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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 wi

h 1ISO, alsao take part in the waork 1SQ collaborates closely with the International Fle

ctrotechnical

Commissi

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

The main
by the te

Standard fequires approval by at least 75 % of the member bodies casting a vote.

Attention i
patent righ

ISO 10434
pneumatid
petroleum

Annexes
informatio

In this cor
header of

bn (IEC) on all matters of electrotechnical standardization.

ask of technical committees is to prepare International Standards. Draft International Stand
chnical committees are circulated to the member bodies for voting. Publication as an

5 drawn to the possibility that some of the elements of this International Standard may be f
ts. ISO shall not be held responsible for identifying any or all such patent rights.

was prepared by a Joint Working Group of Technical ‘Committees ISO/TC 118, ¢
tools and pneumatic machines, and ISO/TC 67, Materials, equipment and offshore s
petrochemical and natural gas industries, Subcommittéee-SC 6, Processing equipment and

C, D and G form a normative part of this International Standard. Annexes A, B, E, F, H, |
N only.

ected version of ISO 10439 an oversight which saw the words “Final Draft” and its abbreviaf
page 1 has been corrected.

ards adopted
International

he subject of

Lompressors,
tructures for
Eystems.

and J are for

ion left in the
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Introduction

This International Standard is based on the sixth edition of the American Petroleum Institute standard APl 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 vendor from offering, or the purchaser

from accept

ng, alternative equipment or pnginppring solutions for the individual application  This may be

particularly &

vendor should identify any variations from this International Standard and provide details.

pplicable where there is innovative or developing technology. Where an alternative is offered, the

\Y
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Petroleum, chemical and gas service industries — Centrifugal
compressors

1

This International Standard specifies requirements and gives recommendations for the |desig

fabrication
chemical

atmosphe
covered in

NOTE

2 Norr

The follow
this Interr
publication
investigatg
undated r
maintain r

ISO 19404
permissib

ISO 3744,
Engineerir

ISO 3977+
ISO 5389,
ISO 7005+

ISO 8821,

Scope

, inspection, testing and preparation for shipment of centrifugal compressors for-use in th
and gas service industries. It is not applicable to machines that develop lless than 3
ic pressure, nor is it applicable to packaged, integrally geared centrifugal air compresso
ISO 10442.

native references

ng normative documents contain provisions which, through reference in this text, constitute
s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate

pferences, the latest edition of the normativé “document referred to applies. Members of

pgisters of currently valid International Standards.

1:—1), Mechanical vibration — Balareé quality requirements of rigid rotors — Part 1: Det
e residual unbalance

Acoustics — Determination*of sound power levels of noise sources using sound
g method in an essentially free field over a reflecting plane

5, Gas turbines — Rroeurement — Part 5: Applications for petroleum and natural gas indust
Turbocompressors’— Performance test code
P, Metallic.flanges — Part 2: Cast iron flanges

Mechanical vibration — Balancing — Shaft and fitment key convention

N, materials,
e petroleum,
b kPa above
s, which are

In this International Standard, where practical, US customary units have been included in brackets for information.

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

brmination of

pressure —

[ies

ISO 9614

both parts), Acoustics — Determination of sound pressure levels of noise sources using sol

nd intensity

ISO 10437, Petroleum and natural gas industries — Special-purpose steam turbines for refinery service

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

ISO 10441, Petroleum and natural gas industries — Flexible couplings for mechanical power transmission —
Special purpose applications

ISO 13691, Petroleum and natural gas industries — High-speed special-purpose gear units

1)
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IEC 60079-10, Electrical apparatus for explosive gas atmospheres — Part 10: Classification of hazardous areas

API2) RP 550, Manual on installation of refinery instruments and control systems

APl Std 670,

Machinery protection systems, fourth edition

ASME3) PTC 10, Test code on compressors and exhausters

ASTM4) A 388/A 388M, Standard practice for ultrasonic examination of heavy steel forgings

ASTM A 578/A 578M, Standard specification for straight-beam ultrasonic examination of plain and clad steel plates
for special applications

ASTM A 609
examination

ASTM E 94,
ASTM E 165
ASTM E 709
ISAS) RP 12.
NACE®) MR

NFPA7) 496,

3 Terms

A 609M, Standard practice for casting, carbon, low-alloy, and martensitic stainless steel,
thereof

Standard guide for radiographic examination
Standard test method for liquid penetrant examination
Standard guide for magnetic particle examination
4, Pressurized enclosures
D175, Sulfide stress cracking resistant metallic materials for Gilfield equipment

Standard for purged and pressurized enclosures for electrical equipment

and definitions

For the purpgses of this International Standard, the following terms and definitions apply.

31
alarm condi
preset value

3.2
axially split
casing or oth

3.3
compressor
point on the

NOTE TH
speed) should

tion
of a parameter at which an alarm is actuated to warn of a condition requiring corrective actio

er component in whichthe main joint is parallel to the axis of the shaft
rated point
00 % speed curve at the highest capacity of any specified operating point

e use\of the word “design” in any term (such as design power, design pressure, design temperaturg
be.avoided in the purchaser's specification. This terminology should be used only by the equipment d

manufacturer.

ultrasonic

e, or design
bsigner and

2)
3)
4)
5)
6)
7)

American
American
American

Instrumen

Petroleum Institute.
Society of Mechanical Engineers.
Society for Testing and Materials.

t Society of America.

US National Association of Corrosion Engineers.

US National Fire Protection Association.
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3.4
head
specific compression work

3.5

inlet volume flow

volume flow rate determined at the conditions of pressure, temperature, compressibility and gas composition,
including moisture, at the compressor inlet flange

3.6
maximum allowable temperature
maximum eertirvous—termperatareforwhich-themanufactorerhas—desigredthe—equipment{eranypart to which

the term i referred) when handling the specified fluid at the specified pressure

3.7
maximum allowable working pressure
maximum |continuous pressure for which the manufacturer has designed the equipment\(or any part|to which the
term is referred) when it is operating at the maximum allowable temperature

3.8
maximum continuous speed
highest rofational speed at which the machine is capable of continuous operation

3.9
maximum sealing pressure
highest prgssure the seals are required to seal during any specified”static or operating conditions and during start-
up and shutdown

3.10
minimum|allowable speed
lowest spged at which the manufacturer's design will(permit continuous operation

3.1
normal omerating point
point at which usual operation is expected and optimum efficiency is desired

NOTE This will usually be the point at which the vendor certifies that performance is within the toleranceg stated in this
Internationgl Standard.

3.12
normal speed
speed corfesponding tolthe requirements of the normal operating point

3.13

100 % spe¢ed
highest s%eed required for any specified operating point

3.14
pressure design code
recognized pressure vessel standard specified or agreed by the purchaser (e.g. ASME VIII)

3.15
radially split
casing or other component in which the main joint is perpendicular to the axis of the shaft

3.16

stability

difference in inlet volume flow (as percentage of rated inlet volume flow) between the rated inlet volume flow and
the surge point at rated speed

© 1SO 2002 — Al rights reserved 3
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3.17

settling out pressure
pressure of the compressor system when the compressor is shut down

3.18

shutdown condition

preset value

3.19
trip speed

of a parameter requiring automatic or manual shutdown of the system

speed at which the independent emergency overspeed device operates to shut down a prime mover

NOTE Fd
maximum freq

3.20
turndown
percentage d
and the surg
gas composi

3.21
unit respons
responsibility

4 Basic
4.1 Gene
411 A bd

r constant speed motor drivers, this is the speed corresponding to the synchronous speed of the|n
uency of the electrical supply.

f change in inlet volume flow (referred to rated inlet volume flow) between the’rated inlet v
e point inlet volume flow at the rated head, when the unit is operating at rated suction tempe
ion

Sibility
for coordinating the technical aspects of the equipment train’and all auxiliary systems

Hdesign

al

llet (¢) at the beginning of a clause indicates that the purchaser is required to make a

provide infornation. This information should be indicated on the data sheets (see annex A).

41.2 The
constructed f
4.1.3 Unle

414 The

equipment (including auxiliaries) covered by this International Standard shall be des
or a minimum service life of 20\years and at least 3 years of uninterrupted operation.

5s otherwise specified, the-compressor vendor shall assume unit responsibility.

compressor shall-be-designed to deliver required head and capacity at the normal oper

without negative tolerance. Jhe‘/input power at the above condition shall not exceed 104 % of the predi

for this point.
NOTE S¢

415 The

e the optional performance test criteria in 6.3.6.2 and handling of excess head for constant speed driv

head, versus capacity characteristic curve (see Figure 1) shall rise continuously from the rat

hotor at the

blume flow
rature and

Hecison or

gned and

hting point

cted value

EI'S.

bd point to

the predicted

surge. The compressor, without the use of a bypass, shall be suitable for continuous operafion at any

capacity at least 10 % greater than the predicted approximate surge capacity shown in the proposal.

41.6 Cooling water systems, if required, shall be designed for the conditions specified in Table 1 unless
otherwise specified. Provision shall be made for complete venting and draining of the system.

The vendor shall notify the purchaser if the criteria for minimum temperature rise and velocity over heat exchange
surfaces result in a conflict. The criterion for velocity overheat exchange surfaces is intended to minimize the use of
cooling water. The purchaser shall approve the final selection.

4.1.7 The arrangement of the equipment, including piping and auxiliaries, shall be developed jointly by the
purchaser and the vendor. The arrangement shall provide adequate clearance areas and safe access for operation
and maintenance.

© 1SO 2002 — All rights reserved
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Tr/,'o sp, .
—_——— eed
\\1 turb/he a
Tri ~N
— ‘ﬁsp@n / \\‘

115,5 % = 105[x 1,1

Specified
operating point

Specific compression work (head), kJ/kg

110,3 %= 105 x 1,05

105,% = 100 x 1,05

Compressor rated ppint®

(98 % assumed)

Normal operating point

Specified operating point

Inlet volume [flow

Stability range

Tumdown range

The head V|
at other spq
speed shal

brsus capacity curve at 100 % speed shall extend to at least 115 % capacity of the CRP. Head versus d
beds¢shall be extended to equivalent capacity at each speed. For example, the head versus capacity
he-extended to 1,05 times 1,15 times capacity of the CRP; the head versus capacity curve at 90 %

extended t

apacity curves
urve at 105 %
bpeed shall be

0 9timac 1 15 timagg nanor\ih}l atthg CRP:- aond caan Thaco pr\infe defina-the “apprﬁvimo+n r\apar\ih}: limifl
o—tHR ++o—tHRB8E P et a5 A—e8 HHS-GeHRBtRe—appFrexihat PGy

" curve.

Except where specific numerical relationships are stated, the relative values implied in this figure are assumed values for
illustration only.

The 100 % speed is determined from the operating point requiring the highest head — point A in the illustration.

The compressor rated point (CRP) is the intersection on the 100 % speed line corresponding to the highest flow of any
operating point — point C in the illustration.

a8 Refer to the applicable standard for the compressor driver (e.g. ISO 10437 or 1SO 3977-5) for trip speed and minimum
operating speed limits.

b See 4.9 for allowable margins of critical speeds to operating speeds.

€ The maximum continuous speed shall be 105 % for variable speed drivers. The maximum continuous speed shall be the
speed corresponding to the synchronous speed of the motor.

Figure 1 — lllustration of terms

© I1SO 2002 — Al rights reserved
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Table 1 — Cooling water systems — Design requirements

Velocity over heat exchange surfaces

1,5 m/s to 2,5 m/s (5 ft/s to 8 ft/s)

Maximum allowable gauge working pressure

> 500 kPa (75 psi)

Test gauge pressure

> 750 kPa (110 psi)

Maximum inlet temperature

30 °C (90 °F)

Maximum temperature rise

20 K (35 °F)

Fouling factor on water side

0,35 m2 K/kW (0,002 h.ft2 °F/Btu)

Maximum pressure drop

100 kPa (15 psi)

418 Ale
components
reassembly.

419 The

4110 The
specified by
or outdoors (
conditions. R
purchaser is

4.1.11 Cont

oot

50-°C{+20-°F)

Minimum temperature rise

10 K (20 °F)

Shell corrosion allowance

3,0 mm (& in)

Huipment shall be designed to permit rapid and economical maintenance. Major parts such
and bearings housings shall be designed and manufactured to ensure. accurate alig
This may be accomplished by the use of shouldering, cylindrical dowels-or keys.

equipment, including all auxiliaries, shall be suitable for operation under the environmental
the purchaser. These conditions shall include whether the installation is indoors (heated or
with or without a roof), maximum and minimum temperatures, unusual humidity, and dusty o
or the purchaser's guidance, the vendor shall list(in the proposal any special protectio
required to supply.

rol of the sound pressure level (SPL) of all equipment furnished shall be a joint effort of the

as casing
nment on

nner casing of radially split barrel type compressors shall be desighed for easy withdrawal from the
outer shell and easy disassembly for inspection or replacement of parts.

conditions
unheated)
[ corrosive
n that the

purchaser

and the vendor. The equipment furnished by the vendor shall conform to the maximum allowable soundl pressure
level specified by the purchaser.

4.1.12 The purchaser shall advise the vendor of‘any requirements for liquid injection.

4.1.13 Equipment shall be designed to(run without damage to the trip speed and the maximum allowablle working
pressure.

4114 The
specified ac
responsibility

4.1.15 Man
shipment, an
these factor

machine and its driver shall perform on the test stand and on their permanent foundation
ceptance criteria--After installation, the performance of the combined units shall be
of the purchaser/and the vendor having unit responsibility.

factors (such as piping loads, alignment at operating conditions, supporting structure, hand
d handling and assembly at site) may adversely affect site performance. To minimize the i
5, the(vendor shall review and comment on the purchaser's piping and foundation d

specified, thd

within the
the joint

ing during
fluence of
awings. If

vendor's representative shall

a) observe

b) check al

a check of the piping performed by parting the flanges,

ignment at the operating temperature, and

c) be present during the initial alignment check.

4.1.16 Motors and all other electrical components and installations shall be suitable for the area classification
(zone) specified by the purchaser on the data sheets (see annex A), shall meet the requirements of IEC 60079-10
and shall comply with applicable local codes and regulations specified by the purchaser.

4.1.17 Spare parts for the compressor and all furnished auxiliaries shall meet all the criteria of this International
Standard.

6 © 1SO 2002 — All rights reserved
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4.1.18 |If specified, the compressor or compressors shall be suitable for field running on air. Performance
parameters, including any required precautions, shall be mutually agreed upon by the purchaser and the vendor.

4.1.19 A guide to centrifugal compressor nomenclature is given in annex F.
4.1.20 The pressure design code shall be specified or agreed by the purchaser.

Pressure components shall comply with the pressure design code and the supplemental requirements given in this
International Standard.

4.1.21 The purchaser and the vendor shall agree on the measures to be taken in order to comply with

Lo Lot WH 1 Lo ot TN N PP ; n
governmeptarregtratons;oramances-or ratresSthatareapprcatreto e equpment:

4.2 Cagings
4.21 The thickness of the casing shall be suitable for the maximum allowable working and test pfessures and
shall inclugle at least a 3 mm corrosion allowance. The thickness of the casing shall not®e’less than that calculated
in accordgnce with the pressure design code.

4.2.2 The equipment feet shall be provided with vertical jackscrews and shalkbé drilled with pilot Holes that are
accessibld for use in final doweling.

4.2.3 Sypports and alignment bolts shall be rigid enough to permit.the’ machine to be moved by fhe use of its
lateral anq axial jackscrews.

4.2.4 The maximum allowable working pressure of the casing;shall be at least equal to the specifidd relief valve
setting; if p relief valve setting is not specified or if a relief valve is not installed, the maximum allowable working
pressure ghall be at least 1,25 times the maximum specified discharge pressure.
NOTE System protection is normally provided by the purchaser.

4.2.5 stings designed for more than one maximum allowable pressure level (split-pressure-level|casings) are
not permitted unless specifically approved by 'the purchaser, and if so, the vendor shall define the physical limits
and the mpximum allowable working pressure-of each part of the casing.

4.2.6 Each axially split casing shall(be sufficiently rigid to allow removal and replacement of its upp¢gr half without
disturbing [rotor-to-casing running clearances and bearing alignment.

4.2.7 Casings shall be made®f steel for the following:
a) air or pon-flammable gas at a maximum allowable gauge working pressure above 2 500 kPa (360|psi);

b) air or| non-flammable gas at a calculated discharge temperature that is over 260 °C (500 °F) |at maximum
contiruous.spéeed at any point within the operating range;

c) flammable or toxic gas.

4.2.8 Cast iron or other materials of construction may be offered for operating conditions other than those
specified in 4.2.7.

4.2.9 Unless otherwise specified, casings shall be radially split if the partial pressure of hydrogen (at maximum
allowable gauge working pressure) exceeds 1 400 kPa (200 psi).

NOTE The partial pressure of hydrogen is calculated by multiplying the highest specified mole (volume) percent of
hydrogen by the maximum allowable working pressure.

4.2.10 Axially split casings shall use a metal-to-metal joint (with a suitable joint compound) that is tightly

maintained by suitable bolting. Gaskets (including string type) shall not be used on the axial joint. O-rings with ring
grooves machined into the flange facing of an axially split casing joint may be used with the purchaser's approval. If

© 1SO 2002 — Al rights reserved 7
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gasketed joints are used between the end covers and the cylinder of radially split casings, they shall be securely
maintained by confining the gaskets. Gasket materials shall be suitable for all specified service conditions.

4.2.11 Jackscrews, guide rods and cylindrical casing alignment dowels shall be provided to facilitate disassembly
and reassembly. If jackscrews are used as a means of parting contacting faces, one of the faces shall be relieved
(counter-bored or recessed) to prevent a leaking joint or an improper fit caused by marring of the face. Guide rods
shall be of sufficient length to prevent damage to the internals or casing studs from the casing during disassembly
and reassembly. Lifting lugs or eyebolts shall be provided for lifting only the top half of the casing. Methods of lifting
the assembled machine shall be specified by the vendor.

4.2.12 The use of threaded holes in pressure parts shall be minimized. To prevent leakage in pressure sections of
casings, metal—egual—inthickress—te—atleasthaltherominal-belt—diameter—ir—additien—to—the—algwance for
corrosion, sHall be left around and below the bottom of drilled and threaded holes. The depth of thredded holes
shall be at lepst 1,5 times the stud diameter.

4.2.13 The pealing of stud clearance holes to prevent leakage is not permitted.

4.2.14 The machined finish of the compressor mounting surfaces shall be 3,2 ym to 6/4 pm (125 micrg-inches to
250 micro-inghes) arithmetical average roughness (Ra). Hold-down or foundation bolt holes shall [be drilled
perpendicular to the mounting surface or surfaces and spot faced to a diameter threetimes that of the hole.

4.2.15 Studded connections shall be furnished with studs installed. Blind stud-holes should be drilled|only deep
enough to allow a preferred tap depth of 1,5 times the major diameter of the stud; the first 1,5 threads at|both ends
of each stud [shall be removed.

4.2.16 Extefnal and internal bolting shall be furnished as follows.

a) Bolting gxternal to the casing shall be in accordance with the pressure design code. Internal bolting [shall have
the samg thread form.

b) Studs should be used instead of cap screws (external only).

c) Adequate clearance shall be provided at bolting locations to permit the use of socket or box|wrenches
(externa] only).

d) Socket, [slotted-nut or spanner-type-belting shall not be used unless specifically approved by the [purchaser
(externa] only).

4.3 Interstage diaphragms‘and inlet guide vanes

4.3.1 Intergtage diaphragms and inlet guide vanes shall be suitable for all specified operating conditjons, start-
up, shutdown, trip-out, settling out and momentary surge. If intermediate main process connections arg used, the
purchaser shall specify the maximum and minimum pressures at each connection. The vendor shall cpnfirm that
the diaphragins furnished are suitable for the maximum differential pressure.

4.3.2 Interpaljoints shall be designed to minimize leakage and permit easy disassembly.

4.3.3 Renewable labyrinths shall be provided at all internal close clearance points to minimize internal leakage.
These shall be easily replaceable.

4.3.4 Diaphragms shall be axially split unless otherwise approved by the purchaser. The diaphragms shall be
furnished with threaded holes for eyebolts or with another means to facilitate removal.

4.3.5 If diaphragm cooling is specified, the top and bottom halves of axially split diaphragms shall have

independent cooling passages. Each coolant inlet and outlet connection shall be manifolded at both the top and
bottom of each casing.

8 © 1SO 2002 — All rights reserved
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4.4 Casing connections

4.41

4411

4.41.2

moved.

4413

General

All process gas connections to the casing shall be suitable for the maximum allowable working
pressure of the casing (see 4.2.4).

All of the purchaser's connections shall be accessible for maintenance without the machine being

Connections, pipe, valves and fittings of nominal pipe size DN 32 (NPS 1%4), DN 65 (NPS 2'%), DN 90

(NPS 3%)

4.41.4

values, ragher than the requirements of the connected piping.

4.41.5

442 Mz

4.4.21

data shee
casing, no
in the end

4.4.2.2

mating flapges, including studs and nuts.

4.4.2.21

44222
required b

44.2.3
125 flange

44.2.4
machined
the gasket

4.4.25
material fu

443 Au

or DN 125 (NPS 5) shall not be used.

Connections welded to the casing shall meet the material requirements of the casing, inc

All welding of connections shall be done before hydrostatic testing (see 6.3(2)"

in process connections

Inlet and outlet connections shall be flanged or machined and stddded and oriented as sp
s (see annex A). Inlet and outlet connections for barrel type edmpressors shall be locateq
t in the end covers. On radially split overhung design compréssors, the process inlet conne
cover.

Flanges shall be in accordance with the pressure design code. If specified, the vendor sk

Flat-faced flanges with full raised-face thicknéss may be used on casings other than cast i

Unless otherwise specified, flanges that are thicker or have a larger outside diame
y the pressure design code may be used.

Cast iron flanges shall be flat-faced and conform to the dimensional requirements of ISO 7
s shall have a minimum thickness equal to class 250 for sizes DN 200 and smaller.

The concentricity of the-bolt circle and the bore of all casing flanges shall be such that th
gasket-seating surface-is adequate to accommodate a complete standard gasket without
into the fluid flowx

The finish 6f-all flanges and nozzles shall conform to the requirements of 4.4.2.2 as app
rnished, incldding flange finish roughness requirements.

xiliary'connections

4431

uding impact

ecified in the
in the outer
ction may be

all supply all

fon.

er than that

005-2. Class

e area of the
protrusion of

icable to the

A + 'H H Lol | Y S o H ol 4 o £ £ L HPS I 'H
I'\ul\lllaly CUTNIMTICUUVUTTS Illay MCIiUuyuc, bul dic 1100 ThTimcu tU, ivotT TUIN VOTILS, 1TTYuUTd IIIJUblIUI

4.4.3.2) water cooling, “lube and seal” ail, flushing, buffer gas and the balance piston cavity.

4.4.3.2

4433

4434

, drains (see

For axially split casings, the vendor shall provide connections for complete drainage of all gas
passages. For radially split casings, the drains shall be located at the lowest point of each inlet section, the lowest
point of the section between the inner and outer casings and the lowest point of each discharge section. If
specified, individual stage drains, including a drain for the balance piston cavity, shall be provided.

Flanges shall be in accordance with the pressure design code.

Auxiliary connections shall be at least nominal pipe size DN 20 (NPS %) (see 4.4.1.3)

and shall be

socket welded and flanged, or machined and studded. For socket welded construction, a 1,5 mm gap, as
measured prior to welding, shall be left between the pipe end and the bottom of the socket in the casing.

©1S0 2002 -
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If socket welded and flanged or machined and studded openings cannot be provided,

threaded

openings in sizes DN 20 (NPS %) to DN 40 (NPS 17%) may be used if approved by the purchaser. These threaded
openings shall be installed as follows.

a) Threaded openings and bosses for pipe threads shall comply with the pressure design code.

b) Pipe threads shall be taper threads (e.g. ISO 7 or ASME B 1.20.1) and shall comply with the pressure design
code.

c) Threaded connections shall not be used for flammable or toxic fluids. Where threaded joints are permitted,
they shall not be seal welded.

4.4.3.6 pipe nipple, which should not be more than 150 mm (6 in) long, shall be installed in-a threaded or

socket weld [opening. Pipe nipples shall be a minimum of schedule 160 seamless for threaded_€onneftions and

schedule 80 for socket welded connections. Each pipe nipple shall be provided with a welding neck; socket weld or

slip-on flangg.

NOTE THe schedules are as specified in ASME B 36.10M.

4.4.3.7 [[apped openings not connected to piping shall be plugged with solid steel plugs. As a minirnum these

plugs shall meet the material requirements of the casing. Plugs that may later require removal shall be of|corrosion-

resistant ma

ferial. Threads shall be lubricated. Tape shall not be applied to“threads of plugs insert

bd into oil

passages. Plastic plugs shall not be used.

4.5 Exterpal forces and moments

4.5.1 The pompressor shall be designed to withstand externalforces and moments on each nozzle cdlculated in
accordance with Annex G. The vendor shall furnish the allowable forces and moments for each nozzlg in tabular
form togethef with the co-ordinates.

4.5.2 Casihg and supports shall be designed to have'sufficient strength and rigidity to limit coupling migalignment
caused by imjposing allowable forces and moments-to-50 pm (0,002 in).

4.6 Rotating elements

4.6.1 Shaffs shall be made of one-piece heat-treated steel, suitably machined. Shafts that have |a finished
diameter larger than 200 mm (8 in) shall be forged steel. Shafts that have a finished diameter of 200 mm (8 in) or
less shall be[forged steel or, with-the’ purchaser's approval, hot rolled bar stock, providing that the bar sfock meets
all quality angl heat treatment criteria established for shaft forgings.

4.6.2 Shaff ends for coupling fits shall be in accordance with ISO 10441.

4.6.3 Unleps othersshaft protection is approved by the purchaser, renewable shaft sleeves shall be fyrnished at

fial that is
be suitably
tions).

all close cleprance,-points unless rotating seals are used. These sleeves shall be made of a mate
corrosion-re |stant in the specified service. The sleeves under close clearance bushing end seals shall

4.6.4 The design of shaft-sleeve-impeller assemblies shall not create temporary or 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.

4.6.5 The rotor shaft sensing areas to be observed by radial vibration probes shall be concentric with the bearing
journals. All shaft sensing areas (both radial vibration and axial position) shall be free from stencil and scribe marks
or any other surface discontinuity, such as an oil hole or a keyway. These areas shall not be metallised, sleeved, or
plated. The final surface finish shall be 0,4 ym to 0,8 um (16 to 32 micro-inches) Ra, preferably obtained by honing
or burnishing. These areas shall be properly demagnetized or otherwise treated so that the combined total
electrical and mechanical runout does not exceed 25 % of the maximum allowed peak-to-peak vibration amplitude
or the following value, whichever is greater:

10 © 1SO 2002 — All rights reserved
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a) for areas to be observed by radial vibration probes, 6 pm (250 micro-inches);

b) for areas to be observed by axial position probes, 13 ym (250 micro-inches).

If all reasonable efforts fail to achieve these limits, the vendor and the purchaser shall mutually agree on alternate
acceptance criteria.

4.6.6 Each rotor shall be clearly marked with a unique identification number. This number shall be on the end of

the shaft opposite the coupling or in an accessible area that is not prone to maintenance damage.

4.6.7

such as el
a unique i

468 W
passagew|
welding or

4.6.9
permitted

4.6.10 W

46.11 T
geometry.

NOTE

46.12 In
liquid film
provided V
collars are
prevent fre

4.6.13 Bq

ctroerosmn and r|vet|ng may be used |f approved by the purchaser Each |mpeIIer shall be
lentification number.

elded, brazed and riveted impellers may consist of forged and cast components. Weld
by shall be smooth and free from weld spatter. Impellers shall be heat-treated and stress-
brazing. Vane entrance and exits shall not have knife edges.

Cast impellers shall be finished all over except for gas passageways. Upgrade or repair we

bnly with the purchaser's approval.
elding as a means of balancing an impeller is not permitted.

e design of stressed parts shall include proper evaluation.ef the stress concentration factor
The design of stressed rotating parts shall include filletsthat limit the SCF.

Areas of concern include the impeller vane-to-disk intersections, keyways and shaft section changes.

egral thrust collars are preferred. Replacement thrust collars shall be furnished if required fi
type, mechanical contact type or gas type shaft seals. If integral collars are furnished,
vith at least 3 mm (Y& in) of additional stock to enable refinishing if the collar is damaged. |
furnished (for assembly and maintenance purposes), they shall be positively locked to
tting.

th faces of thrust collars shall*have a surface finish of not more than 0,4 um (16 micro-in

the axial t¢tal indicated runout of either-face shall not exceed 13 pm (500 micro-inches).

46.14 C

4.6.15 If
separate
chamber,

4.6.16 T
labyrinth

bmpressor designs that-do not require a balance drum are acceptable.

Fequired, a balange drum, line and porting shall be provided to limit axial loads on the thrus
bressure tap“connection or connections shall be provided to indicate the pressure in t
hot in the/balance line.

e balance line shall be flanged and sized to handle balance drum gas leakage at twice the
learance without exceeding the load rating of the thrust bearings (see 4.7.3.3). If the

nnnnnn dat

ImpeIIers may be closed conS|st|ng of a dISk vanes, and a cover, or they may be semi- open consisting of
a disk and-ve Oraze - = - 1 1

ing methods,
marked with

5 in the gas
relieved after

ding may be

SCF) for the

br removal of
hey shall be
replaceable
the shaft to

thes) Ra and

t bearings. A

ne balancing

initial design
balance line

requires ap
Annex A).

ha tH EP-N 1~ ETY +h tH hall b mdiaatad n-th
'JUIUIIGOUI UUIIIIUUI.IUII wino 'lellly, u IUII uare \JUIIIIU\JI.IUII OILUO LA Vo miuiealTu Urn Uit uat

sheets (see

4.6.17 To prevent the build-up of potential voltages in the shaft, residual magnetism of the rotating element shall
not exceed 0,000 5 T (5 gauss).

4.7 Bearings and bearing housings

4.71

4711

©1S0 2002 -

General

Hydrodynamic radial and thrust bearings shall be provided unless specific approval to the contrary is
obtained from the purchaser.

All rights reserved
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NOTE

new technology at this time.

4.71.2

temperature sensors installed in accordance with API 670.

4.7.2 Radial bearings

4.7.21

Annex J gives application considerations for use of active magnetic bearings, where specified. These bearings are

Unless otherwise specified, thrust bearings and radial bearings shall be fitted with bearing metal

Radial bearings of the sleeve or pad type shall be used and shall be split for ease of assembly. The

use of non-split designs requires the purchaser's approval. The bearings shall be precision bored with steel-
backed, babbitted replaceable liners, pads or shells. The bearings shall be equipped with anti-rotation pins and

shall be posi

4.7.2.2
entire range

4.9.5.6) whilg¢ the equipment is operating loaded or unloaded at any speed (see 4.9.1.3) within.the speci

range.

4.7.2.3

top half of t
replacement
replacement

4.7.2.4
pad type rad

4.7.3 Thru

4.7.31

for equal thr
sides shall b
share of the

4.7.3.2
that intercha

4.7.3.3
conditions. G

H ! () A H 4
IVETY SELUTTU TIT UIC aAlal UlTcUUUIT.

'he bearing design shall suppress hydrodynamic instabilities and provide sufficient dampin
of allowable bearings clearances to limit rotor vibration to the maximum specified lamplif

[he liners, pads or shells shall be in axially split housings and shall be replaceable. The rem
ne casing of an axially split machine or the head of a radially split<unit shall not be re
of these elements. The bearing design shall not require remoyal of the coupling hub
of the bearing liners, pads or shells unless approved by the purchaser.

Compressors equipped with sleeve type journal bearings shall be designed for field installati
al bearings without remachining of the bearing bracket.

5t bearings

Hydrodynamic thrust bearings shall be of the ‘stéel-backed, babbitted multiple segment type
Ist capacity in both directions and arranged-for continuous pressurized lubrication to each
e of the tilting pad type incorporating a self-levelling feature assuring that each pad carrie
hrust load, even with minor variations -in-pad thickness.

Fach pad shall be designed and manufactured with dimensional precision (thickness variz
ngeability or replacement of thetindividual pads is allowed.

[hrust bearings shall be(sized for continuous operation under the most adverse specified
alculation of the thrustforce shall include, but shall not be limited to, the following factors:

g over the
udes (see
fied speed

pval of the
quired for
to permit

pn of tilting

designed
side. Both
5 an equal

tion) such

operating

a) seal maximum design intérhal clearances and twice the maximum design internal clearances;
b) pressuriged rotor diameter step changes;
c) stage maximum-differential pressures;
d) specified extreme variations in inlet, interstage, and discharge pressures;
e) external thrust forces transmitted through the couplings;
f)  the maximum thrust force from the drive motor if the motor is directly connected.
4.7.3.4 For gear type coupling, the external thrust force shall be calculated from the following formula:
B (0,25) (9 550) P,
N, xD
12
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Or, in US customary units:

(0,25) X (63 300) P,
N, xD

where
F is the external force, kilonewtons (pound force);

P, s the rated power, in kilowatts (horsepower);

N, ig the rated speed, in revolutions per minute;
D ig the shaft diameter of the coupling, in millimetres (inches).
4.7.3.5 Thrust forces for flexible element type couplings shall be calculated on ¢he" basis of the maximum

allowable geflection permitted by the coupling manufacturer.
4.7.3.6 If two or more rotor thrust forces are to be carried by one thrust bearing (such as in a gear box) the
resultant ¢f the forces shall be used, provided the directions of the forces. make them numerically additive;
otherwise | the largest of the forces shall be used.
4.7.3.7 Hydrodynamic thrust bearings shall be selected such that, under any operating conditjon, the load
does not gxceed 50 % of the bearing manufacturer's ultimate load rating. The ultimate load rating shall be the load
that will pfoduce the minimum acceptable oil film thickness without inducing failure during continuoys service, or
the greatept load that does not exceed the creep initiation or yield strength of the babbit at the location| of maximum
temperatufe on the pad, whichever load is the lesser of the two. In sizing thrust bearings, considergtion shall be
given to the following for each specific application:

a) shaft ppeed;

b) temperature of the bearing babbitt;

c) deflegtion of the bearing pad;

d) minimum oil film thickness;

e) feed rate, viscosity, and supply temperature of the oil;
f)  desigh configuratiomofthe bearing;

g) babbift alloy and pad material;

h) turbulence of the oil film.

The basis for the sizing of thrust bearings shall be reviewed and approved by the purchaser.

4.7.3.8 Thrust bearings shall be arranged to allow axial positioning of each rotor relative to the casing and
setting of the thrust bearings' clearance.

4.7.4 Bearing housings

4.7.41 Rotor support system parts (bearings, bearing housings, bearing shells, and bearing brackets) shall be
axially split, non-pressurized (vented to atmosphere) and furnished with plugged connections for dry air or inert gas
purge to any atmospheric labyrinth seals. Axial split bearing housings shall have a metal-to-metal split joint whose
halves are located by means of dowels.

© 1SO 2002 — Al rights reserved 13
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4.7.4.2 Compressors that use semi-enclosed coupling guards shall have bearing housings equipped with
replaceable labyrinth type end seals and deflectors where the shaft passes through the housing; lip type seals shall
not be used. The seals and deflectors shall be made of non-sparking materials. The design of the seals and
deflectors shall effectively retain oil in the housing and prevent entry of foreign material into the housing.

4.74.3 Bearing housings for pressure-lubricated hydrodynamic bearings shall be arranged to minimize
foaming. The drain system shall be adequate to maintain the oil and foam level below shaft end seals. Oil outlets
from flooded thrust bearings shall be tangential and in the upper half of the control ring or, if control rings are not

used, in the thrust bearing cartridge.

4744 The rise in oil temperature through the bearing and housing shall not exceed 30 °C (50 °F) under the
most adverse-specified-operatingconditions—he bearirgoutet-oii-temperatureshalretexeeed-8526{180 °F). If
the inlet oil tgmperature exceeds 50 °C (120 °F), special consideration shall be given to bearing design,| qil flow and
allowable temperature rise.

4.74.5 Bhaft support structures bolted to casings shall be of steel.

4.7.4.6 Dil connections on bearing housings shall be in accordance with 4.4.3.

4.7.4.7 Provision shall be made for mounting two radial vibration probes in €ach bearing housing| two axial
position probes at the thrust end of each machine, and a one event per revolution<probe in each maching shaft line.
The probe ingtallation shall be as specified in APl 670.

4.8 Shaftiseals

4.8.1 Gengdral

4.81.1 Bhaft seals shall be provided to restrict or preventprocess gas leakage to the atmosphere of seal fluid
leakage into| the process gas stream over the range of\Specified operating conditions, including start-up and
shutdown. Sgal operation shall be suitable for specified Vvariations in suction conditions that may preyail during
start-up, shufdown or settling out, or during any other\special operation specified by the purchaser, su¢h as slow
roll or reversg rotation. The maximum sealing pressure shall be at least equal to the settling out pressure| The shaft
seals and sepl system shall be designed to permit\safe compressor pressurization with the seal system inj operation
prior to procgss start-up.

The purchasgr should establish a realistic value for the settling out pressure. The value should be shdwn on the
data sheets.

4.8.1.2 Bhaft seals and, if.specified, shaft sleeves shall be accessible for inspection and replacemégnt without
removing thg top half of the gasing of an axially split compressor or the heads of a radially split unit.

NOTE It |s recognized\that this requirement may not be feasible for overhung designs or shrink fit sleeves.

4.8.1.3 Shaft seals may be one or a combination of the following (4.8.2.1 to 4.8.2.5) types as specified by the
purchaser or| thé\data sheets. The materials for component parts shall be suitable for the service.

4.8.2 Requirements for types

4.8.2.1

The labyrinth seal (a typical seal is shown in Figure 2) may include carbon rings in addition to the

labyrinths, if approved by the purchaser. Labyrinths may be stationary or rotating. Eductors or injection systems, if
used, shall be furnished complete with piping regulation and control valves, pressure gauges, strainers, and so
forth. 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 (see 4.8.3.4 and 5.5.1.6).
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Key
1 Interna
2  Atmosy

a8  Ports npay be added for scavenging, inert-gas sealing or both.

4.8.2.2
another sy
or from 4
compress
suppleme
the seal o

design shall be mutually agreed upon by the purchaser and the vendor.

4.8.2.3
mounted i

as in the mechanigal*type or with a buffer gas.

4.8.2.4

gas pressure
here

Figure 2 — Labyrinth shaft seal

The mechanical (contact) seal \(see Figure 3) shall be provided with labyrinths and sli
itable liquid furnished under pressure to the rotating seal faces may be supplied from the lu
h independent seal system:*Mechanical seals shall be designed to prevent gas leaka
br is pressurized and beifig-shut down, and after it is stopped in the event of seal oil fai
ntal devices may be provided to ensure sealing when the compressor is pressurized but no
| system is shut down="The purchaser shall specify whether such a device is to be provid

N retainers~or in spacers. The seal may be operated dry, as in the labyrinth type, or with a g

The liquid film seal (see Figures 5 and 6) shall be provided with sealing rings or b

hgers. Oil or
be oil system
De while the
ure. Various
running and
ed. The final

The restrictive ring seal (see Figure 4) shall include rings of carbon or another suitable material

ealing liquid,

ushings and

labyrinths.
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e cylindrical

bushing type shown in Figure 5 or the pumping type shown in Figure 6. An elevated tank to maintain static head in
excess of the compressor sealing pressure shall be provided. The vendor shall state the height of the tank above
the compressor centreline. Other means of maintaining this differential pressure and positive seal may be used
with the purchaser's approval.

© I1SO 2002 — Al rights reserved
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Figure‘3.— Mechanical (contact) shaft seal
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Key

1 Internal gas pressure
2  Atmosphere

@  Ports npay be added for sealing.

o

Scaverging port may be added for vacuum application.

Figure 4 — Restrictive ring shaft seal
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Figure 5 — Liquid film §haft seal with cylindrical bushings
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1 Clean ¢il recirculation 6 Outer bushing

2 Interna gas pressure 7 Oil out

3 Shaft s|eeve 8 Atmosphere

4 Pumping area 9 Cleanoilin

5 Inner bushing 10 Contaminated oil out

Figure 6—Liquid film seal with pumping bushings

4.8.2.5 The self-acting_gas seal may require a clean seal gas supply but does not requite any liquid
lubricationl The purchaser.may specify the required seal configuration. Typical tandem seal confilurations are
shown in Figures 7 and’8.:\In these configurations, two identical seals are arranged in series as primgry and back-
up seals, jone configdration without an internal labyrinth (Figure 7), and the other configuration with an internal
labyrinth (Figure 8)xWhere there is danger of leakage of toxic or flammable gases to the atmosphgre, then the
arrangement in.kigure 8 shall be used. A separation seal is generally required to prevent legkage to the
atmosphefe or.to the bearing housing as well as oil leakage to the seal.

The seal gas shall be filtered and free from any contaminants that form residues. The seal gas may be taken from
the compressor discharge or interstage point. An alternative seal gas source may be used and may be required
during start-up and shutdown. Suitable measures shall be taken to protect the seal against reverse pressurization.
The method of control shall be mutually agreed between purchaser and vendor. For testing considerations at the
seal manufacturer's shop for this type of seal, see annex | and the data sheets (annex A).

Other configurations, for example, single, double (back-to-back) or triple, may be used, depending on the
application.

NOTE 1 For certain applications external cooling of seals could be required.

NOTE 2  The seal will leak a small amount of seal gas.
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Figure 7 -< Self-acting tandem gas seal
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1 Sealggsin 6 Primary seal

2 Primary seal leakage 7 Rotating seat
3 Buffer gas 8 Stationary seat
4  Atmospheric vent 9 Backup seal

5 Separgtion gas

Figure 8 — Self-acting tandem gas seal with internal labyrinth

4.8.3 Other requirements

4.8.3.1 For any shaft end seals that use sealing liquid, the inward leakage from each seal shall bg piped to an
independdnt drain pot. Thexindividual shaft end inward seal leakages shall be adequate to preyent outward
migration pf process gas,-NO individual shaft end seal shall have a leakage rate greater than 70 % of the total
expected leakage from all'shaft end seals in a single machine.

4.8.3.2 Oil contaminated by process gas that would damage components such as bearings, seal ffings, O-rings
and couplings shall'be piped away separately to allow disposal or reconditioning.

4.8.3.3 Seal pressure equalizing lines and associated gas passages (including those for refergnce gas and
axial thrust force balancing) shall be sized to maintain design shaft end seal performance at twice the maximum
initial design clearances. The lines and passages shall also be sized to maintain substantially equal pressures at
both shaft end seals during acceleration.

4.8.3.4 Unless otherwise specified, the seal design shall have provision for buffer gas injection to each seal.
The purchaser shall specify whether buffer gas injection is to be used and, if so, the composition of that gas. In
addition, the vendor shall state whether buffer gas injection is required for any specified operating conditions. If
buffer gas injection is required (see Figure 8), the vendor shall state the gas requirements, and, if specified, furnish
the complete control system schematic and bill of material. The method of control shall be mutually agreed
between vendor and purchaser.

4.8.3.5 If specified for compressors with sub-atmospheric pressure at the shaft end seals, provision shall be
made to pressurize these seals with gas at a pressure that is higher than atmospheric.
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4.9 Dynamics

4.9.1 Critical speeds

4911 If the frequency of a periodic forcing phenomenon (exciting frequency) applied to a rotor-bearing
support system corresponds to a natural frequency of that system, the system may be in a state of resonance.

49.1.2 A rotor-bearing support system in resonance shall have its normal vibration displacement amplified.
The magnitude of amplification and the rate of phase angle change are related to the amount of damping in the
system and the mode shape taken by the rotor.

NOTE THe mode shapes are commonly referred to as the first rigid (translatory or bouncing) mode, the, gecond rigid
(conical or rocking) mode and the (first, second, third ....nth) bending mode.

4913 When the rotor amplification factor (see Figure 9) as measured on the test stand at.the vibrdtion probe
is greater than or equal to 2,5, that frequency is called critical and the corresponding shaft fotational frequency is
called a “critical speed”. For the purposes of this International Standard, a critically damped.system is orfe in which
the amplificalion factor is less than 2,5.

4914 Critical speeds shall be determined analytically by means of a damped, unbalanced rotor response
analysis and|shall be confirmed by test stand data.

49.1.5 A\n exciting frequency may be less than, equal to, or greatef. than the rotational speed of the rotor.
Potential for¢ed and self-exciting frequencies considered in system desigh shall include, but are not limited to, the
following sources:

a) unbalange in the rotor system;

b) oil film instabilities (whirl);

c) internal fubs;

d) blade, vaine, nozzle, and diffuser passing frequencies;
e) gear tooth meshing and side bands;

f)  coupling misalignment;

g) loose rofor system components;

h) hysteret|c and friction whirl;

i)  boundary layer flow)separation;

i) acousticland.aerodynamic cross coupling forces;

k) asynchronous whirl.

4.91.6 Resonances of support systems within the vendor's scope of supply shall not occur within the specified
operating speed range or the specified separation margins, unless the resonances are critically damped.

4.91.7 The vendor having unit responsibility shall ensure the compatibility of drive-train critical speeds (rotor
lateral, system torsional, blading modes, and the like) with the critical speeds of the machinery being supplied and
that the combination is suitable for the specified operating speed range, including any starting speed detent (hold
point) requirements of the train. A list of all undesirable speeds from zero to trip shall be submitted to the purchaser
for review and included in the instruction manual for the guidance of the purchaser (see annex C).
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Figure 9 — Rotor response plot
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4.9.2 Lateral analysis

4921 The vendor shall provide a damped, unbalanced response analysis for each machine in order to
ensure acceptable amplitudes of vibration at any speed from zero to trip. An example of the logic diagram of the
lateral analysis and test procedures is provided in annex E.

4.9.2.2 The damped, unbalanced response analysis shall include, but shall not be limited to, the following
considerations.

a) Support (base, frame, and bearing housing) stiffness, mass and damping characteristics, including effects of
rotational speed variation. The vendor shall state the assumed support system values.

b) Bearing| lubricant film stiffness and damping changes due to speed, load, preload, oil Aenjperatures,
accumulated assembly tolerances and maximum-to-minimum clearances.

c) Rotationfal speed, including the various starting speed detents, operating speed and load ranges| (including
agreed uipon test conditions if different from those specified), trip speed, and coast-down’conditions.

d) Rotor masses, including the mass moment of coupling halves, stiffness and damping effects (fof example,
accumulated fit tolerances, and frame and casing effects).

e) The infllence over the operative range of the calculated values for hydrodynamic stiffness angd damping
generated by the casing, seals and labyrinths.

4.9.2.3 specified, the effects of other equipment in the train shall be included in the damped, unbalanced

response analysis (i.e. a train lateral analysis shall be performed).

EXAMPLE A train lateral analysis should be specified for trains with a rigid coupling.
49.2.4 'he damped unbalanced response analysis shall include items a) to e) as follows. (See anngx C).
a) A plot and identification of the mode shape at each resonant speed (critically damped or not) from Zero to trip,

b)

24

as well gs the next mode occurring above the trip speed.
Frequency, phase and response amplitude data at the vibration probe locations through the range of each
critical speed, using the following arrangement of unbalance for the particular mode. This unbalange shall be

sufficient to raise the displacement-of the rotor at the probe locations to the vibration limit defied by the
following equation:

L, F25,4,/12000/ N

or in US|customary Units,

Ly k= [12600/ N

where

L, is the vibration limit (amplitude of unfiltered vibration), in micrometres (mil), peak-to-peak;

N is the operating speed nearest the critical of concern, in revolutions per minute.

The unbalance shall be no less than two times the unbalance limit specified in 4.9.5.3. The unbalance mass or
masses shall be placed at the location or locations within the bearing span that have been analytically
determined as affecting the particular mode most adversely (e.g. at mid-span for translatory modes or near
both ends and 180° out of phase for conical modes). For bending modes with maximum deflections at the
shaft's ends, the amount of unbalance shall be based on the overhung mass rather than the static bearing
loading.
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c) Modal diagrams for each response in b), indicating the phase and major axis amplitude at each coupling
engagement plane, the centrelines of the bearings, the locations of the vibration probes, at each seal area
throughout the machine. The minimum design diametrical running clearance of the seals shall also be
indicated.

d) For the purposes of the verification test (see 4.9.3), an additional plot of a test unbalance, as specified in b)
(based on static bearing loading for rigid modes or based on overhung mass for bending modes). This test
mass shall be at least two times and no more than eight times the unbalance limit specified in 4.9.5.3, and
shall be placed at a location determined by the vendor.

e) If specified, the generatlon of a stlffness map of the undamped rotor response from which the damped
unbalgree-response-analysis-speeified-in-e)-has-been-de v y-vgrsus support
systein stiffness with the calculated support system stlffness curves superim posed

49.25 The damped unbalance response analysis shall indicate that the machine in the_unbalanged condition
4.9.2.4, b) shall meet the following acceptance criteria (see Figure 9).

a) If thelamplification factor is less than 2,5, the response is considered criticallyx"damped and rjo separation
margip is required.

b) If the|amplification factor is 2,5 to 3,55, a separation margin of 15 % above the maximum continuous speed
and 5| % below the minimum operating speed is required.

c) If the|l amplification factor, y, is greater than 3,55 and the critical response peak is below fhe minimum
operating speed, the required separation margin (a percentage of'minimum speed) is calculated afp follows:

E>M:100—[84+ 6 J
u-3

d) If uis|greater than 3,55 and the critical responseypeak is above the trip speed, the required SM (g percentage
of makimum continuous speed) is equal to the following:

E>M:[126—Lj—100
u-3

4.9.2.6 The calculated unbalaneed peak-to-peak rotor amplitudes [see 4.9.2.4.b)] at any speed|from zero to
trip shall ot exceed 75 % of thesminimum design diametrical running clearances throughout the machine (with the
exception pf floating ring and‘abradable seal locations).

4.9.2.7 If, after thé~purchaser and the vendor have agreed that all practical design effort§ have been
exhausted, the analysis-indicates that the separation margins still cannot be met or that a critical response peak
falls withir] the operating speed range, acceptable amplitudes shall be mutually agreed upon by the pprchaser and
the vendol, subject to the requirement of 4.9.2.6.

49.2.8 [f’specified, or when average gas density in a compressor casing exceeds 60 kg/m3 (3.75 Ib/ft3), the
vendor shall carry out a rotor stability analysis. This shall be made at rated speed for constant speed machines and
over the speed range from minimum to maximum continuous speed for variable speed compressors. The analysis
shall be performed without, and then with, destabilizing aerodynamic effects, taking into account the highest gas
density. The results are to be provided as plots showing the damped critical speeds and the log decrement as a
function of speed. The vendor should demonstrate the acceptability of the calculated value of log decrement by
reference to similar machines in satisfactory operation. This should be over the speed range from minimum to
maximum continuous speed. This stability analysis should also take into account all items listed in 4.9.2.2.

4.9.3 Shop verification of unbalanced response analysis

4.9.31 If specified, the vendor shall demonstrate the accuracy of the vendor's unbalanced responce
calculation by performing an unbalanced responce test in accordance with 4.9.
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4.9.3.2 The actual critical speed responses, as revealed on the test stand with a rotor unbalance magnitude in
accordance with 4.9.2.4, d), placed at a location (usually the coupling) determined by the vendor, shall be the
criteria for confirming the validity of the damped unbalanced response analysis.

NOTE It is recognized that the dynamic response of the machine on the test stand will be a function of the agreed upon
test conditions and that unless the test stand results are obtained at the conditions of pressure, temperature, speed, and load
expected in the field, they may not be the same as the results expected in the field.

4.9.3.3 The parameters to be measured during the test shall be speed and shaft vibration amplitudes with
corresponding phase. The vibration amplitudes and phase from each pair of x —y vibration probes shall be
vectorially summed at each response peak to determine the maximum amplitude of vibration. The major axis

amplitude of each response peak shall nat exceed the limits specified in 49268 The gain of the

recording

instrumentat
60 % to 100

NOTE 1 It
always require

NOTE2  THh
between a ph
API 670) and
angle betweer

NOTE3  TH
equivalent. If {

If the phase anfgle between the x and y signals is 90°, the major axis value is the.greater of the two vibration signals.

49.3.4
required if, fr
response an
following con
a) any criti
speed r3

b) therequ

Unbalance m

4.9.2.4, b) apd d). Unbalance magnitudes shall be achieved by adjusting the residual unbalance that e

rotor from th
the equation
accordance

a) atnosp

b) atno sp

running

on used shall be predetermined and preset before the test so that the highest response pes
Y of the recorder's full scale on the test unit coast-down (deceleration).

s recognized that vectorial subtraction of slow roll (300 r/min to 600 r/min) total electrical and’mechani
d for this verification and that vectorial subtraction of bearing housing motion is normallyirequired.

e phase on each vibration signal, x or y, is the angular measure, in degrees,. of ‘the phase diffg
bse reference signal (from a phase transducer sensing a once per revolution /mark on the rotor, as
he next positive peak, in time, of the synchronous (Ix) vibration signal. (If proxXimity probes are used, th
the vibration probe and the high spot on the rotor).

e major axis amplitude is properly determined from a lissajous (orbit) display on an oscilloscope, 0sq

he phase angle between the x and y signals is not 90°, the major axis amplitude can be approximated

Additional testing and correction of the original damped, unbalanced rotor response analys
om the test data described above, or from a phase“er amplitude indication in the damped u
blysis [based on the unbalance conditions described in 4.9.2.4, b)], or both, it appears that e
ditions exists:

al response fails to meet the separation.margin requirements (see 4.9.2.5) or falls within the
nge;

rement of 4.9.2.6 has not been met.

asses shall be determined and placed as mutually agreed upon by the purchaser and the v
P initial run to raise the displacement of the rotor at the probe locations to the vibration limit
in 4.9.2.4, b) at.the maximum continuous speed. The measurements from this test
vith 4.9.3.2, shallindicate the following acceptance criteria for the machine.

bed shall theshaft deflections exceed 90 % of the minimum design running clearances.

eed.within the operating speed range shall the shaft deflections exceed 55 % of the minim
Clearances or 150 % of the allowable vibration limit at the probes [see 4.9.2.4, b)].

k is within

al runout is

rence (lag)
escribed in
is is the lag

illograph or
Dy (x2472)"%,

s shall be
hbalanced
ther of the

operating
endor (see
ists in the

defined by
taken in

LUm design

The internal deflection limits specified in a) and b) immediately above shall be based on the calculated displacement
ratios between the probe locations and the areas of concern identified in 4.9.2.4, c). Actual internal displacements for
these tests shall be calculated by multiplying these ratios by the major axis amplitudes (see 4.9.3.2). Acceptance shall
be based on these calculated displacements, not on inspection of seals after testing; however, damage to any portion
of the machine as a result of this testing shall constitute failure of the test. Minor internal seal rubs that do not cause
clearance changes outside the vendor's new part tolerance do not constitute damage.

4.9.4 Torsional analysis

4941 Excitations of torsional natural frequency may come from many sources, which should be considered
in the analysis. These sources may include, but are not limited to, the following:
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c)
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gear problems such as unbalance and pitch line runout;

start-up conditions such as speed detents (under inertial impedances) and other torsional oscillations;

torsional transients such as switch on and terminal short circuit of all kinds of electric motors, start-up,

operation and worst-case transient of variable speed electric motors, and start-up of synchronous electric
motors.

4942

The torsional natural frequency of the complete train shall be at least 10 % above or 10

% below any

possible excitation frequency within the specified operating speed range (from minimum to maximum continuous

speed).

4943
motor driV
occur, sha
that are n
torsional &
and the ve

49.4.4
variable s
frequencig

non-s
intege
non-if
carrie
switch
49.4.5

vendor h3
exhausted
4.9.4.6

vendor sh
modificatid
4.9.4.7

torsional V
upon by th

en systems shall preferably be avoided or, in systems in which corresponding excitatior
Il be shown to have no adverse effect. In addition to multiples of running speeds; torsion
ot a function of operating speeds or that are non-synchronous in nature shall;be cons
nalysis if applicable. Identification of these frequencies shall be the mutual responsibility of {
ndor.

For the torsional analysis of variable-speed motor-driven compressers, the vendor, toge
beed motor supplier shall identify all excitation frequencies and their_consequences on the
s shall include but not be limited to

peed dependant excitations such as ripple,

r harmonics,

teger harmonics,

r frequency harmonics, and

ing harmonics between speed-control-windows.

If torsional resonances are calculated to fall within the margin specified above, and the p
ve agreed that all efforts to._femove the critical from within the limiting frequency rang
, the vendor shall demonstrate*that the resonances have no adverse effect on the complete

For motor-driven units‘and units including gears, or — if specified — for turbine driv
bl perform a torsional vibration analysis of the complete train and shall be responsible for,
ns necessary to.meet the requirements of 4.9.4.1 t0 4.9.4.4.

In additionsto the torsional analyses required in 4.9.4.2 to 4.9.4.5, the vendor shall perfor|

ibration analysis for motor-driven units. The acceptance criteria for this analysis shall be mu
e purchaser and the vendor.

4.9.5 Vibration and balancing

4951

Torsional criticals at two times running speed as well as one and two times the supply Jrequency for

frequencies
bl excitations
dered in the
he purchaser

ther with the
train. These

irchaser and
b have been
frain.

BN units, the

directing the

M a transient
tually agreed

Major parts of the rotating element, such as the shaft, balancing drum and impellers, shall be

individually dynamically balanced before assembly to 1SO 1940-1 grade G2,5 (with respect to the maximum
continuous speed) or better. If a bare shaft with a single key way is dynamically balanced, the key way shall be
filled with a fully crowned half-key in accordance with ISO 8821. A shaft with key ways 180° apart, but not in the
same transverse plane, shall also be filled thus. The initial balance correction to the bare shaft shall be recorded.

4.9.5.2 The complete rotor shall be balanced either at low speed in accordance with 4.9.5.3 or at high speed
in accordance with 4.9.5.5.

49.5.3 For low-speed balancing, the rotating element shall be multiplane dynamically balanced during
assembly. This shall be accomplished after the addition of no more than two major components. Balancing
correction shall be applied only to the elements added. Minor correction of other components may be required
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during the final trim balancing of the rotor (see 4.9.5.1). In the sequential balancing process, any half-keys used in
the balancing of the bare shaft shall continue to be used until they are replaced with the final key and mating
element. The mass of all half-keys used during final balancing of the assembled element shall be recorded on the
residual unbalance work sheet (see annex D). The maximum allowable residual unbalance per plane (journal) shall
be calculated as follows:

Upmax =6 350 W/ N

or, in US customary units,

Umax =4 WIN

where
Unax IS the residual unbalance, in gram millimetres (ounce inches);
w s the journal static mass load, in kilograms (pounds);

s the maximum continuous speed, in revolutions per minute.
If spare rotorg are supplied they shall be dynamically balanced to the same tolerances as the main rotor.

4.9.5.4 A\fter the final low-speed balancing of each assembled rotating element has been completed, a
residual unbalanced check shall be performed and recorded as described in annex D.

4.9.5.5 High-speed balancing may be done (balancing in a.high-speed balancing machine at the| operating
speed). The pcceptance criteria for this balancing shall be mutually agreed upon by the purchaser and the vendor.

4.9.5.6 During the shop test of the machine, assembled with the balanced rotor, operating at its| maximum
continuous speed or at any other speed within the specified operating speed range, the peak-to-peak amplitude of

unfiltered viljration in any plane, measured on the shaft adjacent and relative to each radial bearing, shall not
exceed the following value or 50 um (2,0 mil), whichever is less:

A=25,4,/12000/ N

or, in US customary units,

4=120000/ N

where
A is tHe amplifude of unfiltered vibration, in micrometres (mil), peak-to-peak;

N is tHesmaximum continuous speed, in revolutions per minute

At any speed greater than the maximum continuous speed, up to and including the trip speed of the driver, the
vibration shall not exceed 150 % of the maximum value recorded at the maximum continuous speed, unless the
unbalance response analysis indicates a steeper rise of vibration levels, when the limit shall be that given by
calculation or 150 % of those given by the equation above, whichever is the lower.

NOTE These limits are not to be confused with the limits specified in 4.9.3. for shop verification of unbalanced response.
4.9.5.7 Electrical and mechanical runout shall be determined and recorded.
4.9.5.8 If the vendor can demonstrate that electrical or mechanical runout is present, a maximum of 25 % of

the test level calculated from the equation in 4.9.5.6 or 6,5 um (0,25 mil), whichever is greater, may be vectorially
subtracted from the vibration signal measured during the factory test.
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be” oil and seal oil systems

4.10.1 Unless otherwise specified, a pressurized oil system or systems shall be furnished to supply oil at a
suitable pressure or pressures, as applicable, to the following:

a)
b)

c)

the bearings of the driver and of the driven equipment (including any gear);
the continuously lubricated couplings;

the governing and control oil system;

d) thes

e) the pu
410.2 O
polished ¢
and other

4.10.3 T
separate 3
described

atoitsystenT;
rchaser's control system (if hydraulic).

| reservoirs and housings that enclose moving lubricated parts (such as bearings, shaft
arts, instruments and control elements shall be designed to minimize contamination by m
foreign matter during periods of operation or idleness.

e purchaser shall specify whether the seal oil and “lube” oil systems\are to be separate or|
ystems are specified, the means of preventing the interchange of gil between the two syst
in the vendor's proposal.

4.10.4 Unless otherwise specified, bearings and bearing housings shall be arranged for hyg

lubrication

4.10.5 Unless otherwise specified, pressurized oil systems shall conform to the requirements of |

approved
refrigerant

by the purchaser, a pressurized integral oil system may be provided for a closed loop, non
refrigeration system.

4.11 Mafterials

4.11.1 General

41111
except as

Construction materials shall:be at the manufacturer's discretion for the specified operatir]
required or prohibited by the-data sheets or otherwise by this International Standard. Table B

lists materjial specifications that, jif.used with appropriate heat treatment or impact testing requirements

generally
agreemen
componern

411.1.2
national o
physical p

considered acceptable-for major component parts. Other international material specificati
between purchaser”and vendor, be used for major component parts. The metallurgy

beals), highly
oisture, dust

combined. If
ems shall be

rocarbon oil

ISO 10438. If
hydrocarbon

g conditions,
1in annex B
or both, are

ons may, by
of all major

ts shall be clearlyystated in the vendor's proposal. See 5.5 for requirements for auxiliary piping materials.

Materials \and the material grade shall be identified in the proposal using established
I industry\designations. If no such designation is available, the vendor's material specifi
roperties, chemical composition and test requirements, shall be included in the proposal.

41113

r‘nppnr and copper allnye (nynlllding Monel or its nqni\/alnnf, hnnring babbittand

international,
ation, giving

precipitation

hardening stainless steels) shall not be used for parts of compressors or auxiliaries in contact with corrosive gas or
with gases capable of forming explosive copper compounds. The purchaser shall note such gas characteristics on
the inquiry data sheets.

411.1.4

The vendor shall specify optional tests and inspection procedures necessary to ensure t

hat materials

are satisfactory for the service. Such tests and inspections shall be listed in the proposal. The purchaser should

consider s

411.1.5

411.1.6

©1S0 2002 -

pecifying additional tests and inspections, especially for materials in critical service.

Selection of casing material shall be restricted by the limits imposed by 4.2.7 and 4.2.8.

Material that is notch-sensitive and prone to brittle fracture at ambient temperatures (e.g. ASTM A 515)
shall not be used.
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4.11.1.7 Materials exposed to Hydrogen-sulfide (H,S) gas service as defined by NACE MR 0175 shall be in
accordance with the requirements of NACE MR 0175. Ferrous materials not covered by NACE MR 0175 shall be
limited to a yield strength not exceeding 620 MPa (90 000 psi) and a Rockwell hardness not exceeding HRC 22.
Components that are fabricated by welding shall be stress relieved, if required, so that both the welds and the heat-
affected zones meet the yield strength and hardness requirements. The purchaser shall specify on the data sheets
the presence of H,S in the process gas.

NOTE Shafts in compressors of between-bearing design can exceed the stated limits of yield strength and hardness
because of requirements for higher strength at reduced shaft sections near couplings and because of the low levels of working
stress in the portion of the shaft between bearings.

411.1.8 The purchaser shall specify the presence of any corrosive agents in the process gas, the process
stream and the environment, including constituents that may cause stress corrosion cracking.

411.1.9 f parts made from austenitic stainless steels are exposed to a process gas or-envjronmental
conditions that promote corrosion, and they could be fabricated, hard-surfaced, repaired or Overlaid by welding,
then stabilizgd or low-carbon grades shall be used.

4.11.1.10 Austenitic steels shall not be used in services where stress corrosion cracking'is a possibility

NOTE Oyerlays or hard surface that contain more than 0,10 % carbon can sensitize both-low-carbon and stabiljzed grades
of austenitic sfainless steel unless a buffer layer that is not sensitive to inter-granular corresion is applied.

4.11.1.11 In hydrogen gas service at partial gauge pressures greater than Y00 kPa (100 psi) or at cong¢entrations
greater than fa molal percentage of 90 % at any pressure, impeller materials that have a yield strength in excess of
830 MPa (120 000 psi) or a hardness in excess of Rockwell HRC 34 are.prohibited.

4.11.1.12 Materials, casting factors and the quality of any welding shall be in accordance with thg pressure
design code.

4.11.1.13 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.

4.11.1.14 Minor parts that are not identified (eg-nuts, springs, washers, gaskets and keys) shall havg corrosion
resistance at|least equal to that of specified parts‘in the same environment.

411.1.15 Bolting material for pressurejoints shall be in accordance with the pressure design code.

411.1.16 |f mating parts such as)studs and nuts of austenitic stainless steel or materials with simjlar galling
tendencies gre used, they shall be lubricated with a suitable anti-seizure compound compatible with the process
conditions.

NOTE Tqrque loading.values will differ considerably with and without anti-seizure compound.

411117 QO-rings—shall be compatible with all specified services. For high-pressure servicep, special
consideration shall/be given to the selection of O-rings that will not be damaged by rapid depressurization of the
compressor.

4.11.2 Pressure-containing parts
4.11.21 The vendor shall specify on the data sheets (see annex A) the material grade of castings.

4.11.2.2 Welding of piping and pressure-containing parts, as well as any dissimilar metal welds and weld
repairs, shall be performed and inspected by operators and using procedures qualified in accordance with the
pressure design code.

4.11.2.3 The vendor shall be responsible for establishing weld repair procedures that are in accordance with
the pressure design code and for the implementation of repairs in accordance with these procedures as well as for
defect description, including post-repair heat treatment, if required, and non-destructive examination of repairs.
Such procedures are subject to review by the purchaser before any repair is made.
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Castings shall be sound and free from porosity, hot tears, shrink holes, blow holes, cracks, scale,
blisters and similar injurious defects. Surfaces of castings shall be cleaned by sandblasting, shot-blasting, chemical
cleaning, pickling or any other standard method. Mould parting fins and remains of gates and risers shall be

led or ground flush.

The use of chaplets in pressure castings shall be held to a minimum. The chaplets shall be clean and
corrosion free (plating permitted) and of a composition compatible with the casting.

Cast grey iron or nodular iron castings shall not be repaired by welding, peening

impregnating.

, burning or

4.11.2.7 Weldable-grades-of-steel-eastings-may-be-repaired-by-weldingusing-a—guatified-weldineqprocedure in
accordande with the pressure design code.

4.11.2.8 Cast grey iron or nodular iron may be repaired by plugging within the limits specified in|the selected
materials $pecification. The holes drilled for plugs shall be carefully examined, using liquid penetrant, tp ensure that
all defectiye material has been removed. All repairs that are not covered by the specification shall be gubject to the
purchaser|s approval.

4.11.2.9 Fully enclosed cored voids, including voids closed by plugging, shall ‘a0t be used.

4.11.2.10 | Nodular iron castings shall be in accordance with the pressure design code, or a standard agreed by

the purchg

ser (e.g. ASTM A 395).

4.11.2.11 | Pressure-containing casings made of wrought materials:or combinations of wrought and dast materials

shall confgrm to the following conditions.

a) Plate|edges shall be inspected by magnetic particle or liquid penetrant examination in accordgnce with the
presspre design code.

b) Accegsible surfaces of welds shall be inspected Gy magnetic particle or liquid penetrant examinatipn after back
chipping or gouging and again after stress relieving.

c) Pressure-containing welds, including welds of the case to horizontal and vertical joint flanges,| shall be full
penetration (complete joint) welds unless otherwise approved by the purchaser prior to any fabprication. For
excedtions see 4.4.3.

d) Fabrigated casings, including, main nozzles, shall be post weld heat treated, regardless of thickness. For
excedtions see 4.4.3.

e) Welded casings shall be examined radiographically or ultrasonically (see 4.11.4.). All pressufe-containing
welds| shall be examined in accordance with the pressure design code. Requirements fpr additional
exam|nation shall'be mutually agreed upon by the vendor and the purchaser.

4.11.212 | If¢specified, proposed connection designs shall be submitted to the purchaser for approval before

fabricatior|. The'drawings shall show weld designs, size, materials and both pre- and post-weld heat tr$atments.

4.11.3 Low temperature

For operating temperatures below —30 °C (-20 °F), or if specified for other low ambient temperatures, steels shall
have, at the lowest specified temperature, an impact strength sufficient to qualify under the minimum Charpy V-notch
impact energy requirements of the pressure design code. For materials and thickness not covered by the code, the
purchaser shall specify the requirements on the data sheets.

4.11.4 Material inspection of pressure-containing parts

411.41 Regardless of these generalized limits, it shall be the vendor's responsibility to review the design limits
of all castings in the event that more stringent requirements are specified.
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4.11.4.2 If radiographic, ultrasonic, magnetic particle, or liquid penetrant inspection of welds or materials is
required or specified, the following procedures and acceptance criteria shall apply, except as noted (see 6.2.2.1.2).

a) Radiographic examination shall be in accordance with the pressure design code. Spot radiography shall consist
of a minimum of one 150 mm (6 in) spot radiograph for each 7,5 m (25 ft) of weld on each casing. As a minimum
one spot radiograph is required for each welding procedure and welder used for pressure containing welds.

b) Ultrasonic examination shall be in accordance with the pressure design code.

c) Magnetic particle examination shall be in accordance with the pressure design code. Linear indications shall
be considered relevant only if the major dimension exceeds 1,5 mm (1/16 in). Individual indications that are
separated by less than 1,5 mm (1/16 in) shall be considered continuous.

d) Liquid pgnetrant examination shall be in accordance with the pressure design code.

4.11.4.3 Cast steel casing parts shall be examined by magnetic particle methods. If magnetic:patticle [inspection
as described in ASTM E 709 is required, acceptability of defects shall be based on afeomparisop with the
photographs|in ASTM E 125. For each type of defect, the degree of severity shall not exceed‘the limits gpecified in
Table 2. Defgcts that exceed the limits imposed in Table 2 shall be cleaned out to meet the quality standards cited
above, as determined by additional magnetic particle inspection before repair welding(

Table 2 — Maximum severity of defects in casings

Type Defect Degree
| Linear discontinuities 0 (None acceptable)
I Shrinkage 2
11 Inclusions 2
v Chills and chaplets 1
\Y Porosity 1
Vi Welds 1
4.11.5 Impellers
4.11.51 Al accessible areas of welds on welded impellers shall be inspected by magnetic particle or liquid

penetrant exgmination.

4.11.5.2 Cast impellers shallb@ inspected by radiographic or ultrasonic means prior to finish machinipg. Details
of inspection|techniques and-acceptance criteria shall be mutually agreed upon by the vendor and the pufchaser.

4.11.5.3 Brazed impellers shall be inspected by ultrasonic means. Details of inspection technjques and
acceptance ¢riteria shallybe mutually agreed by the vendor and the purchaser.

4.11.5.4 A\fter the overspeed test described in 6.3.3, each impeller shall be examined all over by| means of
magnetic pallticle or liquid penetrant methods.

4.12 Nameplates and rotation arrows

4.12.1 A nameplate shall be securely attached at a readily visible point on the equipment and on any other major
piece of auxiliary equipment.

4.12.2 Rotation arrows shall be cast in, or attached to, each major item of rotating equipment. Nameplates and
rotation arrows (if attached) shall be of austenitic stainless steel or of nickel copper alloy (Monel or its equivalent).
Attachment pins shall be of the same material.

4.12.3 The purchaser's item number, the vendor's name, the machine's serial number and the machine's size and

type as well as its minimum and maximum allowable working pressures and temperatures, hydrostatic test
pressures, and critical speeds, shall appear on the machine's nameplate.
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4.12.4 Any lateral critical speeds determined on the running tests shall be stamped on the nameplate followed by
the word test. Critical speeds that are predicted by calculation up to and including the critical speed above trip
speed and are not identifiable by test shall be stamped on the nameplate and noted as calculated value.

5 Accessories

5.1

5.1.1
specified

Drivers

perating conditions, including external gear or coupling losses or both, and shall be in ac

The type of driver shall be specified by the purchaser. The driver shall be sized to meet the maximum

rdance with

applicable]
under the

specifications, as stated in the inquiry and order. The driver shall be suitable for satisfact
utility and site conditions specified by the purchaser.

Dry operation

5.1.2 Anticipated process variations that may affect the sizing of the driver (such as changes in {he pressure,

temperatu
purchaser

51.3 TH
method sk
shall exce

5.1.4 Steam turbine drivers shall be in accordance with ISO 10437.~Steam turbine drivers shal

continuous
required fq
conditions

5.1.5 Fq

of the greatest power (including gear, fluid coupling or ather losses, as applicable) required for any of

operating
Compress

If variation
higher ma

516 TH
the motor

NOTE

to full speeq is generally less-tfyan 30 s.

Fe or properties of the fluid handled, as well as special plant start-up conditionsj,shall be sp

e starting conditions for the driven equipment shall be specified by-the purchaser and
all be mutually agreed upon by the purchaser and the vendor. The driver's starting torqu
bd the speed torque requirements of the driven equipment.

ly deliver 110 % of the maximum power (including gear,fluid coupling or other losses, a
r the purchaser's specified conditions while operating at'a’corresponding speed with the sp
r motor-driven units, the motor nameplate ratingi(exclusive of the service factor) shall be a

conditions. Consideration should be given.to starting the compressor at the normal suct
ors driven by induction motors shall be rated at the actual motor speed for the rated load cor

s in operating conditions (e.g. as Molar mass) are expected the purchaser should considel
rgin.

e motor's starting torque requirements shall be met at a reduced voltage specified by the p
shall accelerate to full speed within a period of time agreed upon by the purchaser and the vi

For most applications.the starting voltage is typically 80 % of the normal voltage and the time require

bs turbine_drivers shall conform to ISO 3977-5 and shall be sized as mutually agreed
and the-wvendor.

517 G
purchaser
518 S

the purchgser’s approval.

eedhincreasers and reducers shall be in accordance with ISO 13691. Epicyclic gears may

peified by the

the starting
b capabilities

be sized to
S applicable)
bcified steam

least 110 %
the specified
on pressure.
dition.
specifying a
Lirchaser and

endor.

| to accelerate

upon by the

be used with

5.1.9 The trip speed of variable speed drivers shall be as given in Table 3.

Table 3 — Trip speed values

Driver type Trip speed (percentage of maximum continuous speed)
Steam Turbine 110
Gas Turbine 105
Variable speed motor 105

Reciprocating engine

110
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5.2 Couplings and guards

5.21 Unless otherwise specified, the compressor vendor shall furnish all couplings and guards for the entire
compressor train, including gears if they are part of the train. The vendor shall arrange for complete machining of
all couplings halves, shall mount the compressor coupling half and shall arrange for mounting of the drive train half,
couplings.

5.2.2 Couplings shall be in accordance with ISO 10441. The make, type, and mounting arrangement of the
couplings shall be agreed upon by the purchaser and the vendors of the driver and driven equipment. Guards shall
comply with the specified national code.

5.2.3 The uup“lly-tu-ailaﬁ junbtwc statt-be dcoiyllcd and-manufactured-tobe uapabic of-trat |a|||it‘li||3 power at
least equal t¢ the power rating of the coupling.

5.2.4 If unpoupled operation is specified, idling adaptors (solo plates) or coupling mass simulators in accordance
with 1SO 10441, or both, shall be provided as necessary to enable the driver and any gearbex or driye-through
casing to be fun uncoupled.

5.2.5 Plug|and ring gauges supplied shall be in accordance with ISO 10441.

5.3 Mounting plates

5.3.1 Gengdral

5.31.1 ['he equipment shall be furnished with sole plates or a baseplate as specified on the data sheets (see
annex A).

5.31.2 n the following, the term “mounting plate” refers{6*both baseplates and sole plates.

a) Axial, lateral and vertical jackscrews shall be provided for all equipment in the compressor train. Vertical
jackscrews shall be arranged to prevent marring, of*shimming surfaces.

b) Compregsor supports shall be provided with-austenitic stainless steel shim packs, 3 mm to 15 mm (“&in to
2 in) thigk, with jack screws for easy removal or addition of shims. All shims shall straddle hold-down bolts and
jackscrejws.

c) The uppgr and lower surfaces of bearing pedestals and mounting plates shall be machined parallel.

d) If centrdline supports are provided, they shall be designed and manufactured to permit the machine to be
moved Using the horizontaljackscrews.

e) Anchor bolts shall net'be used to fasten machinery to the mounting plates.

f)  Mounting plates-shall not be drilled for equipment to be mounted by others. Mounting plates infended for
installatipn on\concrete shall be supplied with levelling screws. Mounting plates that are to be grguted shall
have 50|mm (2 ") radiused outside corners (in the plan view). See Figures 10 and 11.

g) Anchor bolts shall be furnished by the purchaser.

h) Fasteners for attaching the components to the mounting plates and jackscrews for levelling the pedestal sole
plates shall be supplied by the vendor.

i)  The equipment feet shall be drilled with pilot holes that are accessible for use in final doweling.
j) If epoxy grout is specified on the data sheets, the vendor shall precoat all the grouting surfaces of the
mounting plates with a catalyzed epoxy primer applied to degreased near-white metal. The purchaser shall

specify the primer and the method of application.

k) Mounting surfaces that are not to be grouted shall be coated with a rust-preventive immediately after
machining.
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Dimensions in millimetres

/950

/ﬁF\
D

N /

\+/

Figure 10 — Sole plate arrangement (top view)

Key

1 Shim pack

2 Sole plate

3 Sub-sole plate

4  Typical anchor bolt sleeve

These areas shall be filled with grout, which is then left to set, after which the normal sole plate areas shall be grouted.

Figure 11 — Sole plate arrangement (cross-section)
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5.3.2 Base

5.3.21

plate

A baseplate shall be a single fabricated steel unit unless the purchaser and the vendor mutually agree

that it may be fabricated in multiple sections. Multiple section baseplates shall have machined and doweled mating

surfaces to e

NOTE
to be fabricate

5.3.2.2

nsure accurate field reassembly.

d in multiple sections because of shipping restrictions.

A baseplate with a nominal length of more than 12 m (40 ft) or a nominal width of more than 3,5 m (12 ft) might have

If specified, the baseplate shall be provided with levelling pads or targets protected with removable

covers. The pads or targets shall be accessible for field levelling after installation, with the equipment mounted and

the baseplate_on the foundation

5.3.2.3
supported at

f specified, the baseplate shall be suitable for column mounting (i.e. of sufficient\rigi
specific points) without continuous grouting under structural members. The baseplate desig

mutually agr¢ed upon by the purchaser and the vendor.

5.3.24

[he baseplate shall be provided with lifting lugs for at least a four-point\Jift. Lifting the

complete with all equipment mounted shall not permanently distort or otherwise damage the basepl

machinery m|

5.3.2.5
concrete fou
mounting paq

ounted on it.
['he bottom of the baseplate between structural members shall be,open. If the baseplate is ins

s on the bottom of the baseplate shall be in one plane in ordef to’permit use of a single-level f

dity to be
n shall be

baseplate
ate or the

talled on a

hdation, accessibility shall be provided for grouting under all-ioad-carrying structural menpbers. The

pundation.

5.3.2.6 nless otherwise specified, non-skid decking covering allwalk and work areas shall be provifded on the
top of the bageplate.

5.3.2.7 Dil reservoirs shall be separate from the baseplate’ (see ISO 10438) unless otherwise approjed by the
purchaser.

5.3.2.8 f specified, the baseplate shall be extended as necessary to support the driver, other compressors,
and gear unifs or the control panel or both.

5.3.3 Sole plates and sub sole plates

5.3.3.1 f sole plates are specified, they shall meet the following requirements, in addition to those of{5.3.2.

a) Sole plafes shall be larger than the individual mounting pad area for each mating pad.

b) Working|clearance for Hold-down bolts and levelling screws shall be provided.

c) Sole plates shall beYsteel plates thick enough to transmit the expected loads from the equipment feet to the

foundati

d) Corners

bn but in'ne case shall they be less than 40 mm (1,5 in) thick. See Figures 10 and 11.

shalkbe rounded to a minimum 50 mm (2 in) radius in the plan view (see Figure 10).

5.3.3.2

thick having a mating surface finish that matches the sole plates.

5.4 Controls and instrumentation

5.4.1

5411

General

If specified, sub-sole plates shall be furnished. They shall be steel plates a minimum of 25 mm (1 in)

The purchaser shall outline in the inquiry the control philosophy to be followed. The vendor shall

provide sufficient compressor performance data (in accordance with clause 7) to enable the purchaser to properly
design a control system for start-up operation, for all specified operating conditions and shutdowns, and for surge
prevention. If requested by the purchaser, the vendor shall review the purchaser's overall compressor control
system for compatibility with vendor furnished control equipment.
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Instrumentation and installation shall conform to all detailed specifications in the purchaser's inquiry. If
no detailed specifications are furnished, instrumentation and installation shall be in accordance with ISO 10438.

If applicable, controls and instrumentation shall be in accordance with APl RP 550.

Unless otherwise specified, controls and instrumentation shall be suitable for outdoor installation.

Instrument and electrical wiring shall be installed, protected and shall comply with

the relevant

standards, and shall be designed so that it can be easily removed without damage or located so as not to hamper
removal of bearings, seals or the compressor internals.

5.4.1.6
for operati

541.7
anti-surge

5.4.2 Cdntrol systems

!

5.4.21

combinati
vanes, sp
suction. T

system may be manual, or it may be automatic with a manual override. The purchaser shall specify

the contro

NOTE
stream app

5.4.2.2

NOTE

compressof.

5.4.2.3
specified,

avoid overjcurrent tripping of the motor-Such controls shall include

current indicator.

a) amot
b) a cur
5.4.2.4

or the adjyistable”inlet guide vanes furnished by the vendor as an integral part of the compressor, as

the later ¢

£ 'H £ | H - Y S I e 4 . O 4 inYaYelWH H +P~ I 1 % <l baoll todl:
M OUpClrativurt mulTth a UIiotnvutltu U UTTUUI UyDLCIII \LIU\)} IS oMJTUINITU, T VTTIUUT orf'iall TTuTG

hg the machinery from the DCS.

If specified, a dynamic simulation study shall be carried out to verify the satisfactory beh
protection system and process control system under all operating conditions.

The compressor may be controlled on the basis of inlet pressure, \discharge pressure,
n of these parameters. This may be accomplished by suction or discharge throttling, varialy
ed variation, discharge blowoff (if a constant-speed driver is us€d) or a cooled bypass from
he control system may be mechanical, pneumatic, hydraulic,\electric or any combination ¢
signal, its sensitivity and range, and the equipment to be furnished by the vendor.

A combination of control modes could be required on drives with a limited speed range and on multis
ications.

If specified, an anti-surge system shall be provided.

Anti-surge systems are generally required:\o-prevent operation in unstable regions that might cause

If the driver is an electric motor, and automatic capacity control with automatic overri
the override control shall prevent overloading the motor. The override control shall limit mo
pr current indicator at-the compressor control panel, and

rfent transformer/transducer in the motor switch gear to generate a milliampere signal fg

For a-constant-speed drive, the control signal shall actuate either a purchaser-furnished

ase, ‘the vendor shall also furnish a guide vane positioner compatible with the type of ¢

nd-—chall in a—handavbaal o athar mmnaoonma of Iangl ool

te all signals

aviour of the

low or some
le inlet guide
discharge to
f these. The
he source of

prvice or multi-

pamage to the

de control is
tor current to

r the control

control valve
specified. In
ontrol signal

specified

At arebacar—o Lad P2 i | r thaor maoona ] P=N VY '
Dy e purormasSCT—and—Strial— moriouc—a rarnU— winC T U Ut o arts— U 1ooar rrartadir— OV

erride during

operation. A direct-driven vane position indicator shall be provided that is visible during operation of the machine.

5.4.2.5

For a variable-speed drive, the control signal shall act to adjust the set point of the d

river's speed

control system. Unless otherwise specified, the control range shall be from the maximum continuous speed to 95 %
of the minimum speed required for any specified operating case, or 70 % of the maximum continuous speed,

whichever

5.4.2.6

maximum

©1S0 2002 -

is the lower.

The full range of the purchaser's specified control signal shall correspond to the required operating
range of the driven equipment. Unless otherwise specified, the maximum control signal shall correspond to the

continuous speed or the maximum flow.
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5.4.3 Instrument and control panels

5431 If specified, a panel shall be provided that includes all panel-mounted instruments for the driven
equipment and the driver. Such panels shall be designed and fabricated in accordance with the purchaser's
description. The purchaser shall specify whether the panel is to be free-standing, located on the base of the unit, or
in another location. The instruments on the panel shall be clearly visible to the operator from the driver control
point. A lamp test push button shall be provided. The instruments to be mounted on the panel shall be specified by
the purchaser on the data sheets (see annex A).

5.4.3.2 Panels shall be completely piped and wired, requiring only connection to the purchaser's external
piping and wiring crrcurts If more than one W|r|ng point is requrred ona unrt for control or instrumentation, the wiring

to each switgh-e hequnit (or its
base, if any)| The purchaser shaII specify whether the wiring protectron shaII be by conduit or by armgdurgd cabling.
All leads and posts on terminal strips switches, and instruments shall be tagged for identification.

5.4.4 Instrumentation

5.441 General

54411 nless otherwise specified, all leads on terminal strips, switches and insttuments shall be pgrmanently
tagged for identification. All terminal boards in junction boxes and control pangls shall have at least 20 % spare
terminal poinfs.

5.4.41.2 f specified, air purging shall be used to avoid moisture preblems, even if weatherproof and|watertight
housings arel used. Purge air shall be clean and dry, conforming to ISA’'RP 12.4 type X and Y and NFPA 496.
5.44.2 Thermometers and temperature gauges

54421 Dial-type temperature gauges shall be heavy=duty and corrosion-resistant. They shall be at least
125 mm (5 in) in diameter and bimetallic or liquid-filled.

NOTE Blgck printing on a white background is standard for gauges.

5.44.2.2 ['he sensing elements of thermometers and temperature gauges shall be in the flowing fluid.

5.4.4.3 Thermowells

Thermometefs and temperature(gadges that are in contact with flammable or toxic fluids, or that are|located in
pressurized pr flooded lines,¢shall be furnished with austenitic stainless steel separable-flange typel solid-bar
thermowells,|at least 19 mmi(34™) in diameter.

5444 Thermocouples and resistance temperature detectors

If practicablg, the design and location of thermocouples and resistance temperature detectors, except bearing
temperature | sensors (see 4.7.1.2), shall permit replacement while the unit is operating. The lead wires of
thermocouples and resistance temperature detectors shall be installed as continuous leads between the

thermowell or detector and the terminal box. Conduit or armoured cable runs from thermocouple heads to a pull
box or boxes located on the base plate shall be provided.

5445 Pressure gauges

Pressure gauges (not including built-in instrument air gauges), unless otherwise specified, shall be furnished with
Type 316 stainless steel bourdon tubes and stainless steel movements, 100 mm (4% in) dials [160 mm dials for the
range over 5 500 kPa (800 psi)] and DN 12 (NPS %) pipe-thread, male, alloy steel connections. If specified, oil
filled gauges shall be furnished in locations subject to vibration. Gauge ranges shall preferably be selected so that
the normal operating pressure is at the middle of the gauge's range. In no case, however, shall the maximum
reading on the dial be less than the applicable relief valve setting plus 10 %. Each pressure gauge shall be
provided with a device, such as a disk insert or blowout back, designed to relieve excess case pressure.
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NOTE Black printing on a white background is standard for gauges.
5.4.4.6 Solenoid valves
5.4.4.6.1 Direct solenoid-operated valves shall be used only in clean, dry instrument air service, shall have

Class F insulation or better, and shall have a continuous service rating. If required for other services, the solenoid
shall act as a pilot valve to pneumatic valves, hydraulic valves and the like.

5.4.4.6.2

Solenoid valves shall not be used in continuous services that may affect normal operations, such as
fuel controls. They may be used in intermittent instrument services such as starting cycle controls.

5.4.5 Alarms and shutdowns

5.4.5.1 |General

54511 Each alarm switch and each shutdown switch shall be furnished in a separate housirjg located to
facilitate ipspection and maintenance. Hermetically sealed, single-pole, double-throw switches with a minimum
capacity df 5 A at 120 V AC shall be used. Unless otherwise specified, mercury~switches shall not be used. If
specified, the vendor shall furnish sensors and transmitters for necessary alarms-and shutdown funpctions. Field
instruments shall be of the electronic transmitter type, with analog signals for.interface to the contro| system. For
the compiessor shutdown functions, separate sensors and transmitters, shall be used. For contr¢l and alarm
functions, combined sensors and transmitters may be used.

5.4.5.1.2 | Unless otherwise specified, electric switches that open "(de-energize) to alarm and [trip shall be
furnished by the vendor.

5.4.5.1.3 | The sequence of alarm and shutdown operation shall be the following.

a) Any alarm or shutdown condition shall be initiated by the action of locally mounted confacts, unless

transr
b) Alarm
horn.

Ackng
horn-

After

comm
condi
lights

Shutd
After

e)

hitters are used.

and shutdown indications shall consist of a corresponding panel light illumination and the 3
wledgement of the alarm or.8hutdown condition, or both, shall be accomplished by operatir
bilencing push button suitablylocated on the panel. This shall silence the horn.

he alarmed field condition has been corrected, the corresponding panel alarm light shall ren

on panel mounted reset push button is operated (manual reset). In the interim, any addition
ion or conditionsyshall again sound the horn and illuminate the corresponding additional

own panellights shall contain a first-out feature (i.e. only the first shutdown light shall be
b shutdewn occurs, operation of the reset push button shall be required before the unit can b

ounding of a

g a common

hain lit until a
al field alarm
banel light or

illuminated).
e restarted.

54514

Connections shall he prnvidpd to_actuate a remate alarm whenever any aof the loc

compressor alarms or shutdowns operate.

5.4.5.2

5.4.5.2.1

Alarm and trip devices

ly displayed

Alarm and trip device settings shall not be adjustable from outside the housing. Alarm and trip devices

shall be arranged to permit testing of the control circuit, including, if possible, the actuating element, without
interfering with normal operation of the equipment. The vendor shall provide a clearly visible light on the panel to
indicate when trip circuits are in a test bypass mode. Unless otherwise specified, shutdown systems shall be
provided with switches or another suitable means to permit testing without shutting down the unit.

5.4.5.2.2 Pressure sensing elements shall be of austenitic stainless steel. Low-pressure alarms shall be
equipped with a valved bleed or vent connection to allow controlled depressurizing so that the operator can note
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the alarm set pressure on the associated pressure gauge. High-pressure alarms shall be equipped with valved test
connections so that a portable test pump can be used to raise the pressure.

5.4.5.3

Removal of instruments and controls

All instruments and controls other than shutdown sensing devices shall be installed with sufficient valving to permit
their removal while the system is in operation.

5454

Housings for arcing switches

Attention is called to the requirements of 4.1.15 concerning the characteristics of housings for arcing type switches

outlined in th

applicable codes.

5.4.6 Electrical systems

5.4.6.1
specified by
the circuit is

5.4.6.2
classification
current.

5.4.6.3

he purchaser. A pilot light shall be provided on the incoming side of each supply circuit to in
bnergized. The pilot lights shall be installed on the control panels.

Flectrical equipment located on the unit or on any separate panel ‘shall be suitable fo
specified (see 4.1.15). Electrical starting and supervisory controls\may be either alternatin

Power and control wiring within the confines of the base plate shall be resistant to heat, mg

vibration. M

asurement and remote control panel wiring may be solid-conductor. Where rubber insulatiq

abrasion. S’%)anded conductors shall be used within the confines ofithe base plate and in other areas

a neoprene
shall be suitd

5.4.6.4
tagged for id
terminal poin

r equivalent high-temperature thermoplastic sheath:shall be provided for insulation protect
ble for environmental temperatures.

nless otherwise specified, all leads on teyminal strips, switches and instruments shall be pe
entification. All terminal boards in junction boxes and control panels shall have at least 2
ts.

[he characteristics of electrical power supplies for motors, heaters and instrumentation shall be

dicate that

the area
g or direct

isture and
subject to
n is used,
on. Wiring

rmanently
D % spare

5.4.6.5 [0 facilitate maintenance, liberal ‘clearances shall be provided for all energized parts (such as terminal
blocks and relays) on equipment. The, Clearances required for 600 V service shall also be provided for lower
voltages. Tolguard against accidental eontact, enclosures shall be provided for all energized parts.

5.4.6.6 Electrical materials, [ineluding insulation, shall be corrosion-resistant and nonhygroscopic| as far as
possible. If specified for a tropjeal.focation, materials shall be given the following treatments:

— parts (sych as coils and-windings) shall be protected from fungus attack;

— unpaintdgd surfages’shall be protected from corrosion by plating or another suitable coating.

5.4.6.7 [ e purchaser shall specify whether control, instrumentation and power wiring (including thefmocouple
leads) withinkthetimits—efthebase—plate—shall-be-installed—inrigid-conduit-orarmoured-ecabling—installed in cable

trays and boxes, properly bracketed to minimize vibration, and isolated or shielded to prevent interference between
voltage levels. Conduits and armoured cables may terminate (and in the case of temperature, element heads shall
terminate) with a flexible metallic conduit long enough to permit access to the unit for maintenance without removal
of the conduit. If thermocouple heads are to be exposed to temperatures above 60 °C (140 °F), they shall be
installed with suitable heat protection.

5.4.6.8 Power and control wiring terminations shall be liquid-tight and in accordance with applicable national
regulations, taking into account the area classification.
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5.4.7 Vibration, position and bearing temperature detectors

5471 Unless otherwise specified, vibration and axial position transducers shall be supplied, installed and
calibrated in accordance with API 670.

5.4.7.2 If specified, vibration and axial position monitors shall be supplied and calibrated in accordance with
API 670.

5.4.7.3 If specified, a bearing temperature monitor shall be supplied and calibrated according to API 670.
See 4.7.1.2.

5.4.7.4 H—specifiec—acceteration-based—vibration—transducers—shat—be—stpptied,—instatted—andqcalibrated in

accordange with API 670.
5475 If specified, monitors shall be supplied, installed and calibrated in accordance with AP1 670.
5.5 Pip|ng and appurtenances

5.5.1 General

5.5.1.1 All auxiliary piping provided by the vendor shall be in accordance(with ISO 10438.
5.5.1.2 Auxiliary systems are those piping systems in the following services:

— instrument and control air;

— lubricating oil;

— contrgl oil;

— seal dil;
— cooling water;
— balange gas;
— refergnce gas;
— bufferfgas;

— seal das;

— separption gas;

— draing.
NOTE See 4.4 for casing connections.
5.5.1.3 If a base plate has been specified, the vendor shall furnish all piping systems, including mounted

appurtenances, located within its confines. The piping shall terminate with flanged connections at the edge of the
base plate. The purchaser shall furnish only the interconnecting piping between equipment groupings and off-base
facilities. If sole plates are specified, the extent of the piping system supplied by the vendor shall be agreed
between the vendor and the purchaser.

5.51.4 Instrument lines for gas or oil shall be provided with shutoff valves at the points of measurement.

5.5.1.5 If specified, a liquid injection manifold shall be supplied. It shall include a throttle valve, an armoured
flow meter, a check valve, a pressure indicator and a block valve for each injection point.
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5.5.1.6

If gas manifolds for buffer gas, seal gas or separation gas are specified, the required components such

as valves, flow meters, check valves, pressure indicators, controllers and control valves shall be furnished by the

vendor.

5.5.1.7

system flushing operations shall be provided.

5.5.2

5.5.2.1

Instrument piping

Provision for bypassing the bearings (and seals, if applicable) of compressor and drivers during oil

Unless otherwise specified, the vendor's standard instrument tubing and fittings shall be supplied.

5.5.2.2

onnections on equipment and piping Tor pressure instruments and test points shall be In. d

with ISO 10438. Beyond the initial 19 mm (% in) isolating valve, DN 12 (NPS %) piping, valves and fittin

used. If con

pressure. Sgparate secondary 12 mm (%zin) isolating valves are required for each instrument on

nient, a common connection may be used for remotely mounted instruments that measure

4

q

connection. |f a pressure gauge is to be used for testing pressure alarm or shutdownsyswitches
connections fre required for the pressure gauge and switches.

5.5.3 Proc
5.5.3.1
5.5.3.2

knockout dry
equipment a

ss piping

f specified, the vendor shall review all piping, appurtenances*(intercoolers, after-coolers, s
ms, air intake filters and expansion joints), and vessels immediately upstream and downstr:
nd supports. The purchaser and the vendor shall mutually.agree on the scope of review.

5.6 Specipl tools

561 |Ifs
included in t
requirementg
vendor. The
equipment.

5.6.2 Ifsp
for (tag/item

6 Inspec

6.1 Gene

6.1.1 After
to all vendor

cial tools and fixtures are required to disassemble, assemble or maintain the unit, the
e quotation and furnished as part of the_initial supply of the machine. For multi-unit install
for quantities of special tools and fixtures shall be mutually agreed upon by the purchas
e or similar special tools shall be.used during shop assembly and post-test disassem

pcial tools are provided, they.shall be packaged in separate, rugged boxes and marked “Sg
". Each tool shall be stamped‘or tagged to indicate its intended use.

tion, testing and preparation for shipment

al

advance notification of the vendor by the purchaser, the purchaser's representative shall
and'subvendor plants where manufacturing, testing or inspection of the equipment is in prog

[ he extent of process piping to be supplied by the vendor shall be specified by the purchasey.

ccordance
Js may be
the same
common
common

eparators,
bam of the

y shall be
ations, the
br and the
bly of the

ecial tools

have entry
ress.

6.1.2 The vendor shall notify subvendors of the purchaser's inspection and testing requirements.

6.1.3 The vendor shall provide sufficient advance notice to the purchaser before conducting any inspection or
test that the purchaser has specified be witnessed or observed (see 6.1.4.2 and 6.1.4.3).

6.1.4 The purchaser shall specify the extent of purchaser participation in the inspection and testing.

a)

b)

The purchaser and the vendor shall meet to coordinate manufacturing hold points and inspector's visits.

“Witnessed” means that a hold shall be applied to the production schedule and that the inspection or test shall

be carried out with the purchaser or purchaser's representative in attendance. For mechanical running or
performance tests, this requires written notification of a successful preliminary test.
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c) “Observed” means that the purchaser shall be notified of the timing of the inspection or test. However the
inspection or test shall be performed as scheduled and if the purchaser or purchaser's representative is not
present, the vendor shall proceed to the next step. (The purchaser should expect to be in the factory longer
than for a witnessed test).

6.1.5 Equipment for the specified inspection and tests shall be provided by the vendor.
6.1.6 If specified, the purchaser's representative, the vendor's representative or both shall indicate compliance in

accordance with the inspector's checklist (see annex H) by initialing, dating and submitting the completed form
before shipment.

6.2 InsIectlon

6.2.1 Ggdneral

6.2.1.1 The vendor shall keep the following data available for at least five years, for examirjation by the
purchaser|or his representative upon request:

a) necedsary certification of materials, such as mill test reports;
b) purchpser specifications for all items on bills of materials;
c) test dpta for verifying that the requirements of the specifications have-been met;

d) fully iIentified records of all heat treatment, whether performéd.in the normal course of manufactyre or as part
of a repair procedure;

e) results of quality control tests and inspections;

f)  running test data (see 6.3.4);

g) final gssembly maintenance and running clgarances.

6.2.1.2 Pressure containing parts shall not be painted until the specified hydrotest is completed.
6.2.1.3 The purchaser shall specify

a) parts that are to be subjected-to surface and subsurface examination, and

b) the type of examination” required, such as magnetic particle, liquid penetrant, radiographic ahd ultrasonic
exam|nation.

6.2.1.4 Duringrassembly of the compressor and before testing, each component (including cast-i passages of
these conmpponents) and all piping and appurtenances shall be cleaned by pickling or by anothef appropriate
method to|remove foreign materials, corrosion products and mill scale.

6.2.1.5 If specified, the purchaser may inspect for cleanliness of the equipment and all piping and
appurtenances furnished by or through the vendor before heads are welded to 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 of the parts, welds or heat-affected zones. The method, extent, documentation and
witnessing of the testing shall be mutually agreed upon by the purchaser and the vendor.
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6.2.2 Material inspection

6.2.2.1 General

6.2.2.1.1 If radiographic, ultrasonic, magnetic particle or liquid penetrant inspection of welds or materials is
specified, the recommended practices in 6.2.2.2 to 6.2.2.5 shall apply unless other procedures are specified or
agreed by the purchaser. Cast iron may be inspected in accordance with 6.2.2.4 and 6.2.2.5. Welds, cast steel and
wrought material may be inspected in accordance with 6.2.2.2. to 6.2.2.5. The material inspection of pressure-
containing parts is covered in 4.11.2 and 4.11.4, and impellers are dealt with in 4.11.5.

The examination techniques concerned are applicable to great varieties of sizes and shapes of materials and
widely varyifg examination requirements. Since the specification for the actual component being|inspected
depends on netallurgy, component configuration and method of manufacture, specific procedures andigcceptance
standards for the application should be covered by written standards, developed by the mapnufactufer for the
specific application.

6.2.2.1.2 \cceptance criteria for 6.2.2.2 to 6.2.2.5 shall be mutually agreed upon between‘the purchader and the
vendor.

6.2.2.2 Radiographic inspection

Radiography|shall be based upon the procedures of ASTM E 94.

6.2.2.3 Ultrasonic inspection

Ultrasonic ingpection shall be based upon the procedures of ASTM A 609 (castings), ASTM A 388 (fargings) or
ASTM A 578|(plate).

6.2.2.4 Magnetic particle inspection

Both wet and dry methods of magnetic particle inspegtion shall be based upon the procedures of ASTM H 709.

6.2.2.5 Lipuid penetrant inspection

Liquid penetiant inspection shall be basédjupon the procedures of ASTM E 165.
6.3 Testing

6.3.1 Gendral

6.3.1.1 Fquipment shall be tested in accordance with 6.3.2, 6.3.3, 6.3.4, and 6.3.5. Other tests that may be
specified by the purehaser are described in 6.3.6.

NOTE See’annex | for typical gas seal testing considerations.

6.3.1.2 At least six weeks before the first scheduled tests, the vendor shall submit to the purchaser, for review
and comment, detailed procedures for all the running tests, including acceptance criteria for all monitored
parameters.

6.3.1.3 The vendor shall notify the purchaser not less than five working days before the date the equipment

will be ready for testing. If the testing is rescheduled, the vendor shall notify the purchaser not less than five
working days before the new test date.

6.3.2 Hydrostatic test

6.3.2.1 Pressure-containing parts (including auxiliaries) shall be tested hydrostatically with liquid at a minimum
of 1,5 times the maximum allowable working gauge pressure but not less than 140 kPa (20 psi) pressure.
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6.3.2.2 Tests shall be maintained for a period of time sufficient to permit complete examination of parts under
pressure. The hydrostatic test shall be considered satisfactory if neither leaks nor seepage through the casing or
casing joint is observed for a minimum period of 30 min. Large, heavy castings may require that a longer testing
period be agreed upon by the purchaser and the vendor. Seepage past internal closures required for testing of

segmented cases and operation of a test pump to maintain pressure are acceptable.

6.3.2.3

The chloride content of liquids used to test austenitic stainless steel materials shall

not exceed

50 pg/g. To prevent deposition of chlorides as a result of evaporative drying, all residual liquid shall be removed
from tested parts at the conclusion of the test.

6.3.2.4
of that m

ataria

If the part tested is to operate at a temperature at which the strength of a material is below the strength

| ot v~ $ hyuderactatin Aot A haoll ha d K o £ tor

dividing th
stress val
minimum

pressures

6.3.3 Im

Each imps
minimum
outside di

speeds sh
of the bore

6.3.4 Me

6.3.4.1

6.3.4.1.1

The contract inner seal shall be subjected to desjgn- differential pressure during the test (not valid fo

vacuum ¢
on an oil-4
than desig

6.3.4.1.2

recommer
may be 3
temperatu
supply line

6.3.4.1.3
of the filte

6.3.4.1.4

AL oo
Ty o ractor

e allowable working stress for the material at room temperature by that at operating temy
les used shall comply with the pressure design code. The pressure thus obtained_ shall
bressure at which the hydrostatic test shall be performed. The data sheets shall list actual hy

oam-—tamnaratiien  th aQQlira o midtinha
e TTaT ot TOOTTT e PeTratarC T TTyurostatiCtC ot Prooour T oStat DT TTToTtoiTe

peller overspeed test

ller shall be subjected to an overspeed test at not less than 115 % of maximum continuou
Hjuration of 1 min. Impeller dimensions identified by the manufacturer. as critical (e.g. bore,
hmeter) shall be measured before and after each overspeed test. All such measurements
all be recorded and submitted for the purchaser's review following the test. Any permanen
or other critical dimension outside drawing tolerances mightdbe cause for rejection.

chanical running test

Prior to testing
The contract shaft seals and bearings_shall be used in the machine for the mechanical

bnditions, see 6.3.4.2.4). If permitted by the purchaser, the atmospheric breakdown bushing
uffered seal may be replaced withastest bushing. (Low-pressure mechanical testing may re
n clearance or fewer elements, or both, for proper heat removal).

All oil pressures, viscosities and temperatures shall be within the range of oper
ded in the vendor's operating instructions for the specific unit being tested. Oil viscosity of
djusted by temperature’ if different oil viscosity indexes are used. If it is proposed tha
res be different from service temperatures, acceptance levels shall be agreed. Oil flow rate
shall be determined.

Test standoil filtration shall be 10 ym (0,4 mil) nominal or better. Oil system components|
s shall meet the cleanliness requirements of ISO 10438 before any test is started.

AlNoints and connections shall be checked for tightness, and any leaks shall be corrected

obtained by
erature. The
then be the
drostatic test

5 speed for a
cye seal and
and the test
deformation

running test.
r tests under
or bushings
quire greater

ating values
test stand oil
the test oil
5 for each oil

downstream

6.3.4.1.5
shall be m

6.3.4.1.6

6.3.4.1.7

6.3.4.1.8

©1S0 2002 -

All warning, protective and control devices used during the test shall be checked, and
ade as required.

adjustments

Facilities shall be installed to prevent the entrance of oil into the compressor during the mechanical
running test. These facilities shall be in operation throughout the test.

Testing with the contract coupling is preferred. If this is not practical, the mechanical running test shall
be performed with coupling hub idling adapters in place, resulting in moments equal (+ 10 %) to the moment of the
contract coupling hub plus one half that of the coupling spacer. If all testing is completed, the idling adapters shall
be furnished to the purchaser as part of the special tools (see 5.6).

All purchased vibration probes, transducers, oscillator demodulators and accelerometers shall be in
use during the test. If vibration probes are not furnished by the compressor vendor, or if the purchased probes are
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not compatible with shop readout facilities, then shop probes and readouts that meet the accuracy requirements of
API 670 shall be used.

6.3.4.1.9 Shop test facilities shall include instrumentation with the capability of continuously monitoring and
plotting revolutions per minute, peak-to-peak displacement and phase angle (x-y-y). Presentation of vibration
displacement and phase marker shall also be by oscilloscope.

6.3.4.1.10 The vibration characteristics determined by the use of the instrumentation specified in 6.3.4.1.8 and
6.3.4.1.9 shall serve as the basis for the acceptance or rejection of the machine (see 4.9.5.6).

6.3.4.2 Test procedure
CAUTION — Care should be exercised when operating equipment at or near critical speeds.
6.3.4.2.1 Dperate the equipment at speed increments of approximately 10 %, from zero 16 the|maximum

continuous gpeed, and run at the maximum continuous speed until bearings, “lube” oil tehiperatures|and shaft

vibrations hale stabilized.

6.3.4.2.2 e unit test

with turbine ¢

ncrease to trip speed, and run the equipment for a minimum period of-15/min. For comple
rivers, increase the speed to within 2 % of trip speed if this requiremeni-has been met.

6.3.4.2.3 Reduce the speed to the maximum continuous speed and run thé.equipment for 4 h.

6.3.4.2.4 Measure the inner seal oil leakage rate at each seal. Where,"because of design consideratipns or test

stand conditi
speed test o
6.3.4.1.1). A

pns, contract seal performance cannot be duplicated during the four-hour test, an addition
- some other acceptable means of demonstrating contract seal performance shall be subst
hy such alternate procedures shall be describedyin~the vendor's proposed test plan an

bl reduced
tuted (see
i must be

approved in advance by the purchaser.

6.3.4.2.5
permitted in
specified, do

the range
option, if

f specified, “lube” oil and seal oil inlet pressures and temperatures shall be varied through
the compressor operating manual. This>-shall be done during the four-hour test. This
bs not constitute a waiver of the other specified test requirements.

6.3.4.3 Requirements — During mechanical running testing

of the test
.9.5.6 and

6.3.4.3.1 uring the test, the mechanical operation of all equipment being tested and the operation
instrumentation shall be satisfactory. The measured unfiltered vibration shall not exceed the limits of 4
shall be recofded throughout the operating speed range.

may have
bther than
maximum
hchronous
Il mutually

6.3.4.3.2 hile the equipment is operating at maximum continuous speed and at other speeds that
been specified in the testragenda, sweeps shall be made for vibration amplitudes at frequencies
synchronous} As a minithum, these sweeps shall cover a frequency range from 5 % to 8 times the
continuous gpeed butsnot more than 90 000 r/min (1 500 Hz). If the amplitude of any discrete, nonsy
vibration excpeds 20:% of the allowable vibration as defined in 4.9.5.6, the purchaser and the vendor shz
agree on requiréments for any additional testing and on the equipment's suitability for shipment.

6.3.4.3.3  Plots showing synchronous vibration amplitude and phase angle versus speed for acceleration and
deceleration shall be made before and after the four-hour run. Plots shall be made of both the filtered (one per
revolution) and unfiltered vibration levels. If specified, these data shall also be furnished in polar form. The speed
range covered by these plots shall be zero to the specified driver trip speed.

6.3.4.3.4 The mechanical running test shall verify that lateral critical speeds conform to the requirements of 4.9.2
and 4.9.3.

6.3.4.3.5 Shop verification of the unbalanced response analysis shall be performed in accordance with 4.9.3.
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If specified, tape recordings shall be made of all real-time vibration data as mutually agreed upon by
the purchaser and the vendor.

If specified, the tape recordings of real-time vibration data shall be given to the purchaser.

Requirements — After mechanical running testing

Unless otherwise specified, all bearings shall be removed, inspected and reassembled after the test is
completed. If specified, shaft end seals shall be removed for inspection following a successful running test.

Unless otherwise specified, if replacement or modification of bearings or seals, or dismantling of the

case to replace or modify other paris is required to correct mechanical or performance deficiencies,

shall not
mechanic
requireme

6.3.4.4.3
minor cos
measurab

6.3.4.4.4
rotor shal
Standard.

6.3.4.4.5
data recor|

{e accepted and the final shop tests shall be run after these replacements or corrections
I

retest is not required if the compressor case must be dismantled simply to..com
hts of 6.3.5.

Unless otherwise specified, if minor scuffs and scratches occur on bearings er shaft end g
metic repairs of these parts is not a cause for rerunning the test. Shaft end’'seal contacts th
e change in dimension or metal transfer may be cause for rejection.

Unless otherwise specified, if spare rotors are ordered to permit-Concurrent manufacturg

also be given a mechanical running test in accordance with the requirements of this

Immediately upon completion of each witnessed mechanical or performance test, copi
Hed during the test shall be given to the witnesses.

6.3.5 Assembled compressor gas leakage test

6.3.5.1
intended fi
and subje

NOTE
gas-tight du

6.3.5.2
design pre
minimum

NOTE
gas such a

6.3.5.3
and hold §

After the mechanical running test is completed, each completely assembled compr
br toxic, hazardous, flammable or hydrogen-rich service shall be tested as specified in 6.3.
't to a soap-bubble test or other approved for gas leaks.

This test is intended to verify the integrity of the casing joint. It is recognized that certain shaft seals d
ring this test, and therefore a smallNeakage from seals could be acceptable.

Pressurize the casing (including end seals) to the maximum sealing pressure or the m
ssure, with an inert gas as agreed upon by the purchaser and the vendor. Hold at that p
beriod of 30 min.

Nitrogen is normally specified as the inert gas used, however in the case of low mole weight applica
helium could.be specified.

If specified, pressurize the casing (with or without end seals installed) to the rated discha
t this ‘pressure for a minimum period of 30 min. The test shall be considered satisfactory if

he initial test
are made. A
ply with the

eal surfaces,
at result in a

, each spare
International

bs of the log

PSsor casing
b.2 10 6.3.5.4

esigns are not

aximum seal
ressure for a

tions, a lighter

rge pressure
no casing or

casing joir

tleaks are observed.

6.3.5.4

6.3.5.5

The procedures of 6.3.5.2 and 6.3.5.3. may necessitate two separate tests.

Immediately upon completion of each witnessed mechanical or performance test, copies of the log
data recorded during the test shall be given to the witnesses.

6.3.6 Optional tests

6.3.6.1

Shop tests — General

The purchaser shall specify in the inquiry or in the order whether any of the following shop tests shall be performed.

Test detail

©1S0 2002 -

s shall be mutually agreed upon by the purchaser and the vendor.
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6.3.6.2

6.3.6.2.1

Performance test

The compressor shall be performance-tested in accordance with 1SO 5389 or ASME PTC 10 as

mutually agreed between purchaser and vendor before ordering. A minimum of five points, including surge and
overload, shall be taken at normal speed. For variable-speed machines, additional points may be specified.

Agreement s

6.3.6.2.2

hould also be reached on the method of testing for multiple section compressors.

Head (specific compression work) and capacity shall have zero negative tolerance at the normal

operating point (or other points as specified) and the power at this point shall not exceed 104 % of the specified

value. Surge

shall comply with the provisions of 4.1.4. This 104 % includes all tolerances.

6.3.6.2.3
achieve the
criteria speci

6.3.6.2.4

range of 100
inlet flow vol
tolerance on

For variable speed compressors, a speed other than the normal speed may be used jfine
specified performance and performance tolerances, provided that this adjusted speed
fied in 4.9.

For constant speed compressors, the capacity shall be as in 6.3.6.2.2. Thehead shall be
% to 105 % of the head at normal operating point. The power, based on measured head
ume, shall not exceed 107 % of the value at the specified normal operating point, includir
power. If the power required at this point exceeds 107 %, excess head"may be removed b

impellers or ¢ther means at the purchaser's option.

6.3.6.2.5

6.3.6.2.6
individual se

6.3.6.3

Components
together dur

[ he performance test shall be conducted using only one rotor,dnless otherwise specified.

q

4

Multicase compressor trains and compressors with intermediate process pressures
ctional head (pressure) tolerances as mutually agreed upon.

Complete unit test

such as compressors, gears, drivers and auxiliaries, which make up a complete unit, shal
ng the mechanical running test (see 6.8:4). A separate, auxiliary test may be performe

purchaser's approval. If specified, torsional vibration:measurements shall be made to verify the vendor'

The complet
specified by

e unit test shall be performed in place of, or in addition to, separate tests of individual cq
he purchaser.

6364 T

ndem test

Casings arrgnged for tandem drive shall be tested as a unit during the mechanical running test (see 6.

the shop dri

6.3.6.5

r and oil systems.

Gear test

The gear sh3ll be tested with the machine unit during the mechanical running test (see 6.3.4).

6.3.6.6

Helitin test

cessary to
meets the

within the
at normal
g the 4 %
y trimming

hall have

be tested
d with the
5 analysis.
mponents

B.4), using

The compressor casing shall be tested for gas leakage with helium at the maximum allowable working pressure.
The test shall be conducted with the casing submerged in water. The maximum allowable working pressure shall
be maintained for a minimum of 30 min, with no bubbles permitted. As an alternative, a non-submerged soap
bubble test may be performed if approved by the purchaser.

6.3.6.7

Sound level test

The sound level test shall be performed in accordance with ISO 3744 or ISO 9614.
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6.3.6.8 Auxiliary equipment test

Auxiliary equipment such as oil systems, gears and control systems shall be tested in the vendor's shop. Details of
the auxiliary equipment tests shall be developed jointly by the purchaser and the vendor.

6.3.6.9 Post-test inspection of casing internal

The compressor shall be dismantled, inspected, and reassembled after satisfactory completion of the mechanical
running test. The purchaser shall specify whether the gas test required by 6.3.5 shall be performed before or after
the post-test inspection.

NOTE The merits of post-test Inspection of the casing internal need 1o be evaluated against the benefits of phipping a unit
with provenl mechanical assembly and casing joint integrity.

6.3.6.10 [Full-pressure/full-load/full-speed test

The detail$ of the full-pressure/full-load/full-speed test shall be developed jointly by the purchaser and|vendor. This
test may be substituted for the mechanical running test (see 6.3.4).

6.3.6.11 [Post test inspection of the hydraulic coupling fit

After the running tests, the shrink fit of hydraulically mounted couplings shall be inspected by comparjng hub/shaft
match marks and ascertaining that the coupling hub has not moved on¢the’shaft during the test.

6.3.6.12 [Spare parts test

Spare parls, such as rotors, gears, diaphragms, bearings and'seals, shall be tested as specified by thg purchaser.

6.4 Preparation for shipment

6.4.1 Equipment shall be suitably prepared forithe type of shipment specified, including blocking ¢f the rotor if
necessaryl The preparation shall be mutually-'agreed upon and, unless otherwise specified, shall make the
equipment suitable for six months of outdoor storage from the time of shipment, with no disassembly required
before opg¢ration, except for inspection_of.bearings and seals. If storage for a longer period is contgmplated, the
purchaser|shall consult with the vendorregarding the recommended procedures to be followed.

6.4.2 The vendor shall provide)the purchaser with the instructions necessary to preserve the injegrity of the
storage preparation after the equipment arrives at the job site and before start-up.

6.4.3 The equipment.shall be prepared for shipment after all testing and inspection has been comp|eted and the
equipmen{ approved by.the purchaser. The preparation shall include that specified as follows.

a) Exterior surfaces, except for machined surfaces, shall be given at least one coat of the manufacturer's
standardAinish paint. The paint shall not contain lead or chromates.

b) Exterior machined surfaces shall be coated with a suitable rust preventive.

c) The interior of the equipment shall be clean and free from scale, welding spatter and foreign objects. Any
selection and application of preservatives or rust preventives shall be mutually agreed upon by the purchaser
and the vendor.

d) Internal steel areas of bearing housings and carbon steel oil system auxiliary equipment such as reservoirs,
vessels and piping shall be coated with a suitable oil-soluble rust preventive.

e) Flanged openings shall be provided with metal closures consisting of one or two plates with a combined

thickness of at least 5 mm (3/16"), with rubber gaskets and at least four full diameter bolts. For studded
openings, studs should be shipped loose to avoid being damaged. If studs are installed for shipment, all nuts
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f)

g)

i)

k)

1)

6.4.4 Auxi
permanently

6.4.5 Connections on auxiliary piping removed for.shipment shall be match-marked clearly for reassem

7
71 Gene
711 The
71.2 The
information (
a) the purc
b) the job/g
c)
d)
e)
f)

needed for the intended service shall be used to secure closures. The arrangement of the closure is such that
it is evident that the enclosure has been disturbed.

Threaded openings shall be provided with steel caps or solid shank steel plugs. In no case shall non-metallic
(e.g. plastic) plugs or caps be used.

Openings that have been bevelled for welding shall be provided with closures designed to prevent entrance of
foreign materials and damage to the bevel.

Lifting points and lifting lugs shall be clearly identified on the equipment or equipment package. The
recommended lifting arrangement shall be identified on boxed equipment.

The equ
with sec]
which it
and one

If a spate rotor is purchased, the rotor shall be prepared for unheated indoor stordge“for a period

three yg
envelop
sheeting
the crad

If specifi
the veng
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urely affixed, corrosion-resistant metal tags indicating the item and serial number of the equ
is intended. In addition, crated equipment shall be shipped with duplicate packing lists —
on the outside of the shipping container.

ars. The rotor shall be treated with a rust preventative and shall be housed in a vap

, at least 3 mm (%") thick, or a purchaser-approved equivalent, shall be used between the
e at the support areas. The rotor shall not be supported at journals.

ed, the fit-up and assembly of machine mounted piping, intefeoolers and so forth shall be co
or's shop prior to shipment.

shafts and shaft couplings shall be protected againstifust and damage.

iary piping connections furnished on the pufchased equipment shall be impression-st
tagged to agree with the vendor's connectiontable or general arrangement drawing.

al

data shall bedidentified on transmittal (cover) letters and in title blocks or title pages with th
see 7.2.1,7331.1,7.3.5and 7.3.6.1):

haserfuser's corporate name;

pment shall be identified with item and serial numbers. Material shipped separately shall bJa identified

ipment for
pne inside

of at least
pur-barrier

b with a slow-release, vapour-phase inhibitor. The rotor shall be suitably crated for shipment. Lead

rotor and

mpleted in

amped or

bly.

nformation to be furnished by the vendor is specified in 7.2 and 7.3 and further detailed in apnex C.

e following

roject number;

the equipment item number and service name;

the inquiry or purchase order number;

any other identification specified in the inquiry or purchase order;

the vendor's identifying proposal number, serial number, or other reference required to identify return
correspondence completely.

7.1.3 A coordination meeting shall be held, preferably at the vendor's plant, within four to six weeks after the
purchase commitment. Unless otherwise specified, the vendor shall prepare and distribute an agenda prior to this
meeting, which, as a minimum, shall include review of the following items:
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a) the purchase order, scope of supply unit responsibility, and su