be arranged to minimize foaming. The drain system shall be ¢

maintain the oil and foam level below shaft seals.

4.9

4.9
toe
the

4.9
the

4.9.

con

4.1

4.3 Provisions for the(installation of required instrumentation shall be provided.

4.4 Where practical, oil and instrument connections shall be in the lower half of the bear
liminate the needfor their removal during bearing inspections. Instrument connections sh:
oil level.

4.5 *JIfspecified, provisions for locally disconnecting bearing temperature sensors’ wi
bearifng housing shall be provided.

maximum

h as from a
brces make

deflectors
bctors shall
he housing

dequate to

ng housing

11 be above

ring within

4.6 Oil flow control orifices used within the housing shall be replaceable and shall be id
tractual drawings.

0 Shaft and seals

4.10.1 General

entified on

4.10.1.1 Shaft seals and seal systems shall be provided to restrict or prevent process gas leaks to the
atmosphere over the range of specified operating conditions, including start-up, shutdown, settling-out,
or any other special conditions (air dry-out, etc.). The shaft seals and seal system shall be designed to
permit safe machine pressurization with the seal system in operation prior to process start-up.

©IS

02015 - All rights reserved

49


https://standardsiso.com/api/?name=0ec1ab8c0c61e528c7bc46b50925aa56

ISO 10439-1:2015(E)

4.10.1.2 *

NOTE

The purchaser shall provide the settling-out pressure.

against suction relief valve set pressure.

41013 T

he maximum sealing pressure shall be at least equal to the settling-out pressure.

4.10.1.4 Typical cross sections of various types of shaft end seals are given in Annex B.

If a value is not provided, the manufacturer will estimate a value which needs to be checked later

4.10.1.5 * Shaft seals may be one or a combination of the types described in 4.10.2 to 4.10.4, as specified.

The materi

4.10.1.6 S
and axial t
the maxim
pressure d

Any reference pressure measurements for pressure control systems shall be drilledydirectly into the up
Cavity and should be taken from ports used only for that pressure measurement to eliminpate
france losses. These ports should not be used for venting or supplying gas to the cavity.

half of the
exit and en

NOTE '

410.1.7 *
seal, and sq

4.10.1.8 T
mutually d

4.10.1.9 V)
shall state

dq

NOTE 1

NOTE2 4

4.10.1.10
including s

NOTE 4

4.10.1.11U

Jee ISO 10438-4:2007, Annex D for definitions of buffer and seal gas.

als for component parts shall be suitable for the service.

pal pressure equalizing lines and associated gas passages (including those for reference
hrust force balancing) shall be sized to maintain design shaft end seal performahnce at ty

op through equalizing lines at all conditions.

'his may not be practical on some smaller machines.

paration gas.

he method of control (flow control or pressure control) and system configuration shal
btermined.

/hen buffer gas or seal gas is specified\by the purchaser or required by the supplier, the supp
he gas requirements, including préssures, flowrates, and filtration.
API 614 5th edition is identicalto ISO 10438 (all parts):2007

Unless otherwise-specified, the supplier shall furnish the complete seal control sys
Chematic and bilkefimaterial. Seal systems shall be in accordance with ISO 10438 as applicg

\PI 614 5th edition is identical to ISO 10438 (all parts):2007.

nless.otherwise specified, interconnecting piping (if required) shall be furnished by the purch:

gas
Vice

lm initial design clearances. The lines and passages shall also be sized to maintain minimal

per

The purchaser shall specify composition and condijtions (pressure, temperature) of bulffer,

| be

lier

fem
ble.

ASEr.

4.10.1.12

Equipment supplier shall be responsible for the satisfactory function of the seal svs

fem

and shall coordinate with the seal manufacturer and purchaser.

4.10.1.13
made to pr

For compressors with sub-atmospheric pressure at the shaft end seals, provision shall be

essurize the seal(s) with gas at a pressure that is higher than the atmospheric pressure.

4.10.2 Clearance seals

4.10.2.1 The labyrinth seal (see Annex B) may include carbon rings, in addition to the labyrinths, if
approved by the purchaser. Labyrinths may be stationary or rotating.
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4.10.2.2 The restrictive-ring seal (a typical seal is shown in Figure B.3) shall include rings of carbon or
other suitable material mounted in retainers or in spacers. The seal may be operated dry, or with a sealing
liquid, or with a buffer gas.

4.10.2.3 Eductors or injection systems shall be furnished complete with piping, regulating and control
valves, pressure gauges, and strainers. Each item shall be piped and valved to permit its removal during
operation of the compressor. Where gas from the compressor discharge is used for the motivating power
of the eductor, provisions shall be made for sealing during start-up and shutdown. Instrumentation and
controls shall be provided to ensure proper eductor performance under all potential motive fluid and
compressor discharge pressure conditions.

NOTE Eductor performance can be sensitive to the motive and discharge pressure of the eductor.
4.10.3 Oil seals

4.19.3.1 Shaftend oil seal(s) shall be provided with provision(s) to inject conditioned buffer gps between
the[seal and the process gas.

4.10.3.2 The leakage from each seal which contacts the process gas.shall be piped to an irlJdependent
drajn pot.

4.10.3.3 Seal oil contaminated by the process gas that would'damage components such as beprings, seal
rings, O-rings, and couplings shall be piped away separately:to allow disposal or reconditioning.

4.19.3.4 *Ifspecified, and when separate lube and seal0il is required, the uncontaminated oil drain shall
be geparate from the bearing housing oil drain withvan internal seal with buffer provision provided to
preyent oil cross contamination.

4.10.3.5 Mechanical contact seals

4.10.3.5.1 The mechanical contact'seal (a typical seal is shown in Figure B.2) shall be prgvided with
labyrinths and slingers.

4.19.3.5.2 Oil or other suitable liquid furnished under pressure to the rotating seal faces may be supplied
fromp the lube-oil system or from an independent seal system. Mechanical seals shall be designed to
minlimize gas leaks whilé the compressor is pressurized and being shut down and after it is{stopped in
the fevent of seal-oil-failure.

4.19.3.5.3 Unless otherwise specified, the seal shall be provided with a device to provide sepling while
shufdown.and'when oil pressure is not applied.

4.103:6 Liquid film seal

4.10.3.6.1 The liquid-film seal (typical seals are shown in Figures B.4 and B.5) shall be provided with
sealing rings or bushings and labyrinths. Liquid-film seals may be cylindrical-bushing seals as shown in
Figure B.4 or pumping seals as shown in Figure B.5.

4.10.3.6.2 Unless otherwise specified, an elevated tank shall be provided with the required static head
to overcome system pressure losses (such as friction losses in internal passages and seal-oil piping) to
maintain positive sealing pressure. The supplier shall state the height of the tank reference mark above
the compressor centreline. Other means to maintain this differential pressure and positive seal may be
used with the purchaser’s approval.

4.10.4 Self-acting dry gas seal
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NOTE1  RefertoISO 10438-4:2007, Annex D for dry gas seal nomenclature.
NOTE2  SeeISO 10438-4:2007, Annex A for dry gas seal support system datasheets.
NOTE3  API-614 Part 4 is equivalent to ISO 10438-4.

4.10.4.1 The self-acting dry gas seal may be a single, tandem, tandem with intermediate labyrinth or
double configuration depending on the application. The self-acting dry gas seal requires external seal
gas. Typical configurations are shown in Figures B.6, B.7, B.8, and B.9. The seal gas shall be dry, filtered,
and free of any contaminants that form residues. The seal gas source shall be taken from the compressor
discharge, or with purchaser’s approval, an inter-stage point. An alternate seal gas source may be used
and may b¢ required during start-up or shutdown. The design of the gas seal support system is detdiled

in [SO 104

NOTE 1
mixtures ar

8-4.

aution is to be exercised when air is used as a separation or buffer gas. This is to ensure that explg
e not created when air is mixed with the seal outer leakage consisting of process gas.

sive

NOTE 2  API 614 5th edition is identical to ISO 10438 (all parts):2007.

4.10.4.2 Spal support systems for self-acting dry gas seals shall be in accordance-with ISO 10438-4.
NOTE API 614 5th edition Part 4 is identical to ISO 10438-4:2007.

4.10.4.3 BHach dry gas seal assembly, regardless of its arrangemeft,*shall be cartridge mounted nd
positively located and attached to the compressor shaft. For unidirectional seals, cartridges shal| be

designed t¢ prevent incorrect installation. The method and tolerances for locking the dry gas seal slgeve

to the rotdr shall be mutually determined between the sealédand compressor manufactures. The peal

mounting method shall be defined in the proposal.

4.10.4.4 Sgal vents and drains shall conform to the following:

a) Seal cdvities shall be designed to keep liguid-from the dry gas seals. Drains shall be located in|the
bottonp of all seal cavities to fully drain-the cavity.

b) The cdmpressor supplier shall define‘the sizing criteria (pressure drop and maximum flow) for
primary and secondary vents.

c) Drain $izing shall be such te-prévent blockage of the line.

NOTE There can be insufficient space for small compressors to have dedicated drain lines.

4.10.4.5 The suppliershall provide the following speed limits to prevent damage to the dry gas seals.

a) lift-off[speed<er'slow roll and coastdown operation;

b) acceptpble'speed range for turning gear;

c¢) maximum operating speed (for possible overspeed conditions);

d) minimum speed for continuous operation.

4.10.4.6 Seal gas supply shall be checked under all operating/static cases and lowest ambient
combinations to ensure adequate superheat.

4.10.4.7 Seal cartridge shall be equipped with anti-rotation and drive devices that shall be visible or
installed after seal installation. Blind pins or blind keys shall not be used. Pins or keys shall be replaceable
without compressor disassembly other than seal cartridge removal.
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4.11 Integral gearing
For integral gears, see ISO 10439-3.

NOTE For separate gear units, see 5.1.7.

4.12 Nameplates and rotation arrows

NOTE Information regarding nameplates and rotational arrows can be found in ISO 10439-2, ISO 10439-3, or
ISO 10439-4 as applicable.

4.1E.1 A nameplate shall be securely attached at a readily visible location on the equipmentjand on any
majlor piece of auxiliary equipment.

4.12.2 Nameplates and rotation arrows (if attached) shall be of austenitic stainless;steel or nigkel-copper
(UNS N04400) alloy. Attachment pins shall be of the same material. Welding to'attach the ndmeplate to
thelcasing is not permitted.

4.12.3 Where speed requires adjustment as a result of performance tésting, the nameplate ghall reflect
thege values.

NOTE Rated power on the nameplate can be the calculated value.provided it is within allowable|tolerances.
4.12.4 * Sl or US customary units shall be specified for use\on the nameplate.

4.12.5 Lateral critical speeds exhibited during the‘tunning tests shall be stamped on the|nameplate
follpwed by the word “test.” Lateral critical speeds predicted by calculation up to and includingthe critical
spegd above trip speed and not identifiable by.test shall be stamped on the nameplate folloved by the
abbreviation “calc.”

5 |Accessories
5.1 Drivers and gearing

5.1{1 Thedrivershall beofthe type specified, sized to meet the maximum specified operatingfconditions,
including external gear-Or coupling losses, and shall be in accordance with applicable specifidgations. The
driver(s) shall operate under the utility and site conditions specified.

5.1/2 The driver shall be sized to accept any specified process variations such as changes in the pressure,
temlperature,or properties of the fluids handled and plant start-up conditions.

5.1{3C+The driver shall be capable of starting under the process and utility conditions sp¢cified. The
starting method and WoTSt CasSe Starting torque requirements snall be agreed. T e driver s starting-torque
capabilities shall exceed the speed-torque requirements of the machine train.

5.1.4 Steam turbine drivers shall conform to ISO 10437. Steam turbine drivers shall be sized to deliver
continuously not less than 110 % of the maximum power required by the machine train, when operating
at any of the specified operating conditions and specified normal steam conditions.

NOTE1 For the purposes of this standard, API 612 is equivalent to ISO 10437.

NOTE 2  The 110 % applies to the design phase of the project. After testing, this margin may not be available
due to performance tolerances of the driven equipment.
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5.1.5 Motor drives shall conform to internationally recognized standards such as API 541 or API 546,
as applicable. (Motors that are below the power scope of API 541 or API 546 shall be in accordance with
IEEE 841.) Electric motor drivers shall be rated with a 1.0 S.F. The motor power shall be at least 110 %
of the greatest power required (including gear and coupling losses) for any of the specified operating
conditions. Consideration shall be given to the starting conditions of both the driver and driven equipment
and the possibility that these conditions may be different from the normal operating conditions.

NOTE1 The 110 % applies to the design phase of a project. After testing, this margin might not be available due
to performance tolerances of the driven equipment.

NOTE 2  Refer to ISO 10439-2:2015, 6.3.3.1.5 and ISO 10439-3:2015, 6.3.3.1.3 for allowable tolerances for fixed
speed applifations. The purchaser can specify additional motor power or removal of excess head.

5.1.6 Gag turbine drivers shall conform to API 616 and shall be sized as agreed taking account of|site
conditions) particularly variations in ambient air temperature.

5.1.7 Separate gear units shall conform to API 613.

NOTE For integral gears in compressors, see ISO 10439-3.
5.2 Couplings and guards

5.2.1 Nop-lubricated flexible couplings and guards between drivers and driven equipment shall be
supplied by the manufacturer of the driven equipment.

5.2.2 COIIplings, coupling to shaft junctures, and coupling gaards shall conform to ISO 10441. The mpke,
type, and mounting arrangement of the coupling shall be agreed by the purchaser and the supplier yith
unit responsibility of the driver and driven equipment.

NOTE1 Hor the purposes of this standard, API 671 is.equivalent to ISO 10441.

NOTE2  Yee API 614/1SO 10438 for coupling requirements for auxiliary equipment.

5.2.3 The supplier shall coordinate the.mounting of hubs.

NOTE Hubs can be mounted by equipment suppliers or by others in the field if required.

5.2.4 The¢ purchaser of theicoupling shall provide or include a moment simulator, as required for|the
mechanical running test.

5.2.5 *Ifspecified;the supplier shall provide ring and plug gauges in accordance with ISO 10441.[The
purchaser ghall spegify whether lapping tools are also required.

NOTE1  APE671:2010 is identical to ISO 10441:2007.

NOTE 2  Refer to API RP 687 for procedures to repair shaft end tapers using lapping tools.

5.2.6 When hydraulically fitted couplings are provided, the supplier shall provide all necessary
mounting tools to hydraulically remove and install each coupling. A common mounting fixture used for
all couplings is preferred.

5.3 Lubrication and sealing systems

5.3.1 If required, a pressurized oil system or systems shall be furnished to supply oil at a suitable
pressure or pressures, as applicable, to the following:

a) the bearings of the driver and of the driven equipment (including any gear);
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the continuously lubricated couplings
the governing and control-oil system;
the shaft seal-oil system;

the purchaser’s control system (if hydraulic).

5.3.2 Housings that enclose moving lubricated parts (such as bearings and shaft seals), highly polished
parts, instruments, and control elements shall be designed to minimize contamination by moisture, dust,

and

other foreign matter during periods of operation or idleness.

5.3
ISO

NOT

NOT
inI§

5.4

5.4

5.4

5.4
to §

5.4

3 Unless otherwise specified, pressurized oil systems shall conform to the requi
10438-1 and ISO 10438-2.

E1 API 614 5th edition is identical to ISO 10438 (all parts):2007.

E2 Expander-compressors utilize pressurized bearing housings and reseryoins. These details
0 10439-4.

Mounting plates
1 General
1.1 The equipment shall be furnished with soleplatés'or a baseplate, as specified.

1.2 Mounting plates (baseplates and soleplates) shall comply with the requirements
4.1.2.17.

1.2.1 Mounting plates shall be furnished with horizontal (axial and lateral) jackscrew

holdling these jackscrews shall be attached to the mounting plates in such a manner that

inte
vert
vert
alig
jack
ori
jack
lifte

5.4
sha
thai

rfere with the installation of the/equipment, jackscrews, or shims. Means for moving the
ically for removal or insertion of shims shall be provided. Precautions shall be taken
ical jackscrews (if providedd}inrthe equipment feet from marring the shimming surfaces. Sy
hment bolts shall be rigid\enough to permit the machine to be moved by the use of later
screws provided on the mounting plate. Alternative methods of lifting the equipment for 4]
hsertion of shims or-for moving the equipment horizontally, such as provision for the use ¢

d or moved hofizontally using jackscrews. Alignment jackscrews shall be plated for rust rq

| straddle the hold-down bolts and vertical jackscrews and be atleast 5 mm (1/4 in) larger
1 the équipment feet.

‘ements of

are covered

pf 5.4.1.2.1

s. The lugs
hey do not
equipment
to prevent
pports and
] and axial
he removal
f hydraulic

s, may be proposed:’Such arrangements should be proposed for equipment that is too feavy to be

sistance.

1.2.2 The'alignment shims shall be provided by the supplier in accordance with API RP 686 and

on all sides

5.4.1.2.3 All machinery mounting surfaces on the mounting plate shall be machined flat and parallel
to the axial plane(s) of the machinery mounting feet after fabrication and shall extend at least 25 mm (1
in) beyond the outer three sides of the equipment feet. These mounting surfaces shall meet the following

surfacesin

requirements:

a) each mounting surface shall be machined to a finish of 6 um (250 pin) Ra or better;

b) to prevent a soft foot, when the machine is installed on the mounting plate, all mounting
the same horizontal plane shall be within 25 um (0,001 in);

c) each mounting surface shall be machined within a flatness of 40 pum per linear m (0,000 5 in per
linear ft) of mounting surface;

d) different mounting planes shall be parallel to each other within 50 um (0,002 in).
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5.4.1.2.4 Machinery mounting plates and supports shall be designed to have sufficient strength and rigidity
to limit coupling movement (caused by imposing allowable forces and moments) to 50 um (0,002 in).

NOTE Refer to ISO 10439-2, ISO 10439-3, or ISO 10439-4 as applicable for allowable piping loads.
5.4.1.2.5 Unless otherwise specified, anchor bolts shall be furnished by the purchaser.
5.4.1.2.6 Anchor bolts shall not be used to fasten machinery to the mounting plates.

5.4.1.2.7 Grouted mounting plates shall be adequately sized to limit the static loading to 690 kN/m2
(100 psi) op the grout.

5.4.1.2.8 |Diametrical clearance between anchor bolts and the anchor bolt holes in the mounting plates
shall be a minimum of 6 mm (1/4 in).

5.4.1.2.9 |Unless otherwise specified, mounting plates shall be supplied with verticalléveling screwsg for
field leveling. A leveling screw shall be provided near each anchor bolt. If the equipment and mounfing
plates are [too heavy to be lifted using leveling screws, alternate methodsshall be provided by|the
equipment{supplier. The design of the alternate method shall be included incthe“proposal.

5.4.1.2.10|Mounting plate surfaces thatare embedded in grout shall have’ 50 mm (2 in) radiused minimpum
outside coyners (in the plan view). The embedded edges shall be chamfered or rounded. See Figure 3.
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Figure 5 — Typical mounting plate arrangement
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5.4.1.2.11 Machinery hold-down bolts and fasteners for attaching the equipment to the mounting shall
be provided by the equipment supplier.

5.4.1.2.12 Adequate working clearance shall be provided at the hold-down and jack bolt locations to

allow the u

se of standard socket or box wrenches to achieve the specified torque.

5.4.1.2.13 * The purchaser shall specify the manufacturer and specific type of epoxy grout used for field

Sa2

installation.

NOTE Specific types of epoxy grouts have different recommended primers.

5.4.1.2.14|Unless otherwise specified, the equipment supplier shall prepare the mounting plate;
commercially abrasive blasting all grout contacting surfaces in accordance with ISO 8501(Grade
(SSPC SP 6) and shall precoat these surfaces with a primer compatible with the specified epoxy grouf.
NOTE Epoxy primers have a limited life after application.

5.4.1.2.15|The equipment supplier shall provide details of the actual epoxy primer used.

5.4.1.2.16|All mounting surfaces that are not grouted shall be coated with a\rust preventive immediately
after machjning.

5.4.1.2.17|Unless otherwise specified, mounting plates shall not bie drilled for components mounted by
others.

5.4.2 Bapseplates

*

5.4.2.1
it. A basep
may be fab
machined 3

NOTE 4
ft) can requ

54.2.1.1
connection
leakage of

ate shall be a single fabricated steel unit; unless the purchaser and the supplier agree th
Ficated in multiple sections. Unless.atherwise specified, multiple-section baseplates shall 1
nd doweled mating surfaces which;shall be bolted together to ensure accurate field reassen

\ baseplate with a nominal length of more than 12 m (40 ft) or a nominal width of more than 4 m
re fabrication in multiple séctions because of shipping restrictions.

* If specified, base plates shall be equipped with a drip rim (see Figure 6). One minimum d
of at least 40 mm (NPS 1-1/2 in) size shall be supplied to ensure proper drainage of posg
he base plate mounted equipment.

When a baseplate is specified, the purchaser shall indicate the major equipment mounted on

ht it
ave
bly.

(12

Fain
ible
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I
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1 A i

Key

A |drains

1 [slop to drain

2 |level with baseplate to avoid tripping hazard

Figure’6 — Drip rim

5.4{2.2 Unless otherwise specified, theTunderside mounting surfaces of the baseplate shall be in one
plame to permit use of a single-level foundation.

5.4{2.3 All joints, including,deck plate and structural members, shall be continuously seal welded to
preyent crevice corrosion. Stiteh welding, top or bottom, is unacceptable.

5.4{2.4 *If specified,1on-skid decking or grating covering all walk and work areas shall be grovided on
the[top of the baseplate. When grating is provided, it shall be removable.

NOTE If, after'grouting, the purchaser plans to completely fill the baseplate with cement as a finished surface,
decking or grating is not required.

5.412.41° *If specified, horizontal solid-decked surfaces shall be sloped to avoid collection df liquid.

5.4.2.5 * If specified, the baseplate shall be designed for mounting on structural columns and shall
be sufficiently rigid without continuous grouting. The purchaser and the supplier shall agree on the
baseplate design.

5.4.2.6 * If specified, the baseplate shall be designed to facilitate the use of optical, laser, or other
instruments for field leveling during installation. Design details are described in 5.4.2.6.1 to 5.4.2.6.2. The
purchaser and the supplier shall agree on the final design.

5.4.2.6.1 When leveling pads or targets are provided, the pads or targets shall be located close to
the machinery support points and be accessible for field leveling with the equipment mounted and the
baseplate on the foundation. The leveling pads and targets shall have protective removable covers.
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5.4.2.6.2 For baseplates longer than 6 m (20 ft), additional pads and targets shall be provided at
intermediate points.

5.4.2.7 The baseplate shall be provided with lifting lugs for at least a four-point lift. Lifting lugs attached
to the equipment shall be designed using a maximum stress of one-third of the minimum yield strength
of the material. Welding applied to lifting lugs shall be continuous welds and be in accordance with
ISO 15614, AWS D1.1 or other agreed structural welding code. The welds shall be 100 % NDE tested in
accordance with the applicable code. Lifting the baseplate complete with all equipment mounted shall not
permanently distort or otherwise damage the baseplate or the equipment mounted on it.

5.4.2.8 When the baseplate is intended for grouting onto a concrete foundation, adequate access iall
be provided into each compartment so all load carrying structural members can be properly-grotted.
It shall be provided with at least one grout hole having a clear area of at least 100 cm?2 (16 in2) and no
less than 7 mm (3 in) in each bulkhead section. These holes shall be located to permit grouting urfder
all load carfrying structural members. Where practical, the holes shall be accessible for greuting with{the
equipment]installed. Vent holes at least 13 mm (1/2 in) in size shall be provided at the highest pointfand
located to yent the entire cavity of each bulkhead section of the baseplate.

5.4.2.9 Sppport for the equipment shall be located directly beneath the equipment feet and shall extend
in line vertjcally to the bottom of the baseplate.

5.4.2.10 *|If specified, the bottom of the baseplate shall have machined/mounting pads. These pads ghall
be machingd in a single plane after the baseplate is fabricated.

NOTE These machined mounting pads are necessary when thie baseplate is mounted on sub-soleplatgs or
structural steel members to facilitate field leveling.

5.4.2.11 *|If specified, sub-sole plates shall be provided by the supplier.
5.4.2.12 Unless otherwise specified, oil reservoirs shall be separate from the baseplate.

5.4.2.13 When the machine is properly alighed on the mounting plate in the shop, each hold-down polt
shall have 4 minimum clearance of 1,5mm (1/16 in) between the bolt and the bolt hole.

NOTE Hold-down bolts need adequate clearance within the bolt holes so the machinery can be mgved
laterally dufting final field alignmentwithout becoming bolt bound.

5.4.3 Soleplates and sub-soleplates

5.4.3.1 When soleplates are specified, they shall meet the requirements of 5.4.3.1.1 to 5.4.3.1.5.

5.4.3.1.1 |Soleplates shall be steel plates that are thick enough to transmit the expected loads from|the
equipment]feet to the foundation, but in no case shall the plates be less than 40 mm (1-1/2 in) thick.

5.4.3.1.2 Soleplates shall be large enough to extend beyond the feet of the equipment in all directions
and shall be designed such that the anchor bolts are not covered by machine feet.

5.4.3.1.3 * If specified, sub-sole plates shall be provided by the supplier.
5.4.3.1.4 When sub-sole plates are used, soleplates shall be fully machined top and bottom.

5.4.3.1.5 When sub-sole plates are specified, they shall be steel plates at least 25 mm (1 in) thick. The
finish of the sub-sole plates’ mating surfaces shall match that of the soleplates.
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Controls and instrumentation

1 General

5.5.1.1 The supplier shall provide sufficient machine performance data (in accordance with Clause 7)
to enable the purchaser to properly design a control system for start-up, for all specified operating
conditions, and for surge prevention.

5.5.1.2 * If specified, the supplier shall review the purchaser’s overall machine control
conppatibiiny The scape ol this review shall be aareed

5.5{1.3 The supplier shall supply information relevant to the purchased equipment-asinee
purghaser to design a control system.

5.5{1.4 * The purchaser shall specify which controls and instruments are{designed for

indgor installation.

5.5]1.5 * The purchaser shall specify required construction and insfallation standards fi
(se¢ 5.5.1.6)

5.5]1.6 Controls which are installed outside shall have a minimum ingress protection level

det
pro
the

5.5
or 3

5.5
eas
sea

5.5

5.5
and|

NOTI
stat

5.5

hiled in IEC 60529 or a NEMA 4 minimum rating per NEMA Standard Publication 250.
fection level is specified, the controls and instrumentation, equipment, and wiring shall c
construction requirements of IEC 60079.

1.7 *Terminal boxes shall have a minimumringress protection level of IP 66 as detailed in
NEMA 4X minimum rating per NEMA Standard Publication 250, as specified.

1.8 All conduit, armoured cable, anid supports shall be designed and installed so that {
ly removed without damage and shall be located so that they do not hamper removal ¢
s, or equipment internals.

2 Control systems

2.1 *The purchaser shall specify the method of control, the source of the control signal, its
range, and the equipment furnished by the supplier.

E Compressor control can be accomplished by suction throttling, variable inlet guide vary
prvanes,speed variation, a cooled bypass from discharge to suction, discharge blowoff, or discharg

2,25 * If specified, an anti-surge system shall be provided. The scope of supply shall be ag

system for

ded by the

putdoor or

br controls

of IP 65 as
Vhen IP 65
bmply with

[EC 60529

hey can be
f bearings,

sensitivity

es, variable
e throttling.

Ireed.

NOT

NOTE 2

E1 See AnnexG.

damage to the compressor. The scope of supply for these systems is process dependent.

5.5.

2.3 * If specified, the supplier shall supply the anti-surge valve. The supplier shall i

following information associated with the valve sizing.

a)
b)

A

©IS

Anti-surge systems are generally required to prevent operating in unstable regions which can cause

dentify the

the supplier shall identify the conditions upstream and downstream of the anti-surge valve;

the supplier shall identify the per cent open valve position used during the sizing;

the supplier shall identify the time required to stroke the valve from full closed to full open.
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The pressure drop between the valve and the compressor inlet and the valve and the compressor
discharge shall be defined by the purchaser at maximum design recycle volume to properly size the valve.

5.5.2.4 * If specified, the supplier shall supply the results of an anti-surge system transient response
simulation.

The purchaser shall supply information on the process components such as piping, coolers, vessels, etc.,
their volumes and associated pressure drops to develop a simulation model.

5.5.3 Instrument and control panels

Refer to ISP 10438 for details on instrument and control panels.

NOTE API 614 5th edition is identical to ISO 10438 (all parts):2007.

5.5.4 Instrumentation

Refer to 140 10438 for details on instrumentation and API 670 for details on TnStrumentation pnd
installation.

NOTE API 614 5th edition is identical to ISO 10438 (all parts):2007.

5.5.5 Alarms, shutdowns, and control systems
Refer to ISP 10438 and API 670 for details on alarms, shutdownsyand control systems.

NOTE API 614 5th edition is identical to ISO 10438 (all parts):2007.

5.5.6 El¢ctrical systems
Refer to ISP 10438 for details on electrical systems.

NOTE API 614 5th edition is identical to 1SO~10438 (all parts):2007.

5.5.7 Vibration, position, and bearing temperature detectors

Vibration, [position, and bearing temperature detectors shall be covered in ISO 10439-2:2015, |5.5,
ISO 1043943:2015, 5.5, and ISO 10439-4:2015, 5.5.

5.6 Pipipg and appurtenances

5.6.1 Gepneral

5.6.1.1 Auxiliary piping shall be in accordance with ISO 10438.

NOTE API 614 5th edition is identical to ISO 10438 (all parts):2007.

5.6.1.2 Auxiliary systems furnished shall be in accordance with ISO 10438-2 and ISO 10438-4.

NOTE API 614 5th edition is identical to ISO 10438 (all parts):2007.

5.6.1.3 Auxiliary systems are defined in ISO 10438.
NOTE1 Casing connections are discussed in 4.6.4.

NOTE 2  API 614 5th edition is identical to ISO 10438 (all parts):2007.
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5.6.1.4 Auxiliary piping to the machine shall have breakout spools to allow for maintenance and for
removal of the entire machine.

5.6.1.5 Provision shall be made for bypassing the bearings (and seals if applicable) of all equipment in
the train during oil system flushing operations.

NOTE Generally, this is accomplished by short spool pieces at the equipment.

5.6.1.6 Provision shall be made for bypassing the dry gas seals to allow blowing of the supply lines
prior to operation.

5.6
Inst

NOT

5.6
Pro

NOTI
5.7

5.7
thej

multiple-unit installations, the requirements for’quantities of special tools and fixtures shal
veen purchaser and supplier. These special tools shall be used, and their use demonstrafted, during

bet}
sho

5.7
maip
intdg

5.7
box

5.7

6

2 Instrument piping
rument piping, if furnished, shall be in accordance with ISO 10438-2.

E API 614 5th edition is identical to ISO 10438 (all parts):2007.

3 Process piping
cess piping, if furnished, shall be in accordance with ISO 10438

E API 614 5th edition is identical to ISO 10438 (all parts):2007
Special tools

1 When special tools or fixtures are required todisassemble, assemble, or maintain the

p assembly and post-test disassembly of'the equipment.

2 When special tools are provided, they shall be packaged in a separate, rugged box(es) 3
ked “special tools for (tag/item number).” Each tool shall be stamped or metal tagged to
nded use.

2.1 *Ifspecified, thepurchaser shall identify packaging requirements for special tools su
es or other specificipackaging.

2.2 The supplier shall supply a complete list of special tools and instructions for proper

Inspection, testing, and preparation for shipment

bquipment,

r shall be included in the quotation and furnished as part of the initial supply of the equipment. For

be agreed

nd shall be
indicate its

ch as metal

use.

6.1

AV

C
aCTICT ar

6.1.1 After advance notification to the supplier, the purchaser’s representative shall have entry to all
supplier and subsupplier plants where manufacturing, testing, or inspection of the equipmentis in progress.

6.1.2 The supplier shall notify subsuppliers of the purchaser’s inspection and testing requirements.

6.1.3 * The purchaser shall specify the amount of advance notification required for a witnessed or
observed inspection or test.

©IS
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6.1.4

* The purchaser shall specify the extent of his participation in the inspection and testing.

6.1.4.1 When shop inspection and testing have been specified, the purchaser and the supplier shall

coordinate

manufacturing hold points and inspectors’ visits.

6.1.5 Equipment materials and utilities required for the specified inspection and tests shall be provided
by the supplier.

6.1.6

* If specified, the purchaser’s representative, the supplier’s representative, or both shall indicate

Comp]iancr inaccordance with the incppf‘fnr'c checklist (lQﬂ 10439-2:2015 Annex E S0 10439-3:2015,

Annex E, off ISO 10439-4:2015, Annex E as applicable) by initialling, dating, and submitting the complg¢ted

form beforg shipment.

6.1.7 Th¢ purchaser’s representative shall have access to the supplier’s quality control program for review.

6.1.8 Unless otherwise agreed, witnessed mechanical running or performance jtests require wriften

confirmati¢n of a successful preliminary test.

NOTE Jee 6.1.3; notification need not wait until the successful preliminary testiS completed.

6.2 Inspection

6.2.1 General

6.2.1.1 The supplier shall keep the following data available‘for at least 20 years:

a) necessary certification of materials, such as mill\tést reports, for pressure containing parts pnd
rotatirng elements;

b) testdata and results to verify that the requirements of the specification have been met;

c) fullyidentified recordsofall heattreatment whether performed in the normal course of manufacfure
or as part of a repair procedure;

d) resultg of quality control testsland inspections;

e) detailq of all repairs;

f) as-built assembly and niaintenance clearances;

g) other flata specified by the purchaser or required by applicable codes and regulations (see[4.2
and 7.3.1.1);

h) purchgse’specifications for all major items on bills of materials.

6.2.1.2 Pressure-containing parts shall not be painted until hydrotest of the parts is completed. When
a helium leak test after hydrotest is required (see 6.3.2), this requirement shall also apply.

6.2.1.3 * In addition to the requirements of 4.5.1.4 and the materials specifications, the purchaser
shall identify

a) parts that shall be subject to surface and subsurface examination;

b) the type of examination required, such as magnetic particle, liquid penetrant, radiographic, or

ultrasonic examination.
NOTE Material specifications contain mandated and may also contain supplemental inspections.
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6.2.1.4 During assembly of the equipment, each component (including integrally cast in passages) and
all piping and appurtenances shall be inspected to ensure they have been cleaned and are free of foreign
materials, corrosion products, and mill scale.

6.2.1.5 * If specified, the equipment and all piping and appurtenances shall be inspected for
cleanliness, before heads are welded onto vessels, openings in vessels or exchangers are closed or
piping is finally assembled.

6.2.1.6 * If specified, the hardness of parts, welds, and heat-affected zones shall be verified as being
within the allowable values by testing. The method, extent, documentation, and witnessing of the testing
shall be agreed.

6.2)2 Material inspection
6.2)2.1 General

6.2)2.1.1 When radiographic, ultrasonic, magnetic particle, or liquid penetrant inspection pf welds or
matferials is required or specified, the recommended practices in 6.2.2.2%96.2.2.5 shall apply unless other
corresponding procedures and acceptance criteria have been specified:

6.2)2.1.2 Castiron may be inspected in accordance with 6.2.2.4 and/or 6.2.2.5.

6.212.1.3 Welds, cast steel, and wrought material may be.inspected in accordance with 6.2.2.p to 6.2.2.5.

NOTE1 The material inspection of pressure-containing parts is covered in 4.6.3; impellers, in 4.7.]L0.7.

NOTE 2  Since the specification for the actual component being inspected depends on metallurgy] component
geolﬁetry, and method of manufacture, specific procedures and acceptance standards for the apglication are
normally covered by written standards, develeped by the manufacturer for the specific application.

6.2{2.1.4 Acceptance standards for6:2.2.2 to 6.2.2.5 shall be agreed.

NOTE APIRP 687:2001, Chapter.1, Section 3, Table of Generalized NDE Acceptance Criteria can lje consulted
andjused as a guide.

6.2{2.2 Radiographiciinspections

Radiography shall bebased upon the procedures of ASTM E94, or appropriate country codes andstandards.

6.2{2.3 Ultrasonic inspection

Ultrrasonieinspection shall be based upon the procedures ASTM A609 (castings), ASTM A384 (forgings),
or ASTM A578 (plate), or appropriate country codes and standards.

6.2.2.4 Magnetic particle inspection

Both wet and dry methods of magnetic particle inspection shall be based upon the procedures of
ASTM E709 or appropriate country codes and standards.

6.2.2.5 Liquid penetrant inspection

Liquid penetrant inspection shall be based upon the procedures of ASTM E165 or appropriate country
codes and standards.

© IS0 2015 - All rights reserved 65


https://standardsiso.com/api/?name=0ec1ab8c0c61e528c7bc46b50925aa56

ISO 10439-1:2015(E)

6.3 Testing

6.3.1 General

6.3.1.1 Equipment shall be tested in accordance with 6.3.2 to 6.3.6. Other tests that may be specified by
the purchaser are described in 6.3.7.

6.3.1.2 Notification requirements are covered in 6.1.3; however, hydro and running test requirements
shall not be less than 5 working days before the date the equipment shall be ready for testing. If the

testing isr

shall be agr

6.3.2 Hydrostatic test

6.3.2.1 P
maximum
bar (20 ps

6.3.2.2 T
under pres
through th
a longer te
required fo

6.3.2.3 T
50 mg/kg (|
of evaporat

6.3.3 OV

6.3.3.1 1

Each impe
speed for 3
(such as bq
All such m
following t
tolerances

NOTE y
resultofap

eed.

ressure casings shall be tested hydrostatically with liquid at a minimum 6£¥-1/2 times
allowable working pressure. The minimum hydrotest pressure shalljtot be less than

).

ests shall be maintained for a sufficient period of time to permit complete examination of p
sure. The hydrostatic test shall be considered satisfactory when neither leaks nor seef
e casing or casing joint is observed for a minimum of 30 mint Large, heavy castings may req
sting period as agreed by the purchaser and the supplier. Seepage past internal clos
I testing of segmented cases and operation of a test pump to maintain pressure is accept

he chloride content of liquids used to test austettitic stainless steel materials shall not exd
50 parts per million). To prevent deposition of-Ghlorides on austenitic stainless steel as a re
ive drying, all residual liquid shall be removed from tested parts at the conclusion of the t

erspeed test

mpeller overspeed test

ler shall be subjected to @n overspeed test at not less than 115 % of maximum continy
minimum duration of 1.ain. Impeller dimensions identified by the manufacturer as crit
re, eye seal, and outside diameter) shall be measured before and after each overspeed
pasurements and.-the'test speeds shall be recorded and submitted for the purchaser’s rey
he test. Any perindnent deformation of the bore or other critical dimension outside draw
might be causefor rejection.

'he manufacturer can consider additional margin in the event that speed needs to be increased
erformance test.
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xial hlading

Axial blading requirements are covered in ISO 10439-2.

6.3.4 Dry gas seals

Dry gas seals shall be tested at seal supplier’s shop per the requirements of Annex F.

6.3.5 Mechanical running test

NOTE

ISO 10439-4 as applicable.

66

For additional specifics regarding mechanical running tests, see ISO 10439-2, ISO 10439-3, or
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6.3.5.1 All contract proximity probe and accelerometers shall be used during the test and their
measurements shall be the basis for acceptance. Matched sets consisting of oscillator-demodulators and
cables shall be either the contract equipment or shop equipment.

6.3.5.2 Shop test facilities shall include the capability of continuously monitoring, displaying, recording,
and printing vibration displacement and phase, vibration spectra, Bode plots, and shaft orbits.

6.3.5.2.1 *Ifspecified, the user may furnish their own vibration equipment to record baseline readings.

6.3.5.2.2 The vibration characteristics determined using the instrumentation cppr‘iﬁ'p(‘] in 5.5 shall be
the |basis for acceptance or rejection of the machine (see 4.8.8.8).

6.3/5.3 At least 6 weeks prior to the first scheduled running test, the suppliershall submit to the
purthaser detailed procedures for the mechanical running test and all specifiedsunning opfional tests
including acceptance criteria.

6.3J5.4 For units with oil seals, no individual shaft end seal shall have ateakage rate greatei than 70 %
of the total expected leakage from all shaft seals in a single machine.

6.3)5.5 Alljoints and connections shall be checked for tightness, and any leaks shall be corrpcted.

6.3]5.6 All warning, protective, and control devices used during the test shall be checked and
adjyisted as required.

6.3/5.7 All instrumentation used for the tests shall*have valid calibration at the time of the test.

6.3/5.8 Entrance of oil into the machine(s) during the mechanical running test is prohibited.

NOTE Typically, buffer gas or other facilities are provided to accomplish this.

6.3]5.9 During the mechanical running test, the requirements of 6.3.5.9.1 to 6.3.5.9.6 shall He met.

6.3)5.9.1 During the mechanical running test, the mechanical operation of all equipment being tested
and| the operation of the testinstrumentation shall be satisfactory.

6.3/5.9.2 The measured unfiltered vibration shall not exceed the limits of 4.8.8.8 and shall He recorded
thrgughout the operating speed range.

6.315.9.3 _Synichronous vibration amplitude and phase angle versus speed during deceleratfon shall be
plotted before and after the 4 h run. Both the synchronous (one per revolution) and overall vibration
levgls-shall be plotted. The speed range covered by these plots shall be from trip speed to 400]r/min.

6.3.5.9.3.1 * If specified, these data shall also be furnished in polar form. The speed range covered
by these plots shall be from trip speed to 400 r/min.

6.3.5.9.4 * If specified, all real-time vibration data as agreed by the purchaser and supplier shall be
recorded and a copy provided to the purchaser.

6.3.5.9.5 The following seal flow data shall be taken during the compressor mechanical running test:
a) for compressors with oil seals, inner oil leakage shall be measured at each seal;
b) for single dry gas seals, flow in the vent line from each seal shall be measured;

c) fortandemdrygasseals,flowinthe primaryand secondaryventline from each seal shall be measured;
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d) for double dry gas seals, the total flow to each seal shall be measured.

NOTE 1
manufactur

NOTE 2

6.3.5.9.6

er (see Annex F for the requirements).

* If specified, lube-oil and seal-oil inlet pressures and temperatures shall be varied thro

Dry gas seal performance at contract conditions is normally demonstrated in separate tests by the seal

Flow in the vents of single or tandem seals can include buffer or separation gas, in addition to seal leakage.

ugh

the range specified in the compressor operating manual. This shall be done during the 4-h test. This
option, when specified, does not constitute a waiver of the other specified test requirements.

6.3.5.9.7
shop lube ¢

6.3.5.10 U
mechanica

6.3.5.10.1
running tes

6.3.5.10.2

modify othler parts is required to correct mechanical or performance deficiencies, the initial test s

not be accqd
A mechani
requiremel

6.3.5.10.3

for rerunning the test.

6.3.5.10.4
nor affect fi

When the lube oil specified on the data sheet is not available, the test may be conductedu
il conditioned to a viscosity equivalent to that of the specified oil at site operating canditi

nless otherwise specified, the requirements of 6.3.5.10.1 to 6.3.5.10.4 shall be /met after
running test is completed.

All hydrodynamic bearings shall be removed, inspected, and reassembted after the mechar
t is completed.

If replacement or modification of bearings or seals or dismantling of the case to replac
ptable, and the final shop tests shall be run after these replacements or corrections are m

Cal retest is not required when the compressor case shall be dismantled to comply with
nts of 6.3.5.10.1.

If minor scuffs and scratches occur on bearings;‘cosmetic repairs of these parts are not a c3

For liquid film seals, minor scratches/due to dirt particles which do not dimensionally chd
inctionality of the part are not a cause for rerunning the test.

bing
bNS.

the

ical

P Or
hall
hde.
the

use

nge

6.3.5.11 *|If specified, shaft end seals shall be removed for inspection following a successful running fest.
NOTE Inspection of cartridge seals/can require that the seal be returned to the seal manufacturer’s facility.
6.3.6 Aspembled machine gas leakage test

For assembled gas leakdesting, refer to ISO 10439-2, ISO 10439-3, or ISO 10439-4 as applicable.

6.3.7 Ogptionaltests

NOTE Additional optional tests are covered in ISO 10439-2, ISO 10439-3, or ISO 10439-4 as applicable.
6.3.7.1 * Performance test

Performance testing requirements for specific equipment types are covered in ISO 10439-2,1S0 10439-3,
or ISO 10439-4 as applicable.

*

6.3.7.2

Field performance testing

6.3.7.2.1 The purchaser shall advise the supplier of any plans to verify compressor performance by
site testing of the installed compressor train. The testing shall be conducted with the compressor in as
new condition and gas conditions conforming to specification as nearly as practical. Testing shall be in
accordance with an agreed performance test code.
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NOTE1 Asaguide, on-site testing can be conducted in accordance with ASME PTC-10 or ISO 5389.

NOTE 2  There is no expander-compressor test code. Field performance testing of expander-compressors will
be as agreed.

6.3.7.2.2 Testing tolerances shall be jointly determined and applied to test results.

6.3.7.3 * Gas test after hydro

The compressor casing shall be tested for gas leakage with helium at the maximum allowable working
pre SSUre. The test shall ba r‘nndur‘fnd with the r‘acing cubmnrgnd inwater The maxHRUN allowab]e
working pressure shall be maintained for a minimum of 30 min., with no bubbles perfinifted. As an
altgrnative, a non-submerged soap-bubble test may be performed if approved by the purchasé¢r. This test
is dpne immediately after hydrotest.

6.3]7.4 * Sound-level test
The sound-level test shall be performed in accordance with purchaser requirements.

NOTE This test cannot reflect field sound levels due to shop test envirentent.

6.3]7.5 * Auxiliary-equipment test

Auxiliary equipment such as oil systems and control systéis shall be tested in the supplier’s shop.
Dethils of the auxiliary-equipment tests shall be developedyjointly by the purchaser and the gupplier.

6.3]7.6 * Post-test inspection of compressor internals

The compressor shall be dismantled, inspectéds’and reassembled after satisfactory complgtion of the
meg¢hanical running test. The gas test shall be performed after the post-test inspection.

NOTE The merits of post-test inspectionof compressor internals can be evaluated against th¢ benefits of
shigping a unit with proven mechanical-asseémbly.

6.3{7.7 * Full-pressure/Full-lead/Full-speed test

The details of the full-pressure/full-load/full-speed test shall be developed jointly by the purjchaser and
the[supplier. This test may/be substituted for the mechanical running test.

6.3]7.8 * Post-teStjinspection of the hydraulic coupling fit

After the running tests, hydraulically mounted couplings shall be inspected by comparing hub/shaft
match marks‘to ensure that the coupling hub has not moved on the shaft during the tests.

6.3]709, " * Spare-parts test

Spare parts such as rotors, gears, diaphragms, bearings, and seals shall be tested as specified.
6.4 Preparation for shipment

6.4.1 Equipment shall be prepared for the type of shipment specified, including blocking of the rotor
when necessary. Blocked rotors shall be identified by means of corrosion-resistant tags attached with
stainless steel wire. The preparation shall make the equipment suitable for 6 months of outdoor storage
from the time of shipment, with no disassembly required before operation, except for inspection of
bearings and seals. If storage for a longer period is contemplated, the purchaser shall consult with the
supplier regarding the recommended procedures for the equipment.
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6.4.2 The supplier shall provide the purchaser with the instructions necessary to preserve the integrity
of the storage preparation after the equipment arrives at the job site and before start-up.

NOTE API RP 686:2009 Chapter 3 defines the minimum requirements for protecting project machinery and
related components from deterioration while in field storage, after installation, and during the period prior to
commissioning.

6.4.3 The equipment shall be prepared for shipment after all testing and inspection have been completed
and the equipment has been released by the purchaser. The preparation shall include that specified in 6.4.3.1
to 6.4.3.14 (see ISO 10439-2:2015, Annex B, ISO 10439-3:2015, Annex B, and ISO 10439-4:2015, Annex B).

6.4.3.1 cept for machined surfaces, all exterior surfaces that may corrode during shipment, stor
or in servige, shall be given at least one coat of the manufacturer’s standard paint. The paint'shall
contain lead or chromates.

hge,
not

NOTE Austenitic stainless steels are typically not painted.

6.4.3.2 Exterior-machined surfaces except for corrosion-resistant material shall be coated with a

rust preventive.

6.4.3.3 T
objects. Th

6.4.3.4
with an oil

6.4.3.5 F
elastomer
intended s
cover cann

6.4.3.6 T

non-metallic (such as plastic) caps or pliags'be used.

NOTE ’

6.4.3.7 O
prevent en

6.4.3.8 L
The recom

Internal surfaces of bearing housings and carbon steel 0il'\Systems’ components shall be co4

he interior of the equipment shall be clean and free from scale;-welding spatter, and for
e selection and application of preservatives or rust preventives shall be agreed.
soluble rust preventive that is compatible with theubricating oil.

langed openings shall be provided with metdl*closures at least 5 mm (3/16 in) thick ¥
baskets and at least four full-diameter bolts-’For studded openings, all nuts needed for
brvice shall be used to secure closures. Each opening shall be car sealed so that the protec
bt be removed without the seal being broken.

hreaded openings shall be provided with steel caps or round-head steel plugs. In no case g

'hese are shipping plugs; peymanent plugs are covered in 4.6.4.3.8.5.

penings that have been bevelled for welding shall be provided with closures designe
france of foreign materials and damage to the bevel.

ifting point§’and lifting lugs shall be clearly identified on the equipment or equipment pack
mendedlifting arrangement shall be described in the installation manual.

bign

ted

vith
the
tive

hall

1 to

nge.

6.4.3.9 T
shall be id

he-equipment shall be identified with item and serial numbers. Material shipped separately

entified with securely affixed, corrosion-resistant metal tags indicating the 1tem and Serial

number of the equipment for which it is intended. Crated equipment shall be shipped with duplicate
packing lists, one inside and one on the outside of the shipping container.

6.4.3.10 A spare rotor, when purchased, shall be prepared for unheated indoor storage for a period of at
least 3 years. It shall be treated with a rust preventive and shall be housed in a vapour-barrier envelope
with a slow-release volatile-corrosion inhibitor. The rotor shall be crated for domestic or export shipment
as specified.

6.4.3.10.1 * If specified, spare rotors shall be shipped in a container capable of nitrogen pressurization
and suitable for long term vertical or horizontal storage. Rotors shall have rust preventative coatings
unless otherwise specified.
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NOTE1 Relying on nitrogen for long-term storage protection requires that the owner provide PPM to ensure
that a nitrogen source is constantly available. This may also require outdoor storage due to hazards associated
with leaking nitrogen in an enclosed area.

NOTE 2  Some process gases are not compatible with rust preventative coatings.

6.4.3.11 A suitable resilient material 3 mm (1/8 in) thick [not tetrafluoroethylene (TFE) or
polytetrafluoroethylene (PTFE)] shall be used between the rotor and the cradle at the support areas. The

rotor shall not be supported on journals. The probe target areas shall be identified and protected.

NOTE

TFE and PTFE are not recommended as cradle support liners since they could flow and

impregnate

intol

6.4
cou

danpaging the shaft. Instructions on the use of the fixture shall be included in the‘ifistallation

and|

6.4
con|

6.4
or v
end

6.4
or |
Sen

6.4

6.4
witl

6.4

7

7.1

7.1

the surface.

3.12 * If specified, the rotor shall be prepared for vertical storage. It shall be support
pling end with a fixture designed to support a minimum of 1,5 times the rotor’s weig

maintenance manuals.

3.13 * If specified, the fit-up and assembly of machine-mounted piping and intercoolg
pleted in the supplier’s shop prior to shipment.

3.14 Exposed shafts and shaft couplings shall be wrapped-with waterproof, mouldable
olatile-corrosion inhibitor paper. The seams shall be sealed’with oil-proof adhesive tapg
shall be protected against incidental mechanical damage.

4 Auxiliary piping connections furnished on thepurchased equipment shall be impressi
ermanently tagged to agree with the supplieris connection table or general arrangeme
Fice and connection designations shall be indicated.

5 Connections on auxiliary piping removed for shipment shall be match marked for ease of 1

6 One copy of the manufacturer’s standard installation instructions shall be packed a
1 the equipment.

7 Wood used in export shipping shall comply with the requirements of ISPM Pub. No.15

Supplier’s data
General

1 «The information furnished by the supplier is specified in 7.2 and 7.3.

bd from its
ht without
operation,

rs shall be

vaxed cloth
. The shaft

In stamped

t drawing.

eassembly.

hd shipped

FAO, Rome.

7.1.2 The data shall be identified on transmittal (cover) letters, title pages and in title blocks, or other
prominent position on the drawings, with the following information:

a) the purchaser/owner’s corporate name;

b) thejob/project number;

c) the equipmentitem number and service name;

d) theinquiry or purchase order number;

e) any other identification specified in the inquiry or purchase order;
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f) the supplier’s identifying proposal number, shop order number, serial number, or other reference
required to completely identify return correspondence.

7.1.3 A coordination meeting shall be held, preferably at the supplier’s plant, within an agreed time
after the purchase commitment. The supplier shall prepare and distribute an agenda prior to this meeting,
which, as a minimum, shall include discussion of the following items:

a) the purchase order, scope of supply, unit responsibility, sub-supplier items, and lines of
communication;

b) the datasheets:

c) applicable specifications and previously agreed exceptions;
d) schedyles for transmittal of data, production, and testing;
e) the quality assurance program and procedures;

f) inspection, expediting, and testing;

g) schemptics and bills of material for auxiliary systems;

h) the general arrangement of equipment, piping, and auxiliary systems.{operating and maintengdnce
access|areas shall be reviewed and access for any parts required for‘maintenance shall be detailpd);

i) coupling selections and rating;

j)  thrustf and journal-bearing sizing, estimated loading and:specific configurations;

k) seal opgeration and controls;

1) the rofor dynamics analysis and data (lateral, torsional, and transient torsional, as required);

m) machinhe performance for normal and other_specified conditions and other operating conditipns,
such a§ start-up, shutdown, and any operating limitations;

n) instrumentation and controls;
0) items for design reviews;

p) other fechnical items.

7.1.4 * If specified, in dddition to the coordination meeting, a design audit/review meeting shall be
held at the| supplier’s_plant sufficiently after the coordination meeting to allow for a detailed techrfical
informatioh review,The purchaser shall prepare a list of items required for review and distribute|the
agenda pripr to thexieeting.

7.2 Proposals

7.2.1 General

The supplier shall forward the original proposal with the specified number of copies, to the addressee
specified in the inquiry documents. The proposal shall include, as a minimum, the data specified in 7.2.2
to 7.2.4, and a specific statement that the equipment and all its components are in strict accordance with
this standard. If the equipment or any of its components or auxiliaries is not in strict accordance, the
supplier shall include a list that details and explains each deviation. The supplier shall provide sufficient
detail to enable the purchaser to evaluate any proposed alternative designs. All correspondence shall be
clearly identified in accordance with 7.1.2.
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7.2.2 Drawings

7.2.2.1 The drawings indicated on the Supplier Drawing and Data Requirements or (VDDR form see
[SO 10439-2:2015, Annex B, ISO 10439-3:2015, Annex B, or ISO 10439-4:2015, Annex B as applicable)
shall be included in the proposal. As a minimum, the following shall be included:

a) Ageneral arrangementor outline drawing for each machine train or skid-mounted package, showing
overall dimensions, maintenance clearance dimensions, overall weights, erection weights, and the
largest maintenance weight for each item. The direction of rotation and the size and location of
major purchaser connections shall also be indicated.

b) |Cross-sectional drawings of major equipment showing the details of the proposed equijrnent.

c) |Representative schematics of all auxiliary systems including, lube oil, seal oil, or self<acting dry gas,
control, and electrical systems. Bills of material shall be included.

d) [Sketches that show methods of lifting the assembled machine or machines, packages,|and major
components and auxiliaries. [This information may be included on the drawings specified in
item a) above.]

7.2{2.2 If typical drawings, schematics, and bills of material are used, major design deviatiqns shall be
cledrly marked on the drawings. They shall also be marked up to show-the expected weight and ¢limensions
to reflect the actual equipment and scope proposed.

7.2{3 Technical data
The following data shall be included in the proposal:

a) |The purchaser’s data sheets with complete supplier’s information entered thereon and literature to
fully describe details of the offering.

b) |The predicted noise data (4.4.1.10).

c) |Thesupplierdrawingand datarequirements form (see SO 10439-2:2015, Annex B, S0 10439-3:2015,
Annex B, or ISO 10439-4:2015,-Annex B as applicable) indicating the schedule accordirlg to which
the supplier agrees to transmit all the data specified.

d) |A schedule for shipment-of the equipment, in weeks after receipt of an order.
e) |Alistofmajor wearing components,showingany interchangeability with the owner’s existing machines.
f) |Alist of spare parts recommended for start-up and normal maintenance purposes.
g) |Alist ofthe special tools furnished for maintenance

h) |A description of any special weather protection and winterization required for start-up] operation,
dnd periods of idleness, under the site conditions specified on the data sheets. This descrjption shall
Clearty indicate the protection furnished by The purchaser, as well as that inciuded I the supplier’s
scope of supply.

i) Acomplete tabulation of utility requirements, e.g. steam, water, electricity, air, gas, lube oil (including
the quantity and supply pressure of the oil required and the heat load removed by the oil), and the
nameplate power rating and operating power requirements of auxiliary drivers. Approximate data
shall be clearly indicated as such.

j)  Adescription of any optional or additional tests and inspection procedures for materials as required.

k) A description of how special requirements are addressed, whether specified in the purchaser’s
inquiry or as mandated in this standard.
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1) Alist of machines, similar to the proposed machine(s), that have been installed and operating under
conditions analogous to those specified in the inquiry.

m) Any start-up, shutdown, or operating restrictions required to protect and operate the equipment.

n) List of any components that can be construed as being of alternative design, hence requiring
purchaser’s acceptance (see 7.2.1).

0) A summary of the materials of construction, including hardness for materials exposed to H;S (see
4.5.1.6) and a detailed description of the impeller (type of construction, materials, and method of
attachment to the shaft) or blade.

p) If oil spals are supplied, the maximum seal-gas rates and rated or expected inner seal-oil lealage
rates, if applicable, shall be supplied. The inner seal-oil leakage shall be given on the basis 6fyvolfime
per day per machine at design gas or oil differential pressures and normal machine speed:

q) Ifself-acting dry gas seals are supplied, expected seal gas(es) requirements and ventflows shall be
given flor all specified operating conditions including start-up, shutdown, and settling-out.

r) If cleafance seals are supplied, expected and guarantee buffer injectionand eduction flow$ as
applicgble shall be supplied for all specified operating conditions includidgstart-up, shutdown, pnd
settling-out.

s) Maxinjum and minimum allowable seal pressures for each compressor.

t) Ifinterstage coolers or aftercoolers are furnished by the supplier, data for the purchaser’s heat and
material balances shall be supplied.

u) Drawings, details, and descriptions of the operations«of*instrumentation and controls, as well as
the mgkes, materials, and types of auxiliary equipment. The supplier shall also include a complete
description of the alarm and shutdown facilities provided.

v) The mfnimum length of straight pipe required.for proper flow characteristics at the inlet and atfany
side injet connection.

w) A stat¢ment of the manufacturer’s capability regarding testing (including performance testing) of
the compressor and any other spedifiéd items on the train. Details of each optional test specified
shall b included.

7.2.4 Cufves

Performanke curves shall-be’ submitted for each process section of each casing, as well as an ovdrall
curve for the train. TheSeeurves shall encompass the map of operations, with any limitations indicqted
thereon. A]l curves shall'be marked “PREDICTED”.

NOTE A process section is one or more impellers separated by an inlet or extraction connection to procegs or
intercoolery.

7.2.4.1 Curves for variable-speed compressors shall include the following: discharge pressure, power,
polytropic head, and polytropic efficiency versus inlet capacity (from predicted surge point to overload)
at minimum operating speed and 80 %, 90 %, 100 %, and 105 % speed and indicating the effect of
specified inlet pressures, temperatures, and molecular weights. Any specified operating points shall be
noted within the envelope of the performance curve predicted.

7.2.4.2 Curves and data for fixed-speed compressors shall include the following:

a) Discharge pressure, power, polytropic head, and polytropic efficiency versus capacity (from surge
point to overload) at normal speed, indicating the effect of specified molecular weights, suction
pressures, and temperatures. Alternate operating conditions requiring throttling shall be shown.
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b) Speed versus torque required for acceleration of the train to operating speed. Moment of inertia
(referenced to motor speed) and initial starting conditions assumed shall be recorded on the curve.

c) Motor torque versus speed at rated voltage and at 80 % of rated voltage.
d) Motor current versus speed at rated voltage and at 80 % of rated voltage.

e) Estimated times for acceleration to rated speed for throttled suction and for open suction at 80 % of
the nameplate motor voltage unless otherwise specified.

f) Curves showing performance of AIGV’s at variable vane settings covering the entire allowable map

£ 43 3£ Lo
OT UpCTatiuIr (I SUppPIIcays

7.2)5 Optional tests

The supplier shall furnish an outline of the procedures used for each of the spegial optionall tests that
have been specified by the purchaser or proposed by the supplier.

7.3| Contract data
7.3{]1 General

7.3]11.1 Contract data shall be furnished by the supplier jn*accordance with the agreed YDDR form
(ISQ 10439-2:2015, Annex B, ISO 10439-3:2015, Annex B, or ISO 10439-4:2015, Annex B as applicable).

7.3{1.2 Each drawing shall have a title block in thelower right-hand corner with the date [of drawing
certification, identification data specified in 7.1.2, revision number, and date and title. Similar information
shall be provided on all other documents includigg subsupplier items.

7.311.3 The drawings and data furnished'by the supplier shall contain sufficient information so that
togéther with the manuals specified in 735, the purchaser can properly install, operate, and njaintain the
equiipment covered by the purchase order. All contract drawings and data shall be clearly legible (8 point
minimum font size, even if reduced from a larger size drawing), shall cover the scope of the agreed VDDR
form and shall satisfy the applieable detailed descriptions in Annex D of the applicable chaptdr.

7.311.4 The purchaser shallreview the supplier’s data within the agreed time frame. This revi¢w shall not
congtitute permission to-deviate from any requirements in the order unless specifically agreed in writing.
Aftdr the data have heen reviewed and accepted, the supplier shall furnish supplier certified cqpies.

7.3]1.5 A complete list of supplier data shall be included with the first issue of major drawings. This
list phall contain titles, drawing numbers, and a schedule for transmittal of each item listed. This list shall
crogs-refererice data with respect to the VDDR form in ISO 10439-2:2015, Annex B, ISO 104{39-3:2015,
Anrnlex‘B, or ISO 10439-4:2015, Annex B as applicable.

7.3.2 Curves and datasheets
7.3.2.1 Curves

7.3.2.1.1 The supplier shall provide complete performance curves to encompass the allowable map of
operations, with any limitations indicated. The curves shall comply with the requirements of 7.3.2.1.2
to 7.3.2.1.6.

NOTE The allowable map of operations caninclude multiple operating speeds, variable stationary components
such as stators or guide vanes, or other means to create a complete operating map.

7.3.2.1.2 All curves submitted prior to final performance testing shall be marked “PREDICTED”.
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7.3.2.1.3 Ifaperformance test is specified, the supplier shall provide test data and curves when the test
has been completed. The surge points shall be shown on the performance curves. These curves shall be
marked “TESTED”.

7.3.2.1.4 For compressors that have a back-to-back impeller arrangement, the supplier shall furnish
a curve showing the expected loading on each side of the thrust bearing versus any combination of the

differential pressures across the low-pressure and high-pressure sections of the casing.

7.3.2.1.5

* If specified, the supplier shall supply curves of balance piston line differential pressure
versus thrust load.

7.3.2.1.6
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7.3.4 Pa

7.3.4.1 T
These lists
(identified
shown on

Interchang]

* If specified, the supplier shall supply balance piston leakage based on design clearances
n clearances for the rated condition.

pata sheets

er shall provide full information to enable completion of the data sheets for the train
Huipment, first for “as-purchased,” and then for “as-built.” This should be done by the supy
and filling out the data sheets and submitting copies to the purchaser-Datasheets are avail

Dgress reports

dates and the percentage completed shall be indicated for each milestone in the schedule.

If specified, one week prior to the start;df’assembly the supplier shall issue a “Tail
bi-weekly including scheduled and actual.completion dates of major activities.

'he schedule can include major assemblies, sub-assemblies, test setup, testing, paint, packing,
eparation.

rts lists and recommended-spares

he supplier shall supmit complete parts lists for all equipment and accessories supp
shall include part names, manufacturers’ unique part numbers, and materials of construc
by applicable daternational standards). Each part shall be completely identified

Appropriate cross-sectional, assembly-type cutaway, or exploded-view isometric drawi
pable partsishall be identified as such. Parts that have been modified from standard dimens

or finish t

and

and
lier
hble

9-2:2015, Annex A, ISO 10439-3:2015, Annex A, or ISO 10439-4:2015, Annex A as applicaple.

The supplier shall submit progress reports to the purchiaser at the intervals specified. Planned

End

and

ied.
fion
and
hgs.
ons

b satisfy{specific performance requirements shall be uniquely identified by part numpber.
rchased items shall be identified by the original manufacturer’s name and part number.

are

A ach.

These should include spare parts recommendations of subsuppliers that were not available for inclusion
in the supplier’s original proposal.

7.3.5

Installation, operation, maintenance, and technical data manuals

7.3.5.1 General

7.3.5.1.1 The supplier shall provide sufficient written instructions and all necessary drawings to enable
the purchaser to install all of the equipment covered by the purchase order. This information shall be
compiled in a manual or manuals with a cover sheet showing the information listed in 7.1.2, a table of
contents, and an index sheet for each section, a complete list of the enclosed drawings by title, drawing
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number, and revision. The manual pages and drawings shall be numbered. The manual or manuals
shall be prepared specifically for the equipment covered in the purchase order. “Typical” manuals are
unacceptable.

7.3.5.1.2 * If specified, a draft manual(s) shall be issued to purchaser 8 weeks prior to mechanical
testing for review and comment.

7.3.5.1.3 Refer to the VDDR form for number of copies. Hard copies, as well as electronic copies,
shall be provided.

7.3]5.2 Installation manual

Allinformation required for the proper installation of the equipment shall be compiled in amanual. [t may
be geparate from the operation and maintenance instructions. This manual shall centain information
on glignment and grouting procedures, (normal and maximum utility requirements), centres of mass,
rigging procedures, and other installation data. All drawings and data specified’in 7.2.2 angl 7.2.3 that
are|pertinent to proper installation shall be included as part of this manualtOne extra manugl, over and
abope the specified quantity, shall be included with the first equipment shipment.

NOTE Refer to API RP 686 and the VDDR for installation requirements.

7.315.3 Operating and maintenance manual

A manual containing all required operating and maintenarge instructions shall be supplied af shipment.
In gddition to covering operation at all specified process conditions, this manual shall also contain
sepprate sections covering operation under any specifiéd extreme environmental conditiong.

7.3|5.4 Technical data manual

* If|specified, the supplier shall provide the’purchaser with a technical data manual at shipment. See
destription in ISO 10439-2:2015, Annex-B;-1SO 10439-3:2015, Annex B, or [SO 10439-4:2015, |Annex B as
appllicable for minimum requirements.of this manual.
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Annex A
(normative)

Procedure for the determination of residual unbalance

A.1 General

This anne>1:iescribes the procedure used to determine residual unbalance in machine rotors. Although
some balancing machines may be set up to read out the exact amount of unbalance, the calibration|can
be in error| The only sure method of determining is to test the rotor with a known amount of-unbalapce.

A.2 Resjdual unbalance
Residual upbalance is the amount of unbalance remaining in a rotor after balahcing. Unless otherwise

specified, esidual unbalance shall be expressed in g-mm (g-in).

A.3 Maximum allowable residual unbalance

A.3.1 Th¢ maximum allowable residual unbalance, per plan€jshall be calculated in accordance with
4.8.2.7.

A.3.2 The static weight on each journal shall be determined by physical measurement. (Calculation
methods njay introduce errors). It should NOT simply be assumed that rotor weight is equally divided
between tlle two journals. There can be great diserepancies in the journal weight to the point of bg¢ing
very low (gven negative on over-hung rotors). Inthe example problem, the left plane has a journal wejght
of 530,7 kg (1 170 1b). The right plane has ajournal weight of 571,5 kg (1 260 1b).

A.4 Resjdual unbalance check

A.4.1 Gepneral

A.4.1.1 When the balafcing machine readings indicate that the rotor has been balanced within|the
specified tglerance, a reSidual unbalance check shall be performed before the rotor is removed from|the
balancing thachine,

A.4.1.2 Tp check the residual unbalance, a known trial weight is attached to the rotor sequentially in
six equally|spaced radial positions (60 degrees apart), each at the same radius (i.e. same moment [g-In]).
The check is run at each balance machine readout plane, and the readings in each plane are tabulated and
plotted on the polar graph using the procedure specified in A.4.2.

A.4.2 Procedure

A.4.2.1 Select a trial weight and radius that will be equivalent to between one and two times the
maximum allowable residual unbalance [e.g. if Umax, is 488,4 g-mm [19,2 g-in], the trial weight should
cause 488,4 g-mm to 976,8 g-mm (19,2 g-in to 38,4 g-in) of unbalance]. This trial weight and radius shall
be sufficient so that the resulting plot in A.4.2.5 encompasses the origin of the polar plot.

A.4.2.2 Starting at a convenient reference plane (i.e. last heavy spot), mark off the specified six radial
positions (60 degree increments) around the rotor. Add the trial weight near the last known heavy spot
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for that plane. Verify that the balance machine is responding and is within the range and graph selected

for taking the residual unbalance check.

A.4.2.3 Verify that the balancing machine is responding reasonably (i.e. no faulty sensors or displays).
For example, if the trial weight is added to the last known heavy spot, the first meter reading should be at

least twice as much as the last reading taken before the trial weight was added. Little or no me

ter reading

generally indicates that the rotor was not balanced to the correct tolerance, the balancing machine was
not sensitive enough, or that a balancing machine fault exists (i.e. a faulty pickup). Proceed if this check

behaves reasonably.

A4
180
for

sen

2.4 Remove the trial weight and rotate the trial weight to the next trial position (that
, 240,300, and 360 degrees from the initial trial weight position). Repeat the initial positio
Fepeatability on the residual unbalance worksheet. All verification shall be performed‘usi
Sitivity range on the balance machine.

A4
bald
unb

2.5 Plot the balancing machine amplitude readout versus angular loeation of trial w
ncing machine phase angle) on the residual unbalance worksheet and calculate the amount
alance (refer to worksheets, Figures A.3 and A.5).

NOTE The maximum reading occurs when the trial weight is placed at.the rotor’s remaining heg
minfjmum reading occurs when the trial weight is placed opposite theroter’s heavy spot (light spot).
read
ang
isth

hlar location readout will approximate the location of the trial weight. The maximum deviation (high
e heavy spot (represents the plane of the residual unbalance).Blank worksheets are Figures A.1 an

A.4{2.6 Repeat the steps described in A.4.2.1 to A425 for each balance machine readout
spefified maximum allowable residual unbalanceshas been exceeded in any balance machi
plane, the rotor shall be balanced more precisely;and checked again. If a balance correction
any|balance machine readout plane, then theesidual unbalance check shall be repeated in
maghine readout planes.

A.4{2.7 For stack component balanced rotors, a residual unbalance check shall be performsg
addjiition and balancing of the rotor after the addition of the first rotor component and at the
lancing of the entire rotor,as-a minimum.

NOTE 1  This ensures that time is not wasted and rotor components are not subjected to unnecess
rempval in attempting to-balance a multiple component rotor with a faulty balancing machine.
NOTE 2  For large-multi-stage rotors, the journal reactions can be considerably different from t

re A.1 shows a (blank) residual unbalance worksheet.

re A\2shows a (blank) residual unbalance polar plot worksheet.

Figure A.4 shows a sample residual unbalance polar plot worksheet for left plane.
Figure A.5 shows a sample residual unbalance worksheet for right plane.
Figure A.6 shows a sample residual unbalance polar plot worksheet for right plane.

The worksheets presented in Figures A.1 to A.6 are also available in electronic format
standards.iso.org/iso/.
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Customer:

Job / Project Number:

OEM Equipment S / N:

Rotor Identification Number:
Repair Purchase Order Number:
Vendor Job Number:

Correction Plane (Left or Right) - use sketch (plane)

Balancing Speed (rpm)

Maximum Rotor Operating Speed (N) (rpm)

Static Journal Weight Closest to This Correction Plane (W) (kg) (Ibs)
Trial Weight Radius (R) - the radius at which the trial weight will be placed (mm) (in)

Calculate Maximum Allowable Residual Unbalance (Umax):

Si-Units:

Umax = (6350) X (W) = (6350) X = | | (g-mm)
(N) _ |

Customary Units:

Umax = (113.4) X (W) = (1134) X = |(g-in)
(N)

Calculate the trial unbalance (TU):
Trial Unbalance (TU) is between (1 X Umax) and (2 X Umax) (1X) to (2X) (Selected Multiplier is)

SI Units: to = (g-mm)
Customary units: to = (g-in)
Calculate the trial weight (TW):
Trial Weight (TW) = Umax = g-mm or g-in = I:l(g)
R mm in

Conversion Information:
1kg = 2.20461bs 1 ounce = 28.345 grams

Obtain the test data and complete the table: Sketch the rotor cenfigufation:
Test Data Rotor Sketch
Position|  Trial Weight Balancing Mach Readout
Angular Location [Amplitude |Phase Angle
on Rotor (degrees) | (grams) (degrees)

1

2

3

4

5

6
Repeat 1
PROCEDURE: HALF KEYS USED FOR ROTOR BALANCING
Step 1: Plot the balancing machine amplitude versus trial (add sketch for clarification if necessary)

weight angular location on'the polar chart Location Weight
(Figure A-2) such that the largest and smallest
values will fit.

Step 2: The points located-on the Polar Chart should closely
approximate a-ciccle. If it does not, then it is probabloy
that the recorded data it is in error and the test should
be repeated:

Step 3: Determine the maximum and minimum balancing
machin€e amplitude readings .

Step 4: Using the worksheet, (Figure A-2), determine the Y and Z values required for the residual
unbalance calculation.

Step.5:, "Using the worksheet, (Figure A-2), calculate the residual unbalance remaining in the rotor.

Step.6: Verify that the determined residual unbalance is equal to or less than the maximum allowable
residual unbalance (Umax).

———NOFES:

1) The trial weight angular location should be referenced to a keyway or some other permanent
marking on the rotor. The preferred location is the location of the once-per-revolution mark
(for the phase reference transducer).

2) The balancing machine amplitude readout for the Repeat of 1 should be the same as Position 1,
indicating repeatability.

3) Aprimary source for error is not maintaining the same radius for each trial weight location.

Balanced By: Date:
Approved By: Date:

Figure A.1 — (Blank) residual unbalance worksheet
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Customer:

Job / Project Number:

OEM Equipment S / N:

Rotor Identification Number:
Repair Purchase Order Number:
Vendor Job Number:

Correction Plane (Left or Right) - use sketch (plane)

RESIDUAL UNBALANCE POLAR PLOT

7 Oo
%7

300° /
/]

BN
AT

IR

180°

Rotor Rotation: . ccw Phase is layed out: O ccw

B cw O cw
Calculate Y and Z values;
Maximum amplitude value is: grams Minimum amplitude value is: grams
Y = (Maximum £Minimum) / 2 ( - ) /2 =
Z = (Maximym. +Minimum) / 2 ( + ) /2 =
Residual’Unbalance
Left in‘Rotor = (TU) X Y) / (2)
SI'Units: X / = gm-mm
Customary Units: X / = gm-in

Allowable Unbalance Tolerance = Umax = I:l gm-mm |:| gm-in

RESULT: Residual unbalance left in the rotor is equal to or less than the allowable unbalance tolerance?

[ PASS [0 FAIL
[ AsReceived [0 Final [0 other:
Balanced By: Date:
Approved By: Date:

Figure A.2 — (Blank) residual unbalance polar plot worksheet
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Customer: Aramco
Job / Project Number: 7662

OEM Equipment S / N:

Rotor Identification Number:

Repair Purchase Order Number:

Vendor Job Number:

Correction Plane (Left or Right) - use sketch Left (plane)

Balancing Speed 800 |(rpm)

Maximum Rotor Operating Speed (N) 9902 |(rpm)

Static Journal Weight Closest to This Correction Plane (W) 530.7 | (kg) 315 |[(lbs
Trial Weigllt Radius (R) - the radius at which the trial weight will be placed 381 |(mm) 7 (in)

Calculate Maximum Allowable Residual Unbalance (Umax):

Si Units:
Umax = (6350) X (W) = (6350) X 5307 = (g-mm)
N) 9902
Customary |Units:
Umax = (1[13.4) X (W) = (113.4) X 315 = (g-in)
N) 9902
Calculate tllrLe trial unbalance (TU):
Trial Unbalance (TU) is between (1 X Umax) and (2 X Umax) 1Xx) to (2 X))(Selected Multiplier is) ‘Ia
SI Units: 340.3 to 680.7 is 544.5 |(g-mm)
Customary units: 3.6 to 7.2 is 5.8 [(g-in)
Calculate t:le trial weight (TW):
Trial Weight (TW) = Umax = 545 g-mm or 6° g-in = (8
R 381 mm 7 in
Conversion Information:
1kg =2.20461bs 1 ounce = 28.345 grams
Obtain the fest data and complete the table: Sketch the rotor configuration:
Test Data Rotor Sketch
Position Trial Weight Balancing Mach Readout
Angular Location [Amplitude |Phase Angle
on Rotor (degrees) | (grams) [ (degrees)

1 0 3.17 354

2 60 3.40 54

3 120 348 114

4 180 3.49 177

5 240 3.56 240

6 300 3.23 290
Repeat 1 0 3.40 0
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PROCEDURE: HALF KEYS USED FOR ROTOR BALANCING
Step 1: Plot the balancing machine amplitude versus trial (add sketch for clarification if necessary)
weight angular location on the polar chart Location Weight

(Figure A-2) such that the largest and smallest
values will fit.
Step 2: The points located on the Polar Chart should closely
approximate a circle. If it does not, then it is probabloy
that the recorded data it is in error and the test should
be repeated.
Step 3: Determine the maximum and minimum balancing
machine amplitude readings .

JSINE the WoTkSheet, (FIZITe 2
unbalance calculation.
Step 5: Using the worksheet, (Figure A-2), calculate the residual unbalance remaining in the rotor.
Step 6: Verify that the determined residual unbalance is equal to or less than the maximum allewabl¢

residual unbalance (Umax).

NOTES:

1) The trial weight angular location should be referenced to a keyway or some other’permanent
marking on the rotor. The preferred location is the location of the once-per-revolution mark
(for the phase reference transducer).

2) The balancing machine amplitude readout for the Repeat of 1 should be the same as Position 1,
indicating repeatability.

3) Aprimary source for error is not maintaining the same radiusforeach trial weight location.

Balanced By: CL. TR, & RC Date: 2000-05:24
Approved By: CcC Date: 2000-05-24
Polar ¢hart Calculation Values

0 3.17
L5
0
L5

0 3.40
Vs
b0
105

120 3.48
135
50
65

80 3.49
95
10
25

40 3.56
55
70
85

00 3.23

Figure A.3 — Sample residual unbalance worksheet for left plane
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Customer: Aramco
Job / Project Number: 7662
OEM Equipment S / N:

Rotor Identification Number:
Repair Purchase Order Number:
Vendor Job Number:

Correction Plane (Left or Right) - use sketch Left (plane)

RESIDUAL UNBALANCE POLARPLOT

Rofor Rotation: X ccw Phase is layed out: O ccw
O cw X w
Calfulate Y and Z values:
Makimum amplitude value is: .| 3.56 grams Minimum amplitude value is: 3.17 |grams
Y =|(Maximum - Minimum) /. 2_[3.56 - 3.17() /2 = 0.2
Z =|(Maximum + Minimum) /2 [3.56 + 3.17)) /2 = 3.4

Regidual Unbalance

Left in Rotor = (TU) X Y) / (Z2)
SI Units: 545 X 0.20 / 3.37 = 31.6 g-mm
Cuqtomary Units: 6 X 0.20 / 3.37 = 0.3 g-in

All¢wable Unbalance Tolerance = Umax = 340.3 g-mm g-in

RESULT: Residual unbalance left in the rotor is equal to or less than the allowable unbalance tolerance?

PASS
0 As Received [0 Final XI  other:w/o trim hardware
Balanced By: Cl, TR & RC Date: 2000-05-24
Approved By: CC Date: 2000-05-24

Figure A.4 — Sample residual unbalance polar plot worksheet for left plane
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Customer: Aramco
Job / Project Number: 7662
OEM Equipment S / N:
Rotor Identification Number:
Repair Purchase Order Number:
Vendor Job Number:
Correction Plane (Left or Right) - use sketch Right (plane)
Balancing Speed 800 |(rpm)
Maximum Rotor Operating Speed (N) 9902 ((rpm)
Static Journal Weight Closest to This Correction Plane (W) 571.5 |(kg) 315 |[(Ibs)
Trlal Weight Radius (R) - the radius at which the trial weight will be placed 203 [(mm) 7 |(in)
Calculate Maximum Allowable Residual Unbalance (Umax):
Si Units:
Unjax = (6350) X (W) = (6350) X 5715 = (g-mm)
(N) 9902
Customary Units:
Unjax = (113.4) X (W) = (1134) X 315 = (g-in)
(N) 9902
Calculate the trial unbalance (TU):
Trjal Unbalance (TU) is between (1 X Umax) and (2 X Umax) (1X) to (2X) (Selected Multiplidris) 1.6
SI Units: 366.5 to 733.0 is 586.4 |(gimm)
Customary units: 3.6 to 7.2 is 5.8 |(giin)
Calculate the trial weight (TW):
Trjal Weight (TW) = Umax = 586 g-mm or 6 g-in = E’El (8)
R 203 mm 7 in

Cohversion Information:
1kg =2.20461bs 1 ounce = 28.345 grams

Obgain the test data and complete the table:

Rotor Sketch

Sketch the rotor configuration:

Test Data
Position| Trial Weight Balancing Mach Readout
Angular Location |Amplitude |Phase Angle
on Rotor (degrees) | (grams) (degrees)
1 0 3.23 356
2 60 3.14 50
3 120 2.90 115
4 180
5 240.
6 300
Repeat 1 0
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PROCEDURE: HALF KEYS USED FOR ROTOR BALANCING
Step 1: Plot the balancing machine amplitude versus trial (add sketch for clarification if necessary)
weight angular location on the polar chart Location Weight

(Figure A-2) such that the largest and smallest
values will fit.

Step 2: The points located on the Polar Chart should closely
approximate a circle. If it does not, then it is probabloy
that the recorded data it is in error and the test should
be repeated.

Step 3: Determine the maximum and minimum balancing

Step 4: Usling the worksheet, (Figure A-2), determine the Y and Z values required for the residual
unbalance calculation.

Step 5: Usling the worksheet, (Figure A-2), calculate the residual unbalance remaining in the rotor.

Step 6: Verify that the determined residual unbalance is equal to or less than the maximum allowable
residual unbalance (Umax).

NOTES:

1) The trial weight angular location should be referenced to a keyway or some other permanent
marking on the rotor. The preferred location is the location of the once-per-revelution mark
(for the phase reference transducer).

2) The balgncing machine amplitude readout for the Repeat of 1 should be the same as Position 1,
indicating repeatability.

3) Aprimafy source for error is not maintaining the same radius for each trial weight location.

Balanced By CL. TR, & RC Date: 5/24/2000
Approved By CC Date: 5/24/2000

Polar Chart Calculation Input

0 3.23
15
30
45
60 3.14
75
90
105
120 2.90
135
150
165
180 0.00
195
210
225
240 0.00
255
270
285
300 0.00
315
330
345

Figure A.5 — Sample residual unbalance worksheet for right plane
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Customer: ABC Refining Co.

Job / Project Number: 00-1234

OEM Equipment S / N: C-1234

Rotor Identification Number: 1234 -C-4320

Repair Purchase Order Number: PO 12345678

Vendor Job Number: Shop - 00 -1234

Correction Plane (Left or Right) - use sketch Right (plane)

RESIDUAL UNBALANCE POLARPLOT

Rotor Rotation: ccw Phase is layed out: O ccw

L cw w
Calculate Y and Z values:
Maximum amplitude'value is: |3.23 grams Minimum ampltude value is: 2.90 |grams
Y = (Maximum - Minimum) / 2 [3.23 - 290|) /2 = 0.2
Z = (Maximupr+ Minimum) / 2 [3.23 + 290]) /2 = 3.1
Residual\Unbalance
Left in\Rotor = (TU) X m / (Z)
SI Units: 586 X 0.165 / 3.065 = 31.6 g-mm
Customary Units: 6 X 0.165 / 3.065 = 0.3 g-in
Attowabte-tnbatamrceFoteranmce=Ymmax—= 3665 B=TITIT 1 376 g

RESULT: Residual unbalance left in the rotor is equal to or less than the allowable unbalance tolerance?

O AsReceived [0 Final X Other: w/o trim hardware
Balanced By: Cl. TR & RC Date: 2000-05-24
Approved By: CcC Date: 2000-05-24

Figure A.6 — Sample residual unbalance polar plot worksheet for right plan
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Annex B
(informative)

Typical shaft end seals

__E"mmmmmrv ) "Lﬂ{'\ﬂﬂﬂﬂj o

<

o)
: . SN
f KA AR JUUWUU AN

/// /’

Key §
a  Ports nj é&?ded for scavenging and/or inert gas sealing.
b Internal pressure

¢ Atmosphere.

Figure B.1 — Labyrinth seal (shown with single port)
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Key

1 |pressure breakdown sleeve C)\\
2 |rotating seat .

3 |carbonring O®

4 |stationary seat C)

a |Internal gas pressur%o ’

b IClean oil in. %\

¢ |Running face Q
d 10il out. Q~

e |Conta ed oil out.
f | Atmosphere.

o)

Figure B.2 — Mechanical contact liquid film seal
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Key
a
b
C

d

90

Internall gas pressu§e§"
or

ay bea @

Ports
Scaveng
Atmosp

p1ng

h@a.

Y

sealing.
may be added for vacuum application.

Figure B.3 — Restrictive ring seal
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Key

T W N

NN

K

N

inner brushi Q%
outer bru l‘£~
shaft Q
CIQKM in.

I@rnal gas pressure.

P\ -
77777777777 7777 L7777

NN

o

Atmosphere.

Contaminated oil out.

Oil out.

Figure B.4 — Liquid-film (bushing seal)
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Key

shaft sl aev‘e&?‘%
a

pumpir

outer brushing

inner brushing

Clean oil recirculation.
Internal gas pressure.
Contaminated oil out.
0il out.

Clean oil out.

- e A 0 T 2N W N R

Atmosphere.

Figure B.5 — Pumping bushing liquid film seal
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Key

o a0 T OB oW N

© ISO 2015 - All rights reserved

inner seal

seal

separation seal
Seal gas supply.
Seal gas leakage.
Separation gas.
Process side.
Bearing side.
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inboard
outboar

TN W N

Seal ga
Seal ga

a o

(¢

Process
f Bearing

inner s¢al

seal
d seal

separatfion seal
Buffer gas supply.

supply.
leakage.

Separation gas.

side.
side.

=

.

>

=ty
QQQ
N
\\S\Q)

94

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=0ec1ab8c0c61e528c7bc46b50925aa56

ISO 10439-1:2015(E)

Key

DN W N R

o

a b
| &
| d
v -";. - - .' - .'-.[
1} I. ':.&':-'.',_'..Il Y ; /g [ .‘ f
‘ D S iy
-1 L /8l ‘J N l
{1 - f - || ll
e B A4S

inner labyrinth

primary seal

secondary back-up seal
separation seal

Primary seal gas supply.
Primary seal gas leakage.

Secondary seal gas leakage.

Separation gas.
Process side.
Bearing side.

Figure B.8 — Tandem dry gas seal
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Key

1 intermgdiate labyrinth
2 inner lgbyrinth

3 primary seal

4  secondjry back-up seal
5 separatffion seal

a  Primary seal gas supply.
b

Primary seal gas leakage.
Secondpry seal gas supply.

a o

Secondpry seal gas leakage.

(¢

Separation gas.
f Procesqd side.
g  Bearing side. O .
N

Figure B.9 Q%andem dry gas seal with intermediate seal gas labyrinth

&
R
S
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Annex C
(normative)

Requirements for lateral analysis reports

C.1—Reportreguirements forstandard lateral and stahilitv analuces

J—Repoertrequirementstorstandardiateraland-stabiityanat yses
The following data shall be provided in the standard lateral analysis and stability report:
a) [rotor model:

1) sketch of rotor model;

2) clearidentification of bearing, shaft end and internal seals, probe, coupling, and disc|(impellers,
wheels, etc.) locations;

b) |oil film bearings and liquid-film seals data (if present):

1) dynamic coefficients (plot or table) for minimum and maximum stiffness cases versus speed
and power;

2) in the Level II Stability analysis, the synchronous and/or non-synchronous coefficjents when
used by manufacturer;

3) identification of coordinate system including direction of rotation;

4) bearing type, length, pad arc length, diameter, minimum and maximum clearahce, offset,
number of pads, load geometry, preload and pivot type and geometry;

5) bearingload and direction yersus speed and power;

6) oil film seal configuration, length, diameter, minimum and maximum clearance, load geometry,
and seal geometry;

7) oil properties andyoperating conditions:
i) oil viscosjty (two temperature data if a non-standard ISO Grade);
ii) oil flow rate and/or inlet pressure;
iii)\inlet operating temperature range;

iv) oil specific gravity;

v) seal operating conditions;
c) rolling element bearing data:
1) type and model number;

2) dynamic coefficients versus frequency and speed;
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d)

f)

g)

h)

98

3) be

bearin

aring loads and preload;

g pedestal data:

1) identify parameters versus frequency (mass, stiffness, and damping);

gas annular seal data:

1) coefficients (when a Level 2 analysis is required) for labyrinth seals, balance piston seal, and/or
centre bushing seal;

2) seal type (];\hvrin’rh honevcomb hole pattern Pf(‘)'

bth on rotor, teeth on stator, or interlocking;

h]l minimum and maximum operating clearance;

besence of shunt holes and/or swirl brakes;

e film dampers:

namic coefficients (plot or table) for clearance extremes versus fréquency;
ite static position and whirl eccentricity assumptions or calculation;

bntification of coordinate system including direction of whivl;

3) te
4) se
5) pr
squee?
1) dy]
2) st
3) idg
4) d
e

mper type, length, diameter, minimum and maximum clearance, centering device,
seal type;

5) stiffness values for end seals and centering device (wWhen used);

other

rces included in the analysis (machine depéendent):

1) mgtor stator magnetic stiffness;

2) vo
3) ge
NOTE
analys
1) lis

elg
undan
1) cr

ute fluid dynamic forces;
hr mesh loads;

Supplier will typically.state force magnitude and basis of calculation.
is methods:

t computer codes used in the analysis with a brief description of the type of code, e.g. fi
ment, CFD;transfer matrix, etc.;

ped critical speed map and mode shapes:

ticabspeed versus support stiffness;

and

hite

2) curves of the support stiffness (i.e. Kxx and Kyy for minimum and maximum stiffness, where
Kxx is horizontal stiffness and Kyy is vertical stiffness);

3) plot, as a minimum, the first four critical speeds with the stiffness axis extending to “rigid and
soft support” regions;

4) show the minimum allowable and maximum continuous speeds;

5) the map shall be displayed as shown in Figure C.1);

6) un

damped mode shapes from the rigid, expected, and soft support regions;
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for machines that do not have similar support stiffness, the critical speed map shall indicate the
specified reference bearing and its location; for each of the other bearing locations, the bearing
stiffness ratio, relative to the specified reference bearing, shall be defined;

i) the supplier can substitute mode shape plots for the undamped critical speed map and list
the undamped critical speeds and the support stiffness for each of the identified modes;

UNDAMPED CRITICAL SFEED MAP

Support Stiffness (N/mm)
. 10° 10° 10° 10’ 10°
10 Ll IIIIHIl 1 IIIHI\I I TIIITI]I 1 IWITIIII 1 IIIIIIII \
G2t = 28000 FiPW)
J - MCOG-\_SEEFIF!
~ \"
a 10 INMIN = 9000 RPM
E - — — — — =
§ [Neir = 7500 APM)
a
w
m™
9
z
o
B
a
E
o 10’
[=
o
10? | !_UTHL | \Ill]lm_ 1l IIIIIILH P 1 11t ! 1 1 L]lLLl
10° 10° 10° 107 10° 10°

Support Stiffness (Ib/in)

R | Kxx (Min Clr) ,‘ Kyy [Min Clr)

v " Kxx (Max Clr) B Kyy (Max Clr)

Figure C.1 — Undamped critical speed map

j)  unbalance response predictions:

1)
2)

3)

identification of the frequency of each critical speed in the range from 0 % to 150 % of Np;

frequency, phase, and amplitude (Bode plots) at the vibration probe locations in the range 0 %
to 150 % of Ny resulting from the unbalances specified in 4.8.2.7 and 4.8.2.8;

i) ifthereareno vibration probes nearabearing centreline then the Bode plots shall be shown
at the bearing centreline;

ii) minimum allowable and maximum continuous speed shown;

tabulation of critical speeds, amplification factor, actual and required separation margin, and
scale factor;
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k)

100

4)
5)

6)

7)

axial location, amount and phase of unbalance weights for each case;

plots of amplitude and phase angle versus speed at probe locations:

i) for minimum and maximum bearing stiffness cases;

ii) pedestal vibration amplitudes for flexible pedestals as defined in 4.8.2.4 d);

plots of deflected rotor shape at critical speeds and N (for minimum and maximum bearing

stiffness cases);

a tahle of the close clearance mngnifndpq and locations and maximum vibration levels verif /ing

thht 4.8.2.11.1 has been met;

Level ]|stability analysis:

1y

2)

Log Dec

3)

the calculated anticipated cross coupling, ga, (for each centrifugal impeller Ox"axial stdge),
total anticipated cross coupling, @, log dec and damped natural frequency atanticipated cross

C

=]

lipling, and Qo/Qa;

Figure C.2 plot of log dec versus cross coupled stiffness for minimuntahd maximum bearing

stiffness;

0.8

0.7

0.6

Maximum

0.5

Minimum

0.4 ‘ \ ‘\\
0.3 ~—
0.2] 1
| \ \
> : "‘\I \
4 1
0 T T T T ! T T r T T
0 8 Q 12 Q 16
(45.7) (68.5) (91.4)

Figure C.2 — Level I stability sensitivity plot

Applied Cross-Coupled Stiffness, Q KN/mm (Kibf/in.)

Figure C.3 plot of flexibility ratio versus average gas density with application point identified on

plot;

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=0ec1ab8c0c61e528c7bc46b50925aa56

ISO 10439-1:2015(E)

3.5
3.0
i Region B
25 -~
. . \
7}
B 4
Region A &
1.5
U oy o e e R s T [ R A V8 P PR e B e e e | G, g
0 20 40 60 80 100
(1.25) (2.5) (3.75) (5(0) (6.25)

Average gas Densily, paye kg/m? (Ibf/ft3)

Figure C.3 — Stability experience plot

1) [Level Il stability analysis:
1) description of all assumptions used in the analysis;
2) description of all dynamic effects included in the analysis;

3) value oflog dec and frequency versus component addition for minimum and maximyim bearing
stiffness, defined in 4.8.6.8;

m) |summary sheet that identifies compliance with API requirements.

C.2 Datarequired to perform independent audits of lateral analysis and
stTility reports
f

All pfthe requirements$of C.1 shall be met. Thisrequirement details additional data that shall he provided
in cpnjunction with the Standard Report or as an addendum to it.

a) |rotor model:

1) , model tabulation to include rotor geometry (including delineation between stiffness and mass
diameter) and external masses with weight, polar, and transverse moments of inertjfa;

2) the weight, polar, and transverse moments of inertia and centre of gravity of the impellers,
balance piston, shaft end seals, coupling(s) and any other rotating components;

3) shaft material properties (density and Young’s Modulus with temperature dependence);

4) axial pre-loading due to tie bolts;
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b)

102

5) the magnitude and direction of any additional side loads (gears forces, volutes, etc.) over the full

op

erating range;

bearing and liquid-film seal:

1) datato permitindependent calculation of bearing coefficients;

i)
NOTE
determ

Table C.1 and Figures C.4 and C.5 indicate geometry required for tilt-pad bearings.

Similar dimensions are required for fixed pad bearings when used. API 684 can assist in the

ination of the dimensions needed.

2) til
3) se

intern

1) data to permitindependent calculation of seal coefficients:

i)
ii)
iii]
iv)
v)

vi]

h] dimensional data;

dimensional data;

inlet swirl ratio;

swirl brake type;
clearance assumptions;

shunt hole location;

-pad bearing and pivot material;

] seals (labyrinth, balance piston seal, wear rings, and centre bushing seal):

gas conditions and properties at operating speéd;

Table C.1 — Tilt-pad bearing dimensions and tolerances

Dimension

Nominal

Tolerance

®) Q)

Shaft diameter at journal (2*R)

Pad machined diameter-(2*Rp)

Set bore (2*Rp)

Pivot location (o)

Pad arc length(f)
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