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reword

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
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f[governmental, In_liaison with 190, also take part in the Wwork. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

main task of technical committees is to prepare International Standards. DraftxInternationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

10440-1 was prepared by Technical Committee ISO/TC\118, Compressors and pneur
hines and equipment, Subcommittee SC 1, Process compressors.

second edition cancels and replaces the first edition (ISO 10440-1:2000), which has been
sed.

10440 consists of the following parts, under. the general title Petroleum, petrochemical and
stries — Rotary-type positive-displacement compressors:

Part 1: Process compressors

Part 2: Packaged air compressors(oil-free)

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies for'voting. Publication as an

ct of patent

natic tools,

technically

natural gas
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Introduction

This part of ISO 10440 is based on API 619, 4th edition, December 2004, with the intent that the 5th edition of
API1 619 will be identical to this part of ISO 10440.

Users of this part of ISO 10440 should be aware that further or differing requirements may be needed for
individual the
purchaser from acceptlng, alternative equipment or engineering solutions for the individual application® [This
may be pairticularly appropriate where there is innovative or developing technology. Where an alterhative is
offered, the|vendor should identify any variations from this part of ISO 10440 and provide details;

A bullet (e) [at the beginning of a subclause or paragraph indicates that either a decision is_required or funther
information|is to be provided by the purchaser. This information should be indicated con'the datashesf(s),
otherwise it{should be stated in the quotation request or in the order.

In this part pf ISO 10440, where practical, US Customary (USC) units are includedin brackets for information.
Dedicated datasheets for Sl units and for USC units are provided in Annex A.
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Petroleum, petrochemical and natural gas industries —
Rotary-type positive-displacement compressors —

Part 1:
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Scope

part of ISO 10440 specifies requirements for dry and oil-flooded, helical-lobe rotary compr
re 1) used for vacuum or pressure or both in petroleum, petrochemical,-and gas industry s¢
hded for compressors that are in special-purpose applications.

not applicable to general-purpose air compressors, liquid-ring compressors, or vane-type comy

E Standard air compressors are covered in ISO 10440-2.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. Fer undated references, the latest edition of the
iment (including any amendments) applies:

7 (all parts), Pipe threads where pressure-tight joints are made on the threads

261, ISO general purpose metric screw threads — General plan

262, ISO general-purpose’metric screw threads — Selected sizes for screws, bolts and nuts
281, Rolling bearings’— Dynamic load ratings and rating life

724, ISO general-purpose metric screw threads — Basic dimensions

945 1).Cast iron — Designation of microstructure of graphite

PSSors (see
rvices. It is

ressors.

For dated
referenced

965 (all parts), ISO general-purpose metric screw threads — Tolerances

ISO

1217, Displacement compressors — Acceptance tests

ISO 1328-1:1995, Cylindrical gears — ISO system of accuracy — Part 1: Definitions and allowable values of
deviations relevant to corresponding flanks of gear teeth

ISO 1940-1:2003, Mechanical vibration — Balance quality requirements for rotors in a constant (rigid) state —
Part 1: Specification and verification of balance tolerances

1)

Under revision as 1SO 945-1, Designation of microstructure of cast irons — Part 1: Graphite classification by visual
analysis.
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https://standardsiso.com/api/?name=554835d8bed42ba9170d22ff9defc078

ISO 10440-1:2007(E)

ISO 3448:1992 , Industrial liquid lubricants — ISO viscosity classification

ISO 3744, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Engineering method for an essentially free field over a reflecting plane

ISO 5753:1991, Rolling bearings — Radial internal clearance

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

ISO 7005-1

, Pipe flanges — Part 1: Steel flanges for industrial and general service piping systems

ISO 7005-2
ISO 8821, A

ISO 10437,
applicationg

ISO 10438
control-oil s

ISO 10441,
transmissio

ISO 13691,
ISO 13706,
ISO 15649,
ISO 16812,
IEC 60079

ANSI/ABM/
Roller Bear|

ANSI/ABMA
Design

API RP 500
Facilities C

API 520 (al

ANSI/API 5

Metallic flanges — Part 2: Cast iron flanges
lechanical vibration — Balancing — Shaft and fitment key convention

Petroleum, petrochemical and natural gas industries — Steam turbines — (Special-pury
(all parts), Petroleum, petrochemical and natural gas industries — Lubrieation, shaft-sealing
ystems and auxiliaries

Petroleum, petrochemical and natural gas industries — Flexible couplings for mechanical pq
n — Special-purpose applications

Petroleum and natural gas industries — High-speed special-purpose gear units
Petroleum, petrochemical and natural gas industries < Air-cooled heat exchangers
Petroleum and natural gas industries — Piping

Petroleum, petrochemical and natural gasqdndustries — Shell-and-tube heat exchangers
all parts), Electrical apparatus for explosive gas atmospheres

\ Standard 7, Shaft and Housing Fits for Metric Radial Ball and Roller Bearings (Except Tap
ngs) Conforming to Basic Botindary Plan?)

\ Standard 20, Radial Beatings of Ball, Cylindrical Roller and Spherical Roller Types — M
, Recommendéd\Practice for Classification of Locations for Electrical Installations at Petrol
assified as Class 1, Division 1 and Division 23)

parts)=Sizing, Selection and Installation of Pressure-Relieving Devices in Refineries

P6,-Flanged Steel Pressure Relief Valves

ose

and

wer

pred

etric

ANSI/API 6

ANSI/API 6

11, General-Purpose Steam Turbines for Petroleum, Chemical and Gas Industry Services

13, Special Purpose Gear Units for Petroleum, Chemical and Gas Industry Services

ANSI/API 670, Machinery Protection Systems

ANSI/API 671, Special Purpose Couplings for Petroleum, Chemical, and Gas Industry Services

2)
3)

American Bearing Manufacturers Association, 2025 M Street, NW, Suite 800, Washington, DC 20036, USA.
American Petroleum Institute, 1220 L Street NW, Washington, DC 20005-4070, USA.
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API 677, General-Purpose Gear Units for Petroleum, Chemical and Gas Industry Services
API RP 686:1996, Machinery Installation and Installation Design

ASME B1.1, Unified Inch Screw Threads, UN and UNR Thread Form*)

ASME B1.20.1-1983, Pipe Threads, General Purpose (Inch)

ASME B16.1, Cast Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250

ASME B16.5, Pipe Flanges and Flanged Fittings

ASME B16.11, Forged Steel Fittings, Socket-Welding and Threaded

ASME B16.42, Ductile Iron Pipe Flanges and Flanged Fittings, Classes 150 and 300

ASME B16.47, Large Diameter Steel Flanges: NPS 26 Through NPS 60

ASME B17.1, Keys and Keyseats

ASNME Boiler and Pressure Vessel Code: Section V, Nondestructive Examination

ASME Boiler and Pressure Vessel Code: Section IX, Welding and Brazing Qualifications

ASTM A247, Standard Test Method for Evaluating the Microstructure of Graphite in Iron Castings ®

ASTM A278, Standard Specification for Gray Iron Castings. for Pressure-Containing Parts for Tgmperatures
Up fo 650 °F

ASTM A320/A320M-05, Standard Specification foriAlloy-Steel and Stainless Steel Bolting Materials for
Low-Temperature Service

ASTM A395/A395M-99, Standard Specification for Ferritic Ductile Iron Pressure-Retaining Castings for Use at
Elevyated Temperatures

ASTM A536, Standard Specification for Ductile Iron Castings
ASTM E94, Standard Guide fof.Radiographic Examination

ASTM E709, Standard Guide for Magnetic Particle Examination
ASTM E1003, Standard Test Method for Hydrostatic Leak Testing
ANS$I/AWS D1.1/D1.1M, Structural Welding Code — Steel®)

IEEE 841, NNEEE Standard for the Petroleum and Chemical Industry — Severe Duty Totally Enclosed
FanlCobléd (TEFC) Squirrel Cage Induction Motors — Up to and Including 500 HP (370 kW) 7)

NACE MRO0103, Materials Resistant to Sulfide Stress Cracking in Corrosive Petroleum Refining
Environments 8)

N

(2]
NN N N

American Society of Mechanical Engineers, Three Park Avenue, New York, NY 10016-5990, USA.

American Society for Testing and Materials, 100 Bar Harbor Drive, West Conshohocken, PA 19428-2959, USA.
American Welding Society, 550 North LeJeune Road, Miami, FL 33136, USA.

Institute of Electrical & Electronic Engineers, 445 Hoes Lane, Piscataway, NJ 08855-1331, USA.

NACE international, the corrosion society, 1440 South Creek Drive, Houston, Texas 77084-4906, USA.

)]

© N
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NEMA 250, Enclosures for Electrical Equipment (1 000 Volts Maximum) °)
NEMA SM 23, Steam Turbines for Mechanical Drive Service

NFPA (Fire) 30, Flammable and Combustible Liquids Code 10)

NFPA (Fire) 70-05, 2005 National Electrical Code

TEMA Standard Class C ')

TEMA Standard-Class-R

3 Terms and definitions

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

NOTE $ee Annex B for a guide to rotary-type positive-displacement compressor nomenclature.
3.1
alarm poin

preset valup of a measured parameter at which an alarm is actuated to<warn of a condition that requires
corrective action

3.2
anchor bolts
bolts used o attach the mounting plate to the support structure:(concrete foundation or steel structure)

NOTE Refer to 3.14 for definition of hold-down bolts.

3.3
axially splif
split with the principal joint parallel to the shaft centreline

3.4
baseplate
structure prpviding support and mounting surfaces for one or more pieces of equipment

3.5
certified pgint
point at which the vendor.¢ertifies that the performance is within the tolerances stated in the standard, usdially
the normal pperating peint

3.6
critical speed
shaft rotatiqnal speed at which the rotor-bearing support system is in a state of resonance

3.7

depressurization valve

blowdown valve

valve, external to the compressor, used to relieve the gas pressure within the compressor or compressor
package to atmospheric or flare pressure

9) National Electrical Manufacturers Association, 1300 N. 17th Street, Suite 1847, Rosslyn, VA 22209, USA.
10) National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02269-9101, USA.
11) Tubular Exchanger Manufacturers Association, Inc., 25 North Broadway, Tarrytown, NY 10591, USA.

4 © 1SO 2007 — All rights reserved
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3.8

dry screw compressor

helical-lobe rotary compressor that uses no liquid for sealing the rotor clearances and driving the non-coupled
rotor

NOTE 1 The rotor-to-rotor relationship is maintained by timing gears on each rotor and the non-coupled rotor is driven
by the coupled rotor through the timing gears.

NOTE 2  No rotor-to-rotor contact occurs in the dry screw compressor.

3.9
fail-
system that causes the equipment to revert to a permanently safe condition (shutdown and/or degressurized)
in the event of a component failure or failure of the energy supply to the system

helical-lobe rotary compressor with a lubricant (compatible with the process gas) injected into the rotor area

NOTE This lubricant helps seal rotor clearances and establishes an oil film bétween the rotors. One rotor drives the

oil separator
pregsure-containing device, usually a vessel, used to separate entrained oil from the process gas

3.12
gauge board
bragket or plate used to support and display gauges, switches and other instruments

NOTE 1 A gauge board is open and not enclosed
NOTE 2 A gauge board is not a panel. A pangl’is an enclosure. Refer to 3.31 for the definition of a panel.

3.13
general-purpose application
application that is usually spared ‘or is in non-critical service

3.14
holg-down bolts

mounting bolts

bolts holding the equipment to the mounting plate

3.18
hydrodynamic bearings
beafings, that use the principles of hydrodynamic lubrication, where bearing surfaces are orientdd such that
relalive)motion forms an oil wedge or wedges to support the load without shaft-to-bearing contact

3.16

inlet volume flow

flow rate expressed in volume flow units at the conditions of pressure, temperature, compressibility and gas
composition, including moisture content, at the compressor inlet flange

NOTE Inlet volume flow is a specific example of actual volume flow. Actual volume flow is the volume flow at any
particular location such as interstage or compressor discharge. Actual volume flow should not be used interchangeably
with inlet volume flow.

© 1SO 2007 — All rights reserved 5
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3.17

inlet separator
device, usually a filter or vessel, used to separate entrained solid and liquid contaminants from the process
gas inlet steam

3.18

maximum allowable differential pressure
highest differential pressure that can be permitted in the compressor under the most severe operating
conditions of minimum suction pressure and discharge pressure equal to the relief-valve setting

3.19

maximum
highest rot
operation

3.20

maximum allowable temperature

maximum d
which the te

3.21

maximum allowable working pressure

MAWP
maximum d
the term is

3.22
maximum

highest rotational speed of the power-input rotor at which«the machine, as built and tested, is capabl

continuous

3.23

maximum
highest pov
conditions,
intercoolers
NOTE D
3.24

maximum
highest pre
during start

llowable speed
tional speed of the power-input rotor at which the manufacturer's design permits coftiny

ontinuous temperature for which the manufacturer has designed the equipment (or any pa
rm is referred) when handling the specified fluid at the specified maximum. operating pressure

ontinuous pressure for which the manufacturer has designed,the equipment (or any part to w
eferred) when handling the specified fluid at the specified maximum operating temperature

continuous speed

pperation with the specified fluid at any of the:specified operating conditions
bower

er the compressor and any shaft-driven appurtenances require for any of the specified opers
including the effect of any equipment (e.g. pulsation suppression devices, process pif
, after-coolers and separators) furnished by the compressor vendor
eviations from the specifiedconditions, such as relief-valve set pressure, are excluded from maximum pg
sealing pressure

Esure at whichythe seals are required to seal during any specified static or operating condition
up and shutdown

3.25
minimum

T

lowest rotational speed of the power-input rotor at which the manufacturer's design permits continu

lowable speed

ous

hich

ting
ing,

wer.

and

ous

operation

3.26

minimum allowable temperature
lowest temperature for which the manufacturer has designed the equipment or part thereof

3.27

mounting plate
device used to attach equipment to concrete foundations

NOTE

A mounting plate can be a soleplate, a baseplate or a combination of both.

© 1SO 2007 — All rights reserved
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3.28
normal operating point
point at which usual operation is expected and optimum efficiency is desired, usually the certified point

3.29

observed inspection

observed test

inspection or test where the purchaser is notified of the timing of the inspection or test and the inspection or
test is performed as scheduled if the purchaser or his representative is not present

NOTE Refer to 3.58 for the definition of a witnessed test.

3.3(
owner
fina| recipient of the equipment who may delegate another agent as the purchaser of the equipment

3.31
panel
enclosure used to mount, display and protect gauges, switches and other instruments

NOTE A panel is not a gauge board. A panel is enclosed and not open. Referyto 3.12 for the definition of a gauge
boand.

3.3
podket-passing frequency
frequency at which the gas is discharged from the rotor lobes into'the discharge port

NOTE Pocket-passing frequency, expressed in hertz, is> calculated by multiplying the rotor rotafjonal speed,
expriessed in revolutions per minute, by the number of lobes on that rotor and dividing the product by 60.

3.33
pre$sure casing
comnposite of all stationary pressure-containing-parts of the unit, including all nozzles and other attgched parts

3.34
pregsure design code
recggnized pressure vessel standard specified or agreed by the purchaser

3.34
purgchaser
agepcy that issues the .order and specifications to the vendor

NOTE The purchaser can be the owner of the plant in which the equipment is to be installed or the ownelr’s appointed
agent.

3.3

radjally, split

splif with'the principal joint perpendicular to the shaft centreline

3.37

rated speed

100 % speed

highest rotational speed of the power input rotor required to meet any of the specified operating conditions

3.38
relief-valve set pressure
pressure at which a relief valve starts to lift

3.39

remote
located away from the equipment or the console, typically in a control house

© 1SO 2007 — All rights reserved 7
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3.40

required capacity

largest inlet

3.41
rotor

volume required by the specified operating conditions

rotating male or female assembly, including rotor body, shaft and shrunk-on sleeves (if furnished)

NOTE

3.42

See Figure 1.

rotor body
helical profi

3.43
rotor set
set consisti

thrust collars

3.44
seal buffer|
clean gas s

3.45

seal barrie
clean gas §
process pre

3.46
separation
supply of in

housing angl atmosphere

3.47

settle-out pressure

highest pre

NOTE 1

3.48
shutdown
preset valu
required

3.49

e section on or integral with the shaft

hg of both male and female rotors and, for dry screw compressors, including \timing gears

gas
Lipplied to the process (inboard) side of a seal

F gas
upplied to the area between the seals of a dual seal arrangement at a pressure higher than
ssure

seal gas

ert gas or air fed into the region between the seal and the shaft bearing or between the beg

Esure which the compressor experiences when not running and after equilibrium has been reac|

[his can be a function of ambient temperature, relief-valve setting and piping-system volume.

point
b of a measured.parameter at which automatic or manual shutdown of the system or equipme

slide valve
device inte

Jral to the compression chamber for varying the volumetric flow through a rotary screw compres

and

the

ring

hed

nt is

sor

NOTE

3.50
soleplate

See Figure B.2, item 8.

plate grouted to the foundation, with a mounting surface for equipment or for a baseplate

3.51

special-purpose application
application for which the equipment is designed for uninterrupted continuous operation in critical service and

for which th

ere is usually no installed spare equipment

© 1SO 2007 — All rights reserved
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3.52
special tool
tool which is not a commercially available catalogue item

3.53

standby

normally idle or idling piece of equipment that is capable of immediate automatic or manual start-up and
continuous operation

3.54
thermal relief valve
valVe for relieving pressure caused by thermal expansion of liquid within a closed volume

3.5

trip|speed
rotational speed of the power-input rotor at which the independent emergency overspeed system |operates to
shui down a prime mover

NOTE For the purposes of this part of ISO 10440, the trip speed of alternating-current electric motors, except
varigble-frequency drives, is the speed corresponding to the synchronous speed_of the motor at maxjmum supply
frequency.

3.5
unif responsibility
responsibility for coordinating the technical aspects of the equipment and all auxiliary systems included in the
scope of the order, including responsibility for reviewing such factors as the power requiremgnts, speed,
rotation, general arrangement, couplings, dynamics, noise, lubrication, sealing system, material {est reports,
instfumentation, piping, conformance to specifications and-testing of components

3.5
vendor
supplier

NOTE The vendor can be the manufacturer of the equipment or the manufacturer’'s agent and normally i responsible
rvice support.

witmessed inspection
witpessed test

insgection or test whete\the purchaser is notified of the timing of the inspection or test and a hold is placed on
the Jnspection or test'until the purchaser or his representative is in attendance

4 |General

4.1 Pressure design code

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 in this part of ISO 10440.

4.2 Unit responsibility

The vendor who has unit responsibility shall ensure that all subvendors comply with the requirements of this
part of ISO 10440.

© 1SO 2007 — All rights reserved 9
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4.3 Units of measurement

The purchaser shall specify whether data, drawings, hardware (including fasteners) and equipment supplied
for this part of ISO 10440 shall use the Sl or USC units.

NOTE Dedicated datasheets for Sl units and for USC units are provided in Annex A.
4.4 Statutory requirements

The purchaser and the vendor shall mutually determine the measures to be taken to comply with any

] d lati i ] that licable-to-th H 1
governmenta-66668s+8gbaHoRS—oraHRaRc8s-oHeSHHataleapprHeanie1ohRe-8gipieht-

5 Basigdesign

5.1 General

5.1.1 Typical helical-lobe compressor rotors are shown in Figure 1.

Key

1 male rofor

2  female rotor

3 rotor body

4  shaft extension — male rotor
5 shaft extension — female rotor

Figure 1 — Helical-lobe compressor rotors

The equipment (including auxiliaries) covered by this part of ISO 10440 shall be designed and constructed for
a minimum service life of 20 years and at least 3 years of uninterrupted operation.

It is recognized that this is a design criterion.

10 © IS0 2007 — All rights reserved
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The term “design” shall apply solely to parameters or features of the equipment supplied by the manufacturer.
The term “design” should not be used in the purchaser's enquiry or specifications because it can create
confusion in understanding the order.

5.1.2 The vendor shall assume unit responsibility for all equipment and all auxiliary systems included in the
scope of the order.

5.1.3 The purchaser shall specify the equipment’s normal operating point.

5.1.4 The purchaser shall specify all other operating points, including start-up conditions, and shall indicate
the certified operating point.

5.1.p The purchaser shall specify the settle-out pressure. In the event that this pressure is(not [available at
the fime of inquiry, the normal discharge pressure shall be assumed.

NOTE If the actual settle-out pressure is higher than the assumed pressure, the seal system,’drive-train components,
relief valves and piping system can be adversely affected.

5.1.p Equipment driven by induction motors shall be rated at the actual motor speed for thg rated load
conflition.

5.1.f Equipment shall be designed to run, without damage, at the“relief-valve set pressurg, specified
maximum differential pressure and trip speed (see 5.1.12) simultangously.

NOTE There can be insufficient driver power to operate under these conditions.
For|machines operating with variable suction and discharge-pressure levels, maximum allowable :]‘emperature
can|occur before maximum allowable pressure or maximum allowable differential pressure occurs. In such
casgs, the manufacturer and the purchaser should jointly consider and apply suitable safeguarding controls to
avo|d any damage. Controls may include but are nét)limited to discharge temperature or differentia| pressure.

5.1.B Unless otherwise specified, cooling«water systems shall be designed for the conditiopns given in
Tabje 1:

Table T — Conditions for cooling-water systems

Water velocity over heat-exchange surfaces 1,5m/sto 2,5 m/s 5 ft/s to 8 ft/s
Maximum allowable working pressure (MAWP) > 700 kPa (7,0 bar)? > 100 psi®
Test pressure (1,5 times MAWP) > 1 050 kPa (10,5 bar)? > 150 psi
Maximum pressure drop 100 kPa (1 bar) 15 psi
Maximum \inlet temperature 32°C 90 °F
Maximum outlet temperature 50 °C 120 °F
Maximum temperature rise 17 K 30 RP
Minimum temperature rise 0K 20 RP
Fouling factor on water side 0,35 m2 K/kW 0,002 h-ft2-.R/Btu
Shell-corrosion allowance 3,0 mm 0,1251in

@  Gauge pressure.

b Rankinis a deprecated unit.

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 over heat-exchange surfaces is intended to
minimize water-side fouling; the criterion for minimum temperature rise is intended to minimize the use of
cooling water. If such a conflict exists, the purchaser shall approve the final selection.

© IS0 2007 — Al rights reserved 1
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5.1.9 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.

5.1.10 All equipment shall be designed to permit rapid and economical maintenance. Major parts, such as
casing components and bearing housings, shall be designed and manufactured to ensure accurate alignment
on reassembly. This can be accomplished by the use of shouldering, cylindrical dowels or keys.

5.1.11 The equipment’'s maximum continuous speed shall be not less than 105 % of the rated speed for
variable-speed machines and shall be equal to the rated speed for constant-speed motor drives.

5.1.12 The equipment’s trip speed shall not be less than the values in Table 2.

Table 2 — Driver trip speeds

Driver Type Trip Speed
(% of maximum continuous speed)

Steam turbine

— Nema class A? 115

— Nema class B, C and D2 110
Gas turbine 105
Variable-speed motor 110
Constant-speed motor 100
Reciprocating engine 110

@ Indicates governor class as specified in NEMA SM-23.

5.1.13 Spare and replacement parts for the machine-and all furnished auxiliaries shall meet all the criterfa of
this part of |SO 10440.

5.1.14 OQil|reservoirs and housings that enclose moving, lubricated parts, such as bearings, shaft seals,
highly polished parts, instruments and ‘control elements, shall be designed to minimize contamination by
moisture, dyust and other foreign matterduring periods of operation and idleness.

5.1.15 The equipment (machine,.driver and ancillary equipment) shall perform on the test stand and on their
permanent [foundation within-'the specified acceptance criteria. After installation, the performance of|the
combined ynits shall be the\jeint responsibility of the purchaser and the vendor who has unit responsibjility.
The perfornmpance of the machine shall also take into account the following.

conditions.

c) If specified, the compressor vendor shall confirm that the unit is capable of start-up at settle-out or
elevated suction pressure.

d) The purchaser shall specify gas composition(s). The purchaser may also specify relative molecular mass,
ratio of specific heats (Cp/CV) and compressibility factor (Z).

e) Unless otherwise specified, the vendor shall use the specified values of flow, the specified gas
composition and the gas conditions to calculate relative molecular mass, ratio of specific heats (C,/C,)
and compressibility factor (Z). The compressor vendor shall indicate his values on the datasheets with the
proposal and use them to calculate performance data.
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5.1.16

5.1.17
the vendor’s representative shall witness

a)
b) the initial shaft alignment check,

c) shaft alignment at operating temperature.

1:2007(E)

If specified, the vendor shall review and comment on the purchaser’s piping and foundation drawings.

If specified, in order to verify compliance with agreed criteria (e.g. APl RP 686 or vendor's standard),

a check of the piping alignment performed by unfastening the major flanged connections of the equipment,

NOT
align

E Many factors can adversely affect site performance. These factors include such items as
ment at operating conditions, supporting structure, handling during shipment and handling and assembly

5.1.
(cla

app
locq

18 Motors, electrical components and electrical installations shall be suitable for the .area ¢
5s, group and division or zone) specified by the purchaser and shall meet the’ requirem
icable sections of IEC 60079 (all parts) or NFPA 70-05, Articles 500, 501, 502 \and 504, as
| codes specified and furnished on request of the purchaser.

5.1.
purd
the
pro

haser and the vendor having unit responsibility. The equipment furnished by the vendor shal
maximum allowable sound pressure level specified. In order to determine compliance, the
ide both maximum sound pressure and sound power level data fer octave band for the equipn

NOTE The sound power level of a source can be treated as a property of that source under a given se
condlitions. The sound pressure level, however, varies depending.ofthe environment in which the source
well:[as the distance from the source. Vendors routinely take exception to guaranteeing a purchaser’s maxim
sound pressure level requirement due to the argument that the‘vendor has no control over the environment

equipment will be located. The vendor has control, however, over the sound power level of the equipment.

5.1.20 If specified, the vendor shall supply. ‘acoustical treatment. The type of treatment
requirements shall be agreed by the vendor and, the purchaser.

Thesse compressors tend to be very noisy? The compressor can require an acoustical enclosurg
acceptable noise levels. Such factors_as accessibility for operation and maintenance, purge rg
n handling flammable or toxie _gas, noise levels within the enclosure, explosion-proof door:
gh window requirements for:machine monitoring should be considered in the design and cor

1 If equipment forZliquid separation in the discharge gas stream is required, the specificatic
loped jointly by the'purchaser and the vendor.

.2 ,The equipment, including all auxiliaries, shall be suitable for operation under the en

biping loads,
at the site.

assification
ents of the
well as any

19 Control of the sound pressure level (SPL) of all equipment furnished shall be a joint ¢ffort of the

conform to
endor shall
nent.

of operating
s located as
Lm allowable
in which the

and safety

to achieve
quirements
5, and see-
struction of

ns shall be

required for

vironmental
stallation is

conflitions specified by the purchaser. This statement of conditions shall include whether the in
indde iod or 4 ctod) or o e " i L _
unusual humidity and dusty or corrosive conditions.

mperatures,

5.1.23 The equipment, including all auxiliaries, shall be suitable for operation, using the utility stream

conditions specified by the purchaser.

5.1.24 Bolting shall be furnished as follows.

a) The details of threading shall conform either to ISO 261, ISO 262, ISO 724 and I1SO 965 (all
ASME B1.1.
b) Adequate clearance shall be provided at all bolting locations to permit the use of socket or box

© 1SO 2007 — All rights reserved
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the purchaser.

For limited space locations, an integrally flanged fastener can be required.

Internal socket-type, slotted-nut or spanner-type bolting shall not be used unless specifically approved by

The manufacturer's marking shall be located on all fasteners 6 mm (0,25in) and larger (excluding

washers and headless set screws). For studs, the marking shall be on the nut end of the exposed stud

c)
NOTE
d)
end.
NOTE

A set screw is a headless screw with an internal hex opening on one end.

5.1.25 Thd purchaser should indicate the presence of solid or Tiquid particles in the gas sfream and

amount, si

5.2 Pres

521 The
and the ca
designed tg

a) operate
simult3
maxim

b) withsta

5.2.2 The
material sh
specified o
appropriate

5.2.3 Preg
that the dg
pressure v
(pounds pe
inspections

and composition.

ure casing

pressure casing shall be designed in accordance with 5.2.2 or 5.2.3, as selected by the ve
sing-joint bolting shall be in accordance with 5.2.4. In addition, the pressure casing shal

without leakage or internal contact between rotating and stationary~components while suk
neously to the MAWP (and corresponding temperature) and thé worst-case combinatio
m allowable nozzle loads applied to all nozzles; and

nd the hydrostatic test.
allowable tensile stress used in the design of the (pressure casing (excluding bolting) for
bll not exceed 0,25 times the minimum ultimate tensile strength for the material at the maxin

perating temperature. For cast materials, the allowable tensile stress shall be multiplied by
casting factor as shown in Table 3.

Table 3 ~Casting factors

Type of NDE Casting factor
Visual, magnetic particle.and/or liquid penetrant 0,8
Spot-radiography 0,9
Ultrasonic 0,9
Full radiography 1,0

ssure-containing components may be designed with the aid of finite-element analysis, prov
sign limitsycomply with the pressure design code (e.g. Section VIII, division 2, of the A§
pssel code) and with the maximum allowable stress intensity, X.,,, expressed in kilopag
[ square inch), as given in the modified Equation (1). Manufacturing data-report forms, third-p

and stamping as specified in the pressure design code are not required.

heir

ndor
be

ject
h of

any
hum
the

ded
bME
icals
arty

Zmax = 2¢ (P /150)

where

P

C

P

C

is the ASME Code stress intensity, expressed in kilopascals (pounds per square inch);

is the ASME Code hydrotest pressure, expressed in percent of MAWP.

(1)

The manufacturer shall state the source of the material properties, such as ASTM, as well as the casting

factors appl

14

ied in his proposal.
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For casing-joint bolting, the allowable tensile stress, as determined in 5.2.2, shall b

-1:2007(E)

e used to

determine the total bolting area based on hydrostatic load and gasket preload as applicable. The preload
stress shall not exceed 0,75 times the bolting material minimum yield.

NOTE 1

strength is seldom the limiting factor.

NOTE 2

Preloading the bolting is required to prevent unloading the bolted joint due to cyclic operation.

In general, deflection is the determining consideration in the design of casings. Ultimate tensile or yield

5.2.5 The maximum allowable working pressure of the casing shall be at least equal to the specified
relief-valve set pressure. If a relief-valve set pressure is not specified by the purchaser, it shall be specified by

the Vendor. (Se€ 5.1.7.)

5.26 Unless otherwise specified, for dry screw compressors, system pressure protection.shall he furnished
by the purchaser.

5.2.f For flooded screw compressors, the gas system pressure protection shall be>furnished by the vendor
and|sized in accordance with API 520 (including fire case) or other criteria as specified by the purchaser.

5.2.8 Casings shall be made of steel if

a) [the rated discharge gauge pressure is over 2 750 kPa (27,5 bar; 400:psi),

b) [the discharge temperature is over 260 °C (500 °F);

c) [the gas is flammable or toxic.

NOTE In cases where cast-iron casings are acceptable, other considerations such as repair ability of the casing due
to clpse rotor/casing clearances can be a consideration in spécifying a steel casing.

5.2.p Casings designed for more than one maximum allowable working pressure shall not b¢ used. If a
cooling jacket is utilized, this jacket shall have only external connections between the upperl and lower
houpings.

5.210 The main joint of axially split casings shall use a metal-to-metal joint that is tightly maintained by
bolting. The joint shall be sealed with a compound that is compatible with the fluids to be handITd. Gaskets
(including string-type) shall not_be\used. The main joints of radially split casings may incorporate a gasket.
Such gaskets shall be fully confined.

5.2.11 Each axially split casing shall be sufficiently rigid to allow removal and replacement of it$ upper half
withlout disturbing rotor*to<casing running clearances.

5.2.12 Casings@ahd supports shall be designed to have sufficient strength and rigidity to limit anly change in
the [relative position of the shaft ends at the coupling flange caused by the worst combination ¢f allowable
pregsure, torque and piping forces and moments, to 50 ym (0,002 in).

5.2.13." Supports and alignment bolts shall be rigid enough to permit the machine to be moved by the use of
its lateral and axial jackscrews

5.2.14 Jackscrews, guide rods, casing-alignment dowels and/or other appropriate devices shall be provided
to facilitate disassembly and reassembly. Guide rods shall be of sufficient length to prevent damage to the
internals or casing studs by 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.

If jackscrews are used as a means of parting contacting faces, one of the faces shall be relieved
(counterbored or recessed) to prevent a leaking joint or an improper fit caused by marring of the face.
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5.2.15 If specified for dry screw compressor corrosion resistance, overlay cladding or plating shall be applied
to the casing wall. This procedure can require an overbore of the casing during manufacture prior to final
machining.

EXAMPLE For wet CO, service (carbonic acid), a stainless overlay 2,5 mm to 3,2 mm (0,100 in to 0,125 in) thick can
be applied to the cast steel casing wall. The casing would be overbored to allow for a multilayer weld overlay lining
consisting of a barrier pass of AISI Type 308/309 stainless steel followed by a cover pass of 308/316. The casing would be
finish machined after the stainless overlay. The end wall could be lined similarly or have compatible stainless steel end
plates provided.

The vendor shall include details of this procedure in the casing design proposal.

5.2.16 In ellddition to the requirements of 5.1.24, pressure-casing bolting shall be furnished as specified in

5.2.17 and $.2.18.

5.2.17 Stu
casings, un

ds shall be supplied on the main joint of axially split casings and bolted end covers.of radially
ess cap screws are specifically approved by the purchaser.

split

Studs shall|be used instead of cap screws on all other joints, except where hexagonal head cap screws| are

essential fo

NOTE i

5.2.18
tensioning.

5.2.19 The
sections of
allowance fi
the threade

F assembly purposes and have been approved by the purchaser.
looded screw compressors are typically designed to use cap screws.

If specified, the main casing-joint studs and nuts shall be désigned for the use of hydraulic
Procedures and extent of special tools provided by the vendot shall be mutually agreed upon.

use of threaded holes in pressure parts shall be minimized. To prevent leakage in pres
casings, metal equal in thickness to at least half\the nominal bolt diameter, in addition to

H holes shall be at least 1,5 times the stud diameter.

bolt

sure
the

br corrosion, shall be left around and below the battom of drilled and threaded holes. The depth of

5.2.20 Molnting surfaces shall meet the following criteria.

a) They shall be machined to a finish of 6,3 pmy(250 pin) Ra (arithmetic average roughness) or better.

b) To prevent a soft foot, they shall be in ‘the'same horizontal plane within 25 pm (0,001 in).

c) Each mounting surface shall be fnachined within a flatness of 13 ym/330 linear mm (0,000 5 in/linear ft) of
mountihg surface.

d) Different mounting planes-shall be parallel to each other within 50 um (0,002 in).

e) The upper machined.or spot-faced surface shall be parallel to the mounting surface.

Hold-down |bolt holes shall be drilled perpendicular to the mounting surface or surfaces and, to allow for

equipment alignment, be 13 mm (0,5 in) larger in diameter than the hold-down bolt. If spot-faced, its diameter

shall be thrqae times that of the bolt hole.

5.2.21 The equipment feet shall be provided with vertical jackscrews and shall be drilled with pilot holes that
are accessible for use in final doweling.

5.3 Casing connections

5.3.1

All openings or nozzles for piping connections on pressure casings shall be DN 20 (NPS 3/4) or larger

and shall be in accordance with 1SO 6708. Sizes DN 32, DN 65, DN 90, DN 125, DN 175 and DN 225

(NPS 1-1/4,

2-1/5, 3-1/5, 5, 7, and 9) shall not be used.

5.3.2 All connections shall be flanged or machined and studded, except where threaded connections are
permitted by 5.3.6. All connections shall be suitable for the maximum allowable working pressure of the casing.

16
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Main inlet and outlet process connections shall be oriented as specified. Flanged connections may be integral
with the casing or, for casings of weldable material, may be formed by a socket-welded or butt-welded pipe
nipple or transition piece, and shall terminate with a welding-neck or socket-weld flange.

5.3.3 Connections welded to the casing shall meet the material requirements of the casing, including impact
values, rather than the requirements of the connected piping (see 5.11.4.5). All welding of connections shall
be completed before the casing is hydrostatically tested (see 7.3.2).

5.3.4 A casing drain shall be provided.

5.3.5__ Butt-welded connections, size DN 40 (NPS 1-1/2) and smaller, shall be reinforced by using forged
welcliing inserts or gussets.

5.3.6 For connections other than main process connections, if flanged or machined and studded openings
are |[impractical, threaded connections for pipe sizes not exceeding DN 40 (NPS 1-1/5).may be¢ used with
pur¢haser’s approval as follows:

a) [|on non-weldable materials, such as cast iron;
b) [if essential for maintenance (disassembly and assembly);
c) |[if space is limited.

5.3.f Pipe nipples screwed or welded to the casing should net be more than 150 mm (6 in) long and shall
be a minimum of schedule 160 seamless for sizes DN 25 (NRS*1) and smaller and a minimum of $chedule 80
for DN 40 (NPS 1-1/5).

5.3.B The pipe nipple shall be provided with a welding-neck or socket-weld flange.
5.3.p The nipple and flange material shall meetthe requirements of 5.3.3.

5.3.10 Threaded openings and bosses‘:for pipe threads shall conform to ISO 7-1 and [ISO 7-2 or
ASME B1.20.1-1983.

5.3.11 Threaded openings not required to be connected to piping shall be plugged with solid, steel plugs in
accprdance with ASME B16.14.yAs a minimum, these plugs shall meet the material requirements of the
pregsure casing. Plugs that may later require removal shall be of a corrosion-resistant material. Rlastic plugs
are |not permitted. A process-compatible thread lubricant of proper temperature specification shall|be used on
all threaded connections?Thread tape or thread sealant shall not be used.

5.3.12 Flanges shall conform to ISO 7005-1 or ISO 7005-2, or ASME B16.1, ASME B16.5 or ASME B16.42
or ASME B16.4%,-series A or B, as applicable, except as specified in 5.3.13 to 5.3.16.

5.3.13 Cast'iron flanges shall be flat-faced and conform to the dimensional requirements of ISQ 7005-2 or
ASME B16.1 or ASME B16.42. Class 125 flanges shall have a minimum thickness equal to class 250 for sizes
DN pOO)(NPS 8) and smaller.

NOTE For general-purpose equipment, relaxation of the class 250 thickness requirement may be considered. Bolting
dimensions are equivalent for class 125 and class 250 flanges. The added thickness is preferred for most machinery
applications.

5.3.14 Flanges other than cast iron shall conform to the dimensional requirements of ISO 7005-1 or
ASME B16.5 or ASME B16.47.

5.3.15 Flat face flanges with full raised face thickness are acceptable on casings of all materials. Flanges in
all materials that are thicker or have a larger outside diameter than required by ISO or ASME are acceptable.
Non-standard (oversized) flanges shall be completely dimensioned on the arrangement drawing.

5.3.16 Flanges shall be full-faced or spot-faced on the back and shall be designed for through bolting.

© 1SO 2007 — All rights reserved 17


https://standardsiso.com/api/?name=554835d8bed42ba9170d22ff9defc078

ISO 10440-1:2007(E)

5.3.17 Machined and studded connections shall conform to the facing and drilling requirements of
ISO 7005-1 or ISO 7005-2, or ASME B16.1, ASME B16.5, ASME B16.42 or ASME B16.47, series A or B.
Studs and nuts shall be furnished installed, the first 1,5 threads at both ends of each stud shall be removed.

5.3.18 Machined and studded connections and flanges not in accordance with ISO 7005-1 or ISO 7005-2, or
ASME B16.1, ASME B16.5, ASME B16.42 or ASME B16.47 require purchaser's approval. Unless otherwise
specified, the vendor shall supply mating flanges, studs and nuts for these non-standard connections.

5.3.19 To minimize nozzle loading and facilitate installation of piping, machine flanges shall be parallel to the
plane shown on the general arrangement drawing to within 0,5°. Studs or bolt holes shall straddle centrelines

parallel to the main axes of the equipment.

5.3.20 All pf the purchaser’s connections shall be accessible for disassembly without requiring the machine,

or any maijdr part of the machine, to be moved.

5.4 Extefnal forces and moments

5.4.1 As p minimum, the compressor shall be designed to withstand external forces and moments on gach

nozzle as tabulated in Annex C. The vendor shall furnish the allowable forces and moments for each nozz|e in

tabular form.

Silencers can require additional support.

5.4.2 Casing and supports shall be designed to have sufficient strength and rigidity to limit distortiop of

coupling alignment due to pressure, torque and allowable forces and ioments to 50 um (0,002 in).

The use of|expansion joints to limit piping forces and moments'is not generally recommended. Howevgr, if

used, care |should be exercised in the selection and location\of expansion joints to prevent possible garly

fatigue due|to either pulsation or expansion strain or both.-Expansion joints should not be used in flammable

or toxic seryice unless specifically approved by the purchaser.

5.5 Rotating elements

5.5.1 Rotors

5.5.1.1 Rotor stiffness shall be adequate to prevent contact between the rotor bodies and the casing|and

between gdar-timed rotor bodies at the most unfavourable specified conditions. Rotor bodies not integral with

the shaft shall be permanently attached to the shaft to prevent relative motion under any condition. Structural

welds on rgtors shall be full-penetration continuous welds and shall be post-weld heat-treated, using qualjfied

procedures|and welders.

NOTE Only dry scret>eompressors are furnished with gear-timed rotor bodies.

5.5.1.2 Shafts shall be forged steel unless otherwise approved by the purchaser.

5.51.3 IfSpecified or if vibration and/or axial-position probes are furnished, the rotor shaft-sensing afeas

(both radial vibration and axial position) that are observed by radial-vibration probes shall

a) be concentric with the bearing journals;

b) be free from stencil and scribe marks or any other surface discontinuity, such as an oil hole or a keyway,
for a minimum of one probe-tip diameter on each side of the probe;

¢) not be metallized, sleeved or plated;

d) have a final surface finish of a maximum of 0,8 um (32 pin) Ra, preferably obtained by honing or
burnishing;
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e) be properly demagnetized to the levels specified in AP1 670 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:

1) for areas to be observed by radial-vibration probes, 6 um (0,25 mil),
2) for areas to be observed by axial-position probes, 13 ym (0,5 mil).
5514 Each rotor set shall be clearly marked with a unique identification number on each male and

female rotor. 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.

5.5/1.5 Shaft ends shall conform to the requirements of ISO 10441 or API 671.

5.5./1.6 All shaft keyways shall have fillet radii conforming to ASME B17.1.

5.5. Timing gears — Dry screw compressors
5.5.p.1 Timing gears shall be made of forged steel and shall be a~minimum of ISO 1828-1:1995,
acclracy grade 5. Timing gears shall be of the helical type; see Figure B.{-The ISO service factgr shall be a
min{mum of 3,0.

NOTE For the purposes of this provision, AGMA 1328-1 is equivalentto.SO 1328-1.
5.5..2 The meshing relationship between gear-timed rotors shall be adjustable and the adjustment shall
be arranged for positive locking. The adjustment and locking-provisions shall be accessible with the rotors in
theif bearings. The gear enclosing chamber shall not be subject to contact with the gas.

5.5..3 Where timing gears have to be removed*for seal replacement, it shall be possible t¢ retime the
rotofs without further disassembly of radially split casings.

5.5.2.4 Timing gears for helical lobe .compressors shall have the same helix hand (right or|left) as the
rotofs so that axial position has minimal.effect on timing.

5.5..5 Inspection ports or othet means shall be provided on the housing covers, such that tjming gears
may be inspected without disassémbly of the unit.

5.6| Shaft seals

5.61 General
5.6./1.1 Shaft'seals shall be provided to restrict or prevent process gas leakage to the atmosphere.
5.6.1.2 Seal operation shall be suitable for specified variations in suction or discharge conditions that

may prévail during start-up, shutdown or settling out and during any other special operation spegified by the
purghaser.

NOTE Whether the seals are exposed to suction or discharge conditions depends on seal location and on seal
system configuration.

5.6.1.3 The purchaser may specify a sealing pressure provided it meets the requirements of 5.6.1.2 as a
minimum.
5.6.1.4 The shaft seals and seal support system shall be designed to permit safe compressor

pressurization with the seal system in operation prior to process start-up.

5.6.1.5 For low-temperature services, systems shall have provision for maintaining the seal fluid above its
pour-point temperature at the inner-seal drain.
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5.6.1.6 Shaft seals should be accessible for inspection and replacement without removing the top half of
the casing of an axially split compressor or the end housings of a radially split unit.

NOTE It is recognized that casing disassembly can be required for access to seals on some designs.

5.6.1.7 Shaft seals may be one of, or a combination of, the types described in 5.6.3 and 5.6.4 as
specified by the purchaser or other types as mutually agreed. Materials of component parts shall be suitable
for the service.

5.6.1.8 If either the process or seal-support fluid are toxic or flammable, a separation seal is required in
addition to the primary seal to prevent leakage to the atmosphere or to the bearing housing. This separation
seal shall e capable of acting as a temporary, emergency backup seal should the primary seal fail dyring
operation. The second seal in a tandem seal or a separate single or double seal may be used™as|the
separation [seal. Flammable liquids shall be as defined in NFPA 30. See Figures 2 and 3for typical
arrangemeits of separation seals.

5.6.1.9 Dry screw compressors with self-acting dry-gas seals and, unless otherwise: agreed by|the
purchaser, pther shaft seal types, shall have provisions for buffer gas injection to each sealy

5.6.2 Sea| support systems

5.6.2.1 The purchaser should specify whether any of the following seal-support systems is required:
a) seal bafrier gas;

b) seal buffer gas;

C) separafjon seal gas.

In addition, the vendor shall state whether seal fluid is required for any specified operating conditions.
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gas side 1  shaft sleeve
atmosphere side 2 main primary seal
filtered seal gas inlet 3  rotating seat
gas leakage out 4 backup seal or isolating seal
isolation seal (inert buffer-injection gas) 5 stationary seat
6  compressor rotor centreline

Figure 2 — Self-acting gas seal — Tandem arrangement
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A filtered $eal gas inlet 1 rotating seat

B  gas leakage out 2  stationary seat

C barrier/ipolation seal; clean, dry gas supply 3  rotor sleeve

D gas sidé 4  barrier/isolation seal
E atmosphere side

Figure 3 — Self-acting gas seal — Double arrangement

5.6.2.2 If buffer-gas injection is provided, the vendor shall state the gas requirements including pressures,
flow rates, dew points and filtration.

® 56.23 If specified, the vendor shall furnish the complete seal-support system, including schematic and
bill of materials. The method of control, design, materials and scope of supply is mutually agreed by the
purchaser and the vendor.

5.6.2.4 If a barrier or buffer gas is required, the gas shall be filtered and shall be dry and free of any
contaminants that form residues. The seal-gas source may be taken from the compressor discharge or

intermediate point. An alternative seal-gas source may be used and can be required during start-up or
shutdown and for the separation seal.
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5.6.2.5 Support systems for self-acting dry-gas seals shall be in accordance with ISO 10438-1 and
ISO 10438-4.

NOTE For the purposes of this provision, APl 614-99, Chapters 1 and 4, are equivalent to 1SO 10438-1 and
ISO 10438-4, respectively.

5.6.3 Shaft seals for dry screw compressors
5.6.3.1 Labyrinth type

The labyrinth seal (a typical seal is shown in Figure 4) may include restrictive-ring type in addition to the
labyrinths if approved by the purchaser. Labyrinths may be stationary or rotating
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A atmosphere side labyrinth
B gasside shaft sleeve

wind-back oil seal
ports for venting, purging or scavenging as required
compressor rotor centreline
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Figure 4 — Labyrinth shaft seal
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5.6.3.2 Restrictive-ring type

Restrictive-ring-type seals (a typical seal is shown in Figure 5) shall include rings of carbon or other suitable
material mounted in retainers or spacers. The seals may be operated dry or with a sealing liquid.
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Key
A atmosptere side 1 windback labyrinth
B  ventto atmasphere 2  seal cage
C purge 3 spacerring
D gasside 4  spacer washer
5 seal assembly
6  washer spring
7  capscrew
8  spacerring
9

compressor rotor centreline

Figure 5 — Restrictive-ring-type seal (purged)
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5.6.3.3 Mechanical-(contact-)type seal

5.6.3.3.1  Single mechanical-(contact-)type seals (a typical seal is shown in Figure 6) shall be provided with
labyrinths and slingers or restrictive rings to minimize oil leakage to the atmosphere or into the compressor.
Oil or other suitable liquid furnished under pressure to the rotating faces may be supplied from the lube-oil
system or from an independent system in accordance with 5.10.

5.6.3.3.2 Mechanical-type seals shall incorporate a self-closing feature to prevent uncontrolled gas leakage
from the compressor on shutdown and loss of seal oil pressure.
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A seal face 1 bushing retainer 8  stationary seal ring

B  sealoil inlet 2 bushing seal ring 9  compression spring

C seal oil return 3 snapring 10 sleeve

D sealoil return 4  wave washer spring 11 rotating face

E leakage oil drain 5  rotation lock pin 12 runner

F  gasside 6 o-ring 13 compressor rotor centreline
G atmosphere side 7  seal housing

Figure 6 — Oil-cooled mechanical-(contact-)seal assembly

© 1SO 2007 — All rights reserved 25


https://standardsiso.com/api/?name=554835d8bed42ba9170d22ff9defc078

ISO 10440-1:2007(E)

5.6.3.4  Self-acting dry-gas seal
5.6.3.4.1 Seal arrangement shall be single, double or tandem as specified.

5.6.3.4.2 A typical tandem arrangement is shown in Figure 2 and double arrangement with separation seal
in Figure 3.

NOTE 1 Other variations are commonly used, depending on the particular application.
NOTE 2  There is the possibility of the seal being unidirectional in rotation.

NOTE 3  The seal leaks a small amount of seal gas.

5.6.4 Shaft seals for oil-flooded screw compressors

5.6.4.1 Mechanical-(contact-)type seals (a typical seal is shown in Figure 6) shall be provided with
labyrinths, glingers or restrictive rings to minimize oil leakage to the atmosphere. Oil furnished under pressure
to the rotatipg faces may be supplied from the lube-oil system in accordance with 5.10.

5.6.4.2 If specified that gas leakage to atmosphere is not permissible, oil-flooded" screws require gual
seal desigrls with an independent seal-fluid system. For refrigeration services, consideration shall alsg be
given to intfoduction of inert gases into the system.

5.6.4.3 The arrangement of self-acting dry-gas seals shall be single, tahdem or double.
5.7 Dynamics

5.7.1 General

5.71.1 In the design of rotor-bearing systems, consideration shall be given to all potential sources of
periodic forging phenomena (excitation) that shall include; but are not limited to, the following sources:

a) unbalance in the rotor system;

b) oil-film {nstabilities (whirl);

c) internalfrubs;

d) pocket-passing frequencies;

e) gear-topth meshing and side-bands;
f) coupling misalignment;

g) loose rgtor-systemicomponents;

h) hysterefic andfriction whirl;

i) asynchrorous-whirk
j) ball and race frequencies of rolling element bearings;
k) electrical line frequency.

NOTE 1  The frequency of a potential source of excitation can be less than, equal to or greater than the rotational
speed of the rotor.

NOTE 2  When the frequency of a periodic forcing phenomenon (excitation) applied to a rotor-bearing-support system
coincides with a natural frequency of that system, the system is in a state of resonance. A rotor-bearing-support system in
resonance can have the magnitude of its normal vibration amplified. The magnitude of amplification and, in the case of
critical speeds, the rate of change of the phase-angle with respect to speed are related to the amount of damping in the
system.
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5.71.2 If the rotor-amplification factor (see Figure 7) as measured at the shaft radial-vibration probes is
greater than or equal to 2,5, the corresponding frequency is called a critical speed and the corresponding
shaft rotational frequency is also called a critical speed. For the purposes of this part of ISO 10440, a critically
damped system is one in which the amplification factor is less than 2,5.

A A

Ac1

A

< 1 -
Nme N, <) Ny N
Nc1
Key|
1 operating speeds
A vibration amplitude
Acq vibration amplitude at N4
Ay 0,707 of vibration amplitude at N4
Mg separation margin
N rotor speed
Nt rotor first critical speed, centre frequency
Nmc maximum continuous speed, 105'% of rated speed
N4 initial (lesser) speed at 0,707 x.peak amplitude (critical)
Ny final (greater) speed at 0,707 x peak amplitude (critical)
Ny {N; peak width at the half-pewer point
NOTE The amplification factor, 4, is equal to Ny /(N, — Ny).
Figure 7 — Rotor-response plot

5.7./1.3 Resonances of structural-support systems that are within the vendor’s scope of supply and that
affert the fotor vibration amplitude shall not occur within the specified operating speed range or the specified
sepgration margin (see 5.7.1.4). The effective stiffness of the vendor's structural support shall befconsidered
in the analysis of the dynamics of the rotor-bearing-support system.

NOTE Resonances of structural-support systems can adversely affect the rotor vibration amplitude.

5714 Rotors shall be of a stiff-shaft construction with the first actual lateral critical speed at least 120 %
of the maximum allowable speed. Unless otherwise specified, a lateral critical analysis is not required.

NOTE In most cases based on historical data, the vendor is able to demonstrate that the machine has a stiff-shaft
design.
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5.7.2 Torsional analysis

5.7.2.1

For motor-driven units and units including gears, units comprising three or more cou

pled

machines (excluding any gears) or when specified, the vendor having unit responsibility shall ensure that a
torsional vibration analysis of the complete coupled train is carried out and shall be responsible for directing

any modific

5.7.2.2

ations necessary to meet the requirements of 5.7.2.2 through 5.7.2.5.

Excitation of torsional natural frequencies can come from many sources that might or might not
be a function of running speed and should be considered in the analysis. These sources shall include, but are

not limited to, the following:

a) gear characteristics such as unbalance, pitch line runout and cumulative pitch error;

b) cyclic pfocess impulses;

c) torsiongl transients such as start-up of synchronous electric motors and generator phase-to-phasg or
phase-fo-ground faults;

d) torsiongl excitation resulting from electric motors, reciprocating engines and Trotary-type positive-
displagement machines;

e) control Joop resonances from hydraulic, electronic governors and variable ftequency drives;

f) one- and two-times line frequency;

g) running|speed or speeds of all rotating elements;

h) pocket passing frequency;

i) harmonic frequencies from variable frequency drives.

5.7.23 The torsional natural frequencies 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).

5.7.24 Torsional criticals at two or more times running speeds should be avoided or, in systems in which

correspond|ng excitation frequencies.occur, shall be shown to have no adverse affect. In addition to multiples

of running [speeds, torsional excitations that are not a function of operating speeds or that are pon-

synchronous in nature shall be considered in the torsional analysis, if applicable, and shall be shown to have

no adverse|effect. Identification of these frequencies shall be the mutual responsibility of the purchaser|and

the vendor.

NOTE If a variable-speed driver is used, there is the possibility of not being able to avoid torsional criticals at

multiples of 3Il speeds.in the operating range.

5.7.2.5 If tersional resonances are calculated to fall within the margin specified in 5.7.2.3 (and|the

purchaser and_the vendor have agreed that all efforts to remove the critical from within the limiting frequency

range have been exhausted), a stress analysis shall be performed to demonstrate that the resonances have
no adverse effect on the complete train. The assumptions made in this analysis regarding the magnitude of
excitation and the degree of damping shall be clearly stated. The acceptance criteria for this analysis shall be
mutually agreed upon by the purchaser and the vendor.

5.7.2.6 In addition to the torsional analysis required in 5.7.2.2 to 5.7.2.5, the vendor shall perform a
transient torsional vibration analysis for synchronous driven units and/or variable speed motors. The
acceptance criteria for this analysis shall be mutually agreed upon by the purchaser and the vendor.
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5.7.3 Vibration and balance

5.7.31 Maijor parts of the rotating element, such as the shaft and timing gears, shall be individually
dynamically balanced to 1SO 1940-1:2003, grade G2,5 or less. If a bare shaft with a single keyway is
dynamically balanced, the keyway shall be filled with a fully crowned half key, in accordance with ISO 8821.
Keyways 180° apart, but not in the same transverse plane, shall also be filled. The initial balance correction to
the bare shaft shall be recorded. The components to be mounted on the shaft shall also be balanced in
accordance with the “half-key convention” as described in ISO 8821.

NOTE For the purposes of this provision, ANSI S2.19 is equivalent to ISO 1940-1.
5.7..2 The rotors and timing gears shall be match-marked or keyed. This assembly shal] be check-
balgnced (including keys). There shall be no exposed keys or unfilled keyways. The maximumn| unbalance
shall be in accordance with ISO 1940-1:2003, grade G2,5.
NOTE For the purposes of this provision, ANSI S2.19 is equivalent to ISO 1940-1.
5.7.8.3 If specified, balance grade ISO 1940-1:2003, grade G1 shall be(provided, or the maximum
alloyable residual unbalance, U, expressed in gram-millimetres (ounce-inches), for each plape (journal)
shall be calculated as given in Equations (1) and (2):
In Sl units Upnax = 6 350 W/N (1)
In USC units Umax = 4 W/N (2)
where
/4 is the component mass (for components), expressed in kilograms (pounds); or load pgr balancing
machine journal (for rotors), expressed in-kilograms (pounds);
N is the maximum continuous speed, expressed in revolutions per minute.
NOTE 1 For the purposes of this provision, (ANSI S2.19 is equivalent to ISO 1940-1.
NOTE 2  For this equipment, the gas forces and variations in gas forces are orders of magnitude higher than the forces
resylting from unbalance.
5.7.p5.4 The calibration_of-the rotor-balancing machine shall be verified in accordance with the balancing
maghine manufacturer’s procedure and frequency, or once a year as a minimum.
5.78.5 If specified; a residual unbalance check shall be performed in accordance with Annex P.
5.7.5.6 During the shop test of the machine, assembled with the balanced rotor operating gt maximum
conjinuous _speed or at any other speed within the specified operating speed range, the casing vibration

velg
acc

city shall be measured or, if specified for dry screw compressors, the shaft vibrations shall be 1
brdance with API 670. Unless otherwise specified, the limits in Table 4 shall apply to

neasured in
dry screw

conjpressors and the limits in Table 5 shall apply to oil-flooded screw compressors.

5.7.3.7 If shaft vibration probes are supplied, electrical and mechanical runout shall be determined and
recorded by rolling the rotor in the V-blocks at the journal centreline while measuring runout with a non-
contacting vibration probe and a dial indicator at the centreline of the probe location and one probe-tip
diameter to either side.

5.7.3.8 Accurate records of electrical and mechanical runout for the full 360° at each probe location shall
be included in the mechanical test report.

5.7.3.9 If the vendor can demonstrate that electrical or mechanical runout is present, a maximum of 25 %
of the test level calculated from Table 4 or 6,5 ym (0,25 mil), whichever is greater, may be vectorially
subtracted from the vibration signal measured during the factory test.
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Table 4 — Vibration limits for dry screw compressors

Hydrodynamic bearings@?:¢:d Rolling element
bearings?°

Measurement on bearing housing

Vibration at any speed within operating range

— Overall 7, < 5,0 mm/s RMS (0,2 in/s RMS) 7, <8,0 mm/s RMS
(0,3 in/s RMS)

— Increase in allowable vibrations at speeds 50 % 50 %
beyond operating speed but less than trip speed

Measurement on shaft adjacent to bearing

Overall vibrafion at any speed within the operating “4” shall be the lesser value of

speed range
— J(103x107/n) um(f{16 000/} mils|

— or 50 % bearing clearance

Increase in dllowable vibration at speeds beyond 50 %
operating speed but less than trip speed

a ¥, is the unfiltered velocity.

b RMS i§ the root mean square.

¢ A is the unfiltered peak-to-peak amplitude of vibration.

d n is th¢ max. continuous speed in revolutions per minute (r/min).

Table 5 — Vibration limits for oil-flooded screw compressors

Measyrement on bearing housing Hydrodynamic bearings?P Rolling element bearings®

Vibration at pny speed within operating range

— Overall 7, < 8,0 mm/s RMS (0,3 in/s RMS) | ¥, < 8,0 mm/s RMS (0,3 in/s RM1S)
— Increase |in allowable vibrations at speeds 50 % 50 %

beyond gperating speed but less than-trip

speed

NOTE The gulsating oil flow through.the oil-flooded screw compressor causes increased vibration. Oil-flooded screw compressors|with
hydrodynami¢ bearings typically ‘operate with higher compression ratios and/or higher discharge pressures than machines with rdlling
element bearings.

a ¥, is the unfiltered velocity.

b RMS s thewroot mean square.
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5.8 Bearings

5.8.1 General

5.8.1.1 Bearings shall be one of the following arrangements: rolling element radial and thrust,
hydrodynamic radial and rolling element thrust or hydrodynamic radial and thrust. Each shaft shall be
supported by two radial bearings and one double-acting axial (thrust) bearing that might or might not be
combined with one of the radial bearings. Unless otherwise specified, the bearing type and arrangement shall
be selected in accordance with the limitations in Tables 6 and 7.

Table 6 — Bearing selection

Condition Bearing type and arrangement

Radial and thrust bearing speed and life within limits for | Rolling element radial and thrust
rolling element bearings

and

Machine energy density below limit

Radial bearing speed or life outside limits for rolling Hydrodynamic radial‘and rolling element thrust

element bearings or

and Hydrodynamic'radial and thrust

Thrust bearing speed and life within limits for rolling
element bearings

and

Machine energy density below limit

Radial and thrust bearing speed or life outside limits-for | Hydrodynamic radial and thrust
rolling element bearings

or

Machine energy density above limit
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Table 7 — Bearing limits

Limiting Factor Conditions

Rolling element bearing speed |Factor? N-d,, shall not exceed the following values for pressurized oil-lubricated

bearings®:
Bearing type N-dpy
Radial:
single-row ball bearings 500 000
cylindrical-roller bearings
Radial:
tapered roller bearings 350 000
spherical roller bearings
Thrust:
single-row ball bearings 3850 000
Thrust:
double-row angular-contact 300 000
tapered roller bearings 250 000

Rolling elenfent bearing life Basic rating, L4g, in accordance with 1SO 281¢ of at least 50 000 h with contindous
operation at rated conditions, and at least 32 000)h at maximum radial and axial Igads
and rated speed.

NOTE The calculated bearing life is baséd.on lubrication with clean, filtered oil. In oil-flogded
screw compressors, aggressive and/or contaminated process gases can significantly shorter] the
actual bearing life.

Energy dengity When the product of machine-rated power, expressed in kW (hp), and rated sp¢ed,
expressed in rev/min, is 4,0 x40°% kW/min (5,4 x 10 hp/min) or greater, hydrodyngmic
radial and thrust bearings arerequired.

a N is the rotative speed, expressed in revolutions per minute;

dm  is fhe mean bearing diameter, (d + D)/2, expressed in millimetres;
D is the bearing outer diameter, expressed in millimetres;
d is the bearing inner diameter, expressed in millimetres.

b For flooded screw compressors with special directed (jet) lubrication arrangement, the acceptable N-d,, factor for radial and thryst
ball bearings may be increased according to the bearing manufacturer's recommendation.

¢ For the furpose of this provision, ABMA 'Standard 9 is equivalent to ISO 281.

5.8.1.2 Thrust bearings shall be sized for continuous operation through the full operating range incluging
the most adverse specified operating conditions. Calculation of the thrust load shall include, but shall not be
limited to, the following,factors:

a) step thrust from all diameter changes;

b) stage réactionand-stage-differentiatpresstre:

c) variations in pressure at all inlet and outlet nozzles;

d) external loads from the driver or driven equipment, as described in 5.8.1.3 and 5.8.1.4;
e) highest transient load.

5.8.1.3 Thrust forces from metallic flexible element couplings shall be calculated on the basis of the
maximum allowable deflection permitted by the coupling manufacturer.

5.8.1.4 If two or more rotor thrust forces are to be carried by one thrust bearing (such as in a gear box),
the resultant of the forces shall be used, provided the directions of the forces make them numerically additive.
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If the forces are, by design, in opposite directions, they may be subtracted from each other (e.g. gear forces
vs. clearly defined gas forces).

5.8.1.5

If specified, for dry screw compressors, hydrodynamic thrust and radial bearings shall be fitted

with bearing-metal temperature sensors installed in accordance with API 670. See Figures B.5 and B.6.

NOTE

For flooded screw compressors, bearing-temperature measurement is often not practical.

5.8.2 Rolling element bearings

5.8.2.1 Rolling element bearings shall be located, retained and mounted in accordance with the following.

a) |Bearings shall be located on the shaft using shoulders, collars or other positive locating.devices; snap
rings and spring-type washers shall not be used.

b) |Bearings shall be retained on the shaft with an interference fit and fitted into the housing with g diametrical
clearance, both in accordance with the recommendations of ABMA Standard 7!

c) |Bearings shall be mounted directly on the shaft; bearing carriers shall notbe used.

5.8..2 Single-row, deep-groove ball bearings shall have greater than normal internal clearance

accprding to 1ISO 5753:1991, group 3 or ABMA Symbol 3, as defined.in"‘ABMA Standard 20.

5.8.2.3 Rolling element bearings shall be selected in accordance with the following.

a) |A rolling element thrust bearing may be a single-row, *deep-groove ball bearing provided the combined
axial thrust and radial load is within the capability of’such a bearing and the requirements pf 5.8.1 are
satisfied.

b) |If the loads exceed the capability of a single-row, deep-groove bearing, a matched pair of| single-row,
angular-contact-type bearings shall be used.

c) |Unless otherwise specified, bearingsshall be mounted in a paired bi-directional arrangement. The need
for bearing clearance or preload shall be determined by the vendor to suit the application and meet the
bearing life requirements; see Jable 7.

d) |[Rolling element thrust bearings shall be secured to the shaft with a nut and an appropriate locking method.

e) |Four-point contact (split' race) ball bearings shall not be used for radial loads. Bearings with| filling slots
shall not be used:

5.8.3 Hydrodynamic bearings

5.8.5.1 Hydrodynamic radial bearings shall be in accordance with 5.8.3.1.1 to0 5.8.3.1.3.

5.8.p44 Hydrodynamic radial bearings shall be precision-bored and of the sleeve or pad type} with steel-

backed, abbitted; Teptaceabtetimers, pads—or shetts—T e bearmgs shattbeequipped-withramnti-rotation pins

and shall be positively secured in the axial direction.

5.8.3.1.2 The bearing design shall suppress hydrodynamic instabilities and provide sufficient damping over

the entire range of allowable bearing clearances to limit rotor vibration to the maximum specified amplitudes
(see Tables 4 and 5) while the unit is operating loaded or unloaded at specified operating speeds including
operation at any resonant condition.

5.8.3.1.3

5.8.3.2

Bearings shall be designed to prevent incorrect positioning.

Hydrodynamic thrust bearings shall be in accordance with 5.8.3.2.1 to 5.8.3.2.4.
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5.8.3.2.1

5.8.3.2.2

The active sides of hydrodynamic thrust bearings shall be of the babbitted, multiple-segment, self-
leveling, tilting-pad type or other types approved by the purchaser, sized for continuous operation under all
specified operating conditions (including the maximum allowable differential pressure). The inactive-side thrust
pads or segments shall be babbitted and arranged for positive lubrication.

Unless otherwise specified, replaceable thrust collars shall be furnished and shall be positively
locked to the shaft to prevent fretting.

5.8.3.2.3  Thrust bearings shall be arranged to allow axial positioning of each rotor relative to the casing
and setting of the bearings’ clearance or preload.

5.8.3.2.4 |Hydrodynamic thrust bearings shall be selected at no more than 50 % of the bedring
manufacturgr’s ultimate load rating. The ultimate load rating is the load that produces the minimum acCeptgble
oil-film thickness without inducing failure during continuous service or the load that does not exceedithe creep-
initiation or|yield strength of the babbitt at the location of maximum temperature on the pad, whicheVer load is
less. In sizing thrust bearings, consideration shall be given to the following for each specific application:

a) shaft speed;

b) temperature of the bearing babbitt;

c) deflectipn of the bearing pad;

d) minimum oil-film thickness;

e) feed rafe, viscosity and supply temperature of the oil;

f) design fonfiguration of the bearing;

g) babbitt plloy;

h) turbulence of the oil film.

The sizing ¢f hydrodynamic thrust bearings shall'be reviewed and approved by the purchaser.

5.9 Bearing housings

5.9.1 Beagring housings for pressure-lubricated hydrodynamic bearings shall be arranged to minimize
foaming. The drain system shall’be’adequate to maintain the oil foam level below shaft end seals. Qil ou}lets
from thrust pearings shall be ¢dangential and in the upper half of the control ring or, if control rings are not uged,
in the thrus{ bearing cartridge.

5.9.2 Qil ponnectionston bearing housings shall be in accordance with 5.3.

5.9.3 The rise in-oil temperature through the bearing and housings shall not exceed 30 K (50 °F) undef the
most advels€-specified operating conditions. The bearing outlet oil temperature shall not exceed 8 °C
(180 OF). |f thc ;II:Ct UI: tCIIIpUIGtUIC UAbUUdO 50 OC (120 or), O}JU\JIG: CUI IO;dCIGt;UII oha:: bc H;VUII tU bU rlng

design, oil flow and allowable temperature rise. In this case, outlet oil temperature may exceed 80 °C (180 °F).

NOTE Oil-flooded screw compressors can require a relatively high oil inlet temperature to prevent formation of
condensate from the process gas. Failure to maintain an adequate oil temperature can result in emulsified or
contaminated lubricating oil.

5.9.4 If water cooling is required, water jackets shall have only external connections between upper and
lower housing jackets and shall have neither gasketed nor threaded connection joints that can allow water to
leak into the oil reservoir. If cooling coils (including fittings) are used, they shall be of non-ferrous, metallic
material and shall have no internal pressure joints. Tubing or piping shall have a minimum wall thickness of
1,0 mm (0,040 in) and shall have an outside diameter of at least 12 mm (0,50 in).
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5.9.5 Compressors shall have bearing-housing-shaft 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 shall effectively retain oil in the housing and prevent entry of foreign
material into the housing.

5.9.6 If specified, for dry screw compressors, provision shall be made for mounting two radial-vibration
probes on each bearing, one axial position probe on each rotor and a one-event-per-revolution probe; see

Figures B.3 and B.4. The probe installation shall be as specified in APl 670.

NOTE Some smaller machines cannot accommodate proximity-type probes due to space limitations.

5.9. If specified, bearing housings shall be prepared for permanently mounting seismjc vibration
transducers in accordance with APl 670. When metric fasteners are supplied, the threads shall’be MS8.

5.9.8 If specified, a flat surface of an agreed size and location shall be provided for mounting gf magnetic-
basgd seismic vibration measuring equipment.

5.10 Lube-oil and seal-oil systems

5.10.1 General

5.10.1.1 Unless otherwise specified, a pressurized oil system shall be furnished to supply oil gt a suitable
pregsure or pressures, as applicable, to the following:

a) [bearings of the driver and of the driven equipment (including any gear);

b) Jany governor and control-oil system;

c) |seal-oil system, if combined with the lube-oil system;

d) [rotor internal cooling;

e) [rotors of oil-flooded compressors including slide valve.

5.10.1.2 Relief valves whose solepurpose is to protect blocked-in equipment (e.g. coolers orffilters) from
themal expansion shall be supplied if specified by the purchaser. The purchaser shall mark THERM outside
the felief-valve symbol on the' schematic if the relief valve is for protection from thermal expansion pnly.

5.10.2 Dry screw compressors

5.10.2.1 If oil4ds ‘supplied from a common system to two or more components of a machinery frain (e.g. a
conjpressor, a‘gear and a motor), the vendor having unit responsibility shall ensure compatibility of type,
gradle, pressure and temperature of oil for all equipment served by the common system. Conppatibility of
lubg-oil requirements shall be mutually agreed among the user and all vendors supplying equipment served
by the cammon system. In some cases, there can be significant differences in individual componer)t needs.
NOTE The usual lubricant employed in a common oil system is a mineral oil that corresponds to 1SO 3448:1992
Grade 32 or Grade 46.

5.10.2.2 Unless otherwise specified, bearings and bearing housings shall be arranged for oil lubrication
using a mineral oil in accordance with ISO 3448.

5.10.2.3 Unless otherwise specified, pressurized oil systems for dry screw compressors shall conform to

the requirements of ISO 10438-1 and ISO 10438-2.

NOTE

ISO

10438-2, respectively.
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5.10.2.4

NOTE

5.10.2.5

If specified, an oil reservoir integral to the base frame shall be provided in accordance with the
requirements of ISO 10438-3.

For the purposes of this provision, APl 614-99, Chapter 3, is equivalent to ISO 10438-3.

If specified, a full-capacity, shaft-driven oil pump shall be provided in accordance with

requirements of ISO 10438 (all parts).

NOTE 1

NOTE 2

This pump is typically driven by the low-speed shaft of the gear box.

For the purposes of this provision, API 614 is equivalent to ISO 10438 (all parts).

5.10.3 Flolded screw compressors

5.10.3.1 (
5.10.3.1.1
Oil systems
a) Lube oi
b) Lube-oi

c) Lube-oi

d) Lube o
compre

Typical sys

5.10.3.1.2
include, but

a) dilution

b) degass

C) corrosic

d) viscosit
€) moistur

f)

oil affeq

beneral

Flooded screw compressors shall utilize a pressurized reservoir and separationessels.
for flooded screw compressors are designed with consideration of the following features.
is in contact with process-gas.

system forms a part of process-gas system.

system is segregated from the atmosphere.

| is pressurized to the discharge-gas pressure. In~seme cases, the lube oil can flow into
ssor bearing and seal sections without pumping-up (driven by differential pressure).

ems are described in Annex E.

The oil system shall utilize a lubricant.compatible with the process gas. Compatibility issues
not be limited to, the following:

ng;

n;

y changes;

e absorption;

tingcthe process;

g) shaft-s
5.10.3.1.3

NOTE

artype.

If any optional lube-oil components are required, this shall be specified by the purchaser.

Refer to Annex E for examples of typical lube-oil systems and their arrangements.

the

the

can

5.10.3.1.4 The discharge temperature in any specified operating condition shall be maintained at least 10 K
(18 °F) higher than the dew point of the process-gas components and water vapour.

5.10.3.1.5 The gas pipe between the compressor discharge nozzle and the first oil separator shall be sized
to withstand pulsation, high-volume mixed-phase flow and vibration loads.
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5.10.3.1.6 Lube- and seal-oil-system components listed below shall conform to the requirements of
ISO 10438-1 and ISO 10438-2:

a)
b)
c)

For

NOTE For the purposes of this provision, API614-99, Chapters 1 and 2, are equivalent to 1SO

ISO

5.10.3.2 Oil filters

Oil filters shall conform to the requirements of ISO 10438-2 and to the following.

a)

b)

NOT

5.1(
5.1(
coo

are

NOT
ISO

The)
air-(

5.1(

5.1(
ope

5.1(

5.1(

transfer valves;
gauges;
heaters.

piping and tubing, see 6.5.1 and 6.5.2.

10438-2, respectively.

Qil filters for bearing-, seal- and control-oil supply shall provide a minimum particle removal
99,5 % for 10 um particles (5 > 200).

Particle removal by oil filters for rotor-supply (injection) oil shall“be agreed by the suppl
purchaser.

E For the purposes of this provision, APl 614-99, Chapter 2y.is equivalent to ISO 10438-2.

.3.3 Coolers
er shall be liquid-cooled shell-and-tube or plate type, or air-cooled type, as specified. Interna
hot acceptable.

E For the purposes of this provision, APl 614-99, Chapters 1 and 3, are equivalent to ISO
10438-3, respectively.

vendor shall include in the-proposal complete details of any proposed shell-and-tube-type, p
ooled-type cooler.

.3.3.2 If specified,dual coolers shall be provided. Each cooler shall be sized for the full heat

.3.3.3 Unless.otherwise specified, the cooler shall be sized to handle the full heat load of a
rating conditiofh and the unloaded condition.

.3.4 _Pumps

.34.1 Unless otherwise specified, dual pumps shall be furnished in accordance with ISO

10438-1 and

pfficiency of

er and the

.3.3.1 A single oil cooler shall be providedzin accordance with ISO 10438-1 and 1SO 1(3438-3. The

oil coolers

10438-1 and

late-type or

oad.

hy specified

10438-3. At

least one pump shall be motor-driven.

NOTE For the purposes of this provision, APl 614-99, Chapter 3, is equivalent to ISO 10438-3.

5.10.3.4.2 If specified or agreed, a single pump may be furnished.

NOTE On some systems, the pump is required for start-up only.

5.10.3.4.3 A strainer shall be provided upstream of the pump(s).

© 1SO 2007 — All rights reserved
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5.10.3.5 Oil separators

5.10.3.5.1

For flooded screw compressors, an oil-separation vessel or vessels shall be supplied as spec

in 5.10.3.5.21t0 5.10.3.5.5.

ified

5.10.3.5.2 The allowable oil carryover at the certified point (in parts per million by mass) in the process gas

stream that

NOTE 1

NOTE 2

leaves the separator shall be specified.

The oil carryover can increase at operating conditions other than the certified point.

Multiple separators can be required for services that have stringent limits on oil carryover.

5.10.3.5.3

5.10.3.5.4
corrosion a

Austenitic s
frequently €

5.10.3.5.5

a) capacit

Separators shall be designed in accordance with the specified pressure design code.

Unless otherwise specified, separators shall be constructed of carbon steel with a3 nim (1/
lowance.

tainless steel should be specified for corrosive services or applications wheré the vessel interi
xposed to the atmosphere.

Separators shall be equipped with the following characteristics and appendages:

to avoid frequent filling and to provide adequate allowance‘for system rundown. A minin

B in)

DI is

num

2-min fetention time shall be provided. The vendor shall specify inthe/proposal, the proposed separator

dimeng
Figure

NOTE (

b) internal

oil-carr
c) unless
d) flanged
e)

f)

9)

separat
flanged
baffle b
h)

vortex

ions and retention time, as well as maximum, minimum* and normal operating levels.
E.4;

Dil retention time is required for sufficient degassing to maintain the required oil characteristics.

coalescing filtration and impingement bafflesi/as necessary to achieve the specified allow
yover concentration;

btherwise specified, a flanged, safety relief valve in accordance with 6.4.4.6;

opening [152,4 mm (6,0 in) minimum] for servicing and cleaning of the separator internals;
e flanged vent, filter drain (if applicable), oil-return, oil-fill and drain connections;

armoured level gaugeg;

vy the gas inlet opening to help direct gas upward and oil downward;

stilling fubes on oil-filkand return connections to direct oil to a level below the minimum operating level

reaker . upstream of the oil-outlet connection;

if spec

See

able

fied, separate, flanged connections for level switch, pressure differential indicator, pres

pure

indicator, oil-conditioner inlet, oil-conditioner outlet and electric heater;

switch(

38

es);

if specified, electric heater with temperature control.

if specified, separate austenitic stainless steel thermowell connections for a temperature gauge and/or

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=554835d8bed42ba9170d22ff9defc078

ISO 10440

5.11 Materials

5.11.1 General

5.11.1.1

-1:2007(E)

The manufacturer shall select the materials of construction to be suitable for the specified

operating and site environmental conditions (see 5.11.1.7) and shall comply with the requirements of this part
of ISO 10440 and the purchaser.

See 6.5 for requirements for auxiliary piping materials. The material(s) selected by the manufacturer should be
reviewed and agreed to by the purchaser.

5.1
pro
graq

properties, chemical composition and test requirements, shall be included in the proposal.

If In
use

5.11
con
stai

5.11
ens
the

The)
com

5.11
meq

5.11
lead

5.11
and
crag

NOT
poly|

5.11
part
carh

|

1.2 The materials of construction of all major components shall be clearly stated in\t
osal. Materials shall be identified by reference to applicable international standards, including
e; see Table F.1. If no such designation is available, the vendor’s material specification, giv

ternational Standards are not available, internationally recognized national -on<other standa
.

1.3 If specified, copper or copper alloys shall not be used for parts of machines or a
act with process fluids. Nickel-copper alloy (UNS N04400), bearing babbitt and precipitatio
nless steels are excluded from this requirement.

1.4 The vendor shall specify the optional tests and inspection procedures that can be n
Ure that materials are satisfactory for service (see 5.11.1:2). Such tests and inspections shall
broposal.

purchaser may specify additional optional tests and inspections, especially for materials use
ponents or in critical services.

1.5 External parts that are subject to_rotary or sliding motions (e.g. control-linkage joints a
hanisms) shall be of corrosion-resistantimaterials suitable for the site environment.

1.6 Minor parts, such as nuts{ springs, washers, gaskets and keys, shall have corrosion r
t equal to that of specified parts in.the same environment.

A7
process fluids and jn, the site environment, including constituents that may cause stres
king.

E Typical agents of concern are hydrogen sulfide, amines, chlorides, cyanide, fluoride, naphthg
hionic acid.

1.8 If\it is necessary to fabricate hard-faced, overlay or repaired by welding austenitic stz
5 thatsare exposed to conditions that can promote intergranular corrosion, they shall be m
on’ Or Stabilized grades.

he vendor's
the material
ng physical

ds may be

uxiliaries in
n-hardened

ecessary to
be listed in

i for critical

nd adjusting

psistance at

The purchaser shall-specify any corrosive agents (including trace quantities) present in the motive

s-corrosion

nic acid and

inless steel
ade of low-

NOTE

Overlays or hard surfaces that contain more than 0,10 % carbon can sensitize both low-carbon and stabilized

grades of austenitic stainless steel unless a buffer layer that is not sensitive to intergranular corrosion is applied.

5.11.1.9

Where mating parts, such as studs and nuts, of austenitic stainless steel or materials

with similar

galling tendencies are used, they shall be lubricated with an anti-seizure compound of the proper temperature
specification and compatible with the specified process fluid(s).

NOTE

With and without the use of anti-seizure compounds, the torque loading values required to

necessary preload can vary considerably.

5.11.1.10

If the purchaser has specified the presence of hydrogen sulfide in any fluid, materials

achieve the

exposed to

that fluid shall be selected in accordance with the requirements of NACE MR0103. Ferrous materials not

© 1SO 2007 — All rights reserved
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covered by NACE MR0103 shall be limited to a yield strength not exceeding 620 N/mm?2 (90 000 psi) and a
hardness not exceeding Rockwell C 22 (240 HRB). Components that are fabricated by welding shall be
post-weld heat treated, if required, so that both the welds and the heat-affected zones meet the yield strength
and hardness requirements.

NOTE It is the responsibility of the purchaser to determine the amount of wet H,S that can be present, considering
normal operation, start-up, shutdown, idle standby, upsets or unusual operating conditions, such as catalyst regeneration.

In many applications, small amounts of wet H,S are sufficient to require materials resistant to sulfide
stress-corrosion cracking. If trace quantities of wet H,S are known to be present or if there is any uncertainty
about the amount of wet H,S that can be present, the purchaser should automatically note on the datasheets
that materigls resistant to sulfide stress-corrosion cracking are required.

5.11.1.11 | The vendor shall select materials to avoid conditions that can result in electrolytic corrosion. If
such condifions cannot be avoided, the purchaser and the vendor shall agree on the material iselection [and
any other pfecautions necessary.

NOTE If dissimilar materials with significantly different electrical potentials are placed in contactjin the presence ¢f an
electrolytic splution, galvanic couples that can result in serious corrosion of the less noble material can be created.| The
NACE Corrogion Engineer’s Reference Book is one resource for selection of suitable materials.in these situations.

5.11.1.12 | Where applicable, materials and casting factors shall be equal to these required by the specijfied
pressure dgsign code. The manufacturer’s data report forms, as specified inithe code, are not required.

NOTE For impact requirements, refer to 5.11.5.

5.11.1.13 |Low-carbon steels can be notch-sensitive and susceptible to brittle fracture at ambient or|low
temperaturgs. Steel made to a coarse austenitic grain-size practice (such as ASTM A 515) shall not be uged.
Only fully kijled or normalized steels made to fine-grain practice shall be used.

5.11.1.14 | O-ring materials shall be compatible with all specified services. Special consideration shall be
given to the selection of O-rings for high-pressure ‘services to ensure that they are not damaged on rapid
depressurization (explosive decompression).

NOTE $usceptibility to explosive decompression depends on the gas to which the O-ring is exposed,| the
compounding of the elastomer, temperature of exposure, the rate of decompression and the number of cycles.

5.11.1.15 |[The minimum quality (bolting material for pressure joints shall be carbon steel (e.g.
ASTM A307-04, grade B) for castriron casings and high-temperature alloy steel (e.g. ASTM A193/A193M-06,
grade B7) fpr steel casings. Catbon steel nuts (e.g. ASTM A194/A194M-06, 2H) shall be used. Where space
is limited, gase-hardened cafbon steel nuts (e.g. ASTM A563-04, grade A) shall be used. For temperatpres
below — 30|°C (- 20 °F), lew-temperature bolting material in accordance with ASTM A320/A320M shall be
used.

5.11.2 Caj[ings

5.11.21 eneral

5.11.2.1.1 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, shotblasting,
chemical cleaning or any other standard method. Mould-parting fins and remains of gates and risers shall be
chipped, filed or ground flush.

5.11.2.1.2 The use of chaplets in pressure castings shall be held to a minimum. Where chaplets are
necessary, they shall be clean and corrosion-free (plating is permitted) and of a composition compatible with
the casting.

5.11.2.1.3 All repairs that are not covered by ASTM or other internationally recognized material
specifications shall be subject to the purchaser’s approval.
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5.11.2.1.4 There shall be no fully enclosed, cored voids that can become fully enclosed due to plugging,
welding or assembly.

5.11.2.2 Repairs to pressure-containing ferrous castings

5.11.2.2.1

Pressure-containing ferrous castings shall not be repaired except as permitted by

5.11.2.2.3 and 5.11.2.2.4.

5.11.2.2.2,

5.11.2.2.2 Weldable grades of steel castings shall be repaired by welding, using a qualified welding
procedure based on the requirements of the specified pressure design code. After major weld repairs, and

befi

re hydrotest the complete repaired casting shall be given a post-weld heat treatment to en

sure stress

relig
sub

5.11
drill
bee

5.11
The)

5.11

5.11
suc

NOT

5.11
the

exa
ISO

Crit
poir
of &
sele
qua

5.11
thic
Y-b
thre

5.11

Jity levels should be @greed upon between the purchaser and the vendor.

f and continuity of mechanical properties of both weld and parent metal and dimensional -$tq
sequent machining operations.

.2.2.3 Cast grey iron may be repaired by plugging within the limits specified in ASTM A278§
bd for plugs shall be carefully examined using liquid penetrant to ensure that all defective
h removed.

.2.2.4 Ductile iron may be repaired by plugging within the limits specified\in ASTM A395 or A

.2.3 Ductile iron castings

.2.3.1 Ductile iron castings shall be produced in accordance with an internationally recogniz
nas ASTM A395 or ASTM A536.

E Ductile iron is also commonly referred to as nodular iron or spheroidal graphite (SG) iron.

.2.3.2 The keel or Y-block cast at the end .of\the pour shall be at least as thick as the thicke
main casting. This test block shall be tested)for tensile strength and hardness and shall be mic
mined. Classification of graphite nodules” under microscopic examination shall be in acco
945 or ASTM A247.

cal sections are typically heawy sections, section changes, high-stress points such as drilleg
ts, the rotor bores and flanges: Normally, bosses and similar sections are not considered criti
casting. If critical sections of a casting have different thicknesses, average size keel or Y-blo
cted in accordance with, ASTM A395 or other internationally recognized material specification|

.2.3.3 A minimum of one set (three samples) of Charpy V-notch impact specimens at o
ness of the-fést block shall be made from the material adjacent to the tensile specimen on ¢
ock. All.three specimens shall have an impact value not less than 11 J (8,1 ft-lb;) and the 1
e specifmmens shall not be less than 14 J (10 ft-Ib;) at room temperature.

.2:3.4 An “as-cast” sample from each ladle shall be chemically analyzed.

bility during

. The holes
haterial has

STM A536.

holes drilled for plugs shall be carefully examined using liquid penétrant to ensure that gll defective
material has been removed.

ed standard

5t section of
roscopically
dance with

lubrication
cal sections
cks may be
5. Minimum

ne-third the
ach keel or
nean of the

5.11.2.3.5 Brinell hardness tests shall be made on the actual casting at feasible critical sections, such as
section changes, flanges and other accessible locations, such as the casing bore. Sufficient surface material
shall be removed before hardness tests are made to eliminate any skin effect. Tests shall also be made at the
extremities of the casting at locations that represent the sections poured first and last. These shall be made in
addition to the hardness test on keel or Y-blocks in accordance with 5.11.2.3.2.

5.11.3 Forgings

5.11.3.1 Unless otherwise agreed upon by the purchaser and the vendor, the forging material shall be
selected from those listed in Annex F.
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5.11.3.2

5.11.4 Wel

5.11.4.1
a)

proced

If specified

All repairs that are not covered by ASTM or other specified internationally recognized material
specifications shall be subject to the purchaser's approval.

ding

Table 8 gives specifications for the following:

procedures by which the welding and weld repairs shall be performed;

ures by which the inspection of welding and weld repairs shall be carried out;

br agreed by the purchaser, alternate codes or standards may be used.

Table 8 — Welding requirements

heir

Requirement Applicable code or'standard

Welder/opetator qualification

ASME Code, Section IX

Welding pro

cedure qualification Applicable material specification or, where weld procedd

Section IX

are not covered by the’material specification, ASME Codle,

res

baseplates

Non-pressufe-retaining structural welding, such as

ANSI/AWS D1.3/D1.1M
r supports

Magnetic-p3
plate edges

rticle or liquid-penetrant examination of the Pressure-design code [e.g. ASME Code, Section VIII,

Division™1; UG-93(d)(3)]

Post-weld h

pat treatment Applicable material specification or pressure design cod

(e.g. ASME Code, Section VI, Division 1, UW 40)

w

Post-weld h

bat treatment of casing fabrication welds Applicable material specification or pressure design cod

(e.g. ASME Code, Section VI, Division 1)

w

5.11.4.2

are properl
qualified pr
original flay

method in accordance with 7:2:2.4 for magnetic material and by the liquid-penetrant method in accords

with 7.2.2.5

subject to réview by the purchaser before any repair is made.

51143
purchaser 1

The vendor shall be responsible for the review of all repairs and repair welds to ensure that
heat treated and non-destructively examined for soundness and compliance with the applic
bcedures. Repair welds\shall be non-destructively tested by the same method used to detect
v; however, the minimum level of inspection after the repair shall be by the magnetic-parn

for non-magnetic” material. Unless otherwise specified, procedures for major repairs shal

The purchaser shall be notified before making a major repair. Major repair, for the purpos
otification, is any defect that equals or exceeds any of the following criteria:

hey
able
the
ticle
nce
be

e of

repair

-h

BN
T

a)

b)

a ook
Tty THovITgppars

50 % of the component wall thickness or is longer than 150 mm (6 in) in any direction;

c)

5.11.4.4

5.11.4.5

42

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

repair of a pressure-containing part in which the depth of the cavity prepared for repair welding exceeds

All accessible areas of welds on built-up rotors shall be inspected by means of magnetic-particle
or dye-penetrant examination.

Pressure-containing casings made from wrought materials or combinations of wrought and cast
materials shall conform to the conditions specified in 5.11.4.6 to 5.11.4.9.
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Plate edges shall be inspected by magnetic-particle or liquid-penetrant examination

by 5.11.4.1 and Table 8.

5.11.4.7

examination after back-chipping or gouging and again after post-weld heat treatment.

5.11.4.8

Pressure-containing welds, including welds of the case to axial- and radial-joint flang

full-penetration welds.

1:2007(E)

as required

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

es, shall be

5.11.4.9 Casings fabricated from materials that, according to the specified pressure design code, require
post-weld heat treatment shall be heat-treated regardless of thickness.

5.11.4.10 Connections welded to pressure casings shall be installed as specified in 5.11.4 19040 5.11.4.15.
5.11.411 In addition to the requirements in 5.11.4.1, specific welds shall be Isubjected to 100 %
radipgraphy, magnetic-particle inspection, ultrasonic inspection, or liquid-penetrant inspection, if specified.
5.11.4.12 If specified, proposed connection designs shall be submitted for approval before fabrjcation. The
drayings shall show weld designs, size, materials and pre- and post-weld heat.treatments.

5.11.4.13 All welds shall be heat-treated in accordance with 5.11.4.1 and.Table 8.

5.11.4.14 Post-weld heat treatment, if required, shall be carried-0at after all welds, including plping welds,

hav

5.11

b been completed.

properties as the casing material or shall be of low-carbon austenitic stainless steel. Othg

coni

5.11

5.11
use

Nor
tem
proq

5.11

patible with the casing material and intended service.may be used with the purchaser's approv

.5 Low-temperature service

5.1 The purchaser shall specify the “‘minimum design metal temperature and concurre
1 to establish impact test and other material requirements.

mally, this is the lower of the ‘minimum surrounding ambient temperature or minimum g
perature; however, the purchaser may specify a minimum metal temperature based on prop¢
ess fluids, such as auto-refrigeration at reduced pressures.

5.2 To avoid brittle“failures, materials and construction for low-temperature service shall

for {he minimum desjgn.metal temperatures in accordance with the codes and other requiremen

The
can

Car
furn
poir

purchaser anddhe“vendor shall agree on any special precautions necessary with regard to co
occur during‘eperation, maintenance, transportation, erection, commissioning and testing.

e should be taken in the selection of fabrication methods, welding procedures and materials
shedjsteel, pressure-retaining parts that can be subject to temperatures below the ductile-britt
t,

.4.15 Auxiliary piping welded to alloy steel casingssshall be of a material with the same nominal

r materials
al.

Nt pressure

rocess-fluid
brties of the

be suitable
s specified.
nditions that

for vendor-
le transition

The published design-allowable stresses for many materials in internationally recognized standards such as
the ASME Code and ANSI standards are based on minimum tensile properties. Some standards do not
differentiate between rimmed, semi-killed, fully-killed, hot-rolled and normalized material, nor do they take into
account whether materials were produced under fine- or coarse-grain practices. The vendor should exercise
caution in the selection of materials intended for service between — 30 °C (- 20 °F) and 40 °C (100 °F).

5.11.5.3 All carbon, low-alloy and high-alloy steel, pressure-containing components, including nozzles,
flanges and weldments, shall be impact-tested in accordance with the requirements of the specified pressure
design code. For materials and thicknesses not covered by the specified pressure design code, the purchaser
should specify requirements.

© IS0 2007 — Al rights reserved 43


https://standardsiso.com/api/?name=554835d8bed42ba9170d22ff9defc078

ISO 10440-1:2007(E)

NOTE

Impact testing of a material might not be required depending on the minimum design metal temperature,

thermal, mechanical and cyclic loading and the governing thickness. Refer to requirements of the pressure design code
(e.g. Section VI, Division |, Section UG-20F of the ASME Code).

Governing thickness used to determine impact testing requirements shall be the greater of the following:

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

b)

c)

largest

nominal section for pressure containment, excluding

1) structural support sections, such as feet or lugs,

2) seftions with increased thickness required for rigidity to mitigate shaft deflection,

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

ch

bmbers;

one-fourth of the nominal flange thickness, including parting flange thickness for axially split casing

recogn

tion that the predominant flange stress is not a membrane stress).

The resulty of the impact testing shall meet the minimum impact energy requirements of the spec
pressure dgsign code.

5.12 Namgplates and rotation arrows

5.12.1 A rlameplate shall be securely attached at a readily visible’location on the equipment and on
major piecg of auxiliary equipment.

5.12.2 Rof

visible locafion.

5.12.3 Naimneplates and rotation arrows (if attached)shall be of austenitic stainless steel or of nickel-co
(UNS N044p0) alloy. Attachment pins shall be aof the same material. Welding is not permitted.

5.12.4 The following data shall be clearly ,stamped or engraved on the nameplate:

a)

b)

f)
)]
h)

i)

vendor’
serial n

size, ty,

5 name;
Lmber;

be and model;

rated capacity;

purchager’s item number or other reference;

seal

any

ation arrows shall be cast in or attached to each major item of rotating equipment at a readily

bper

maximum-centinbous-speed;

maximum allowable casing working pressure;

hydrostatic test pressure;

maximum allowable temperature.

5.13 Quality

Refer to API 683 for guidelines on a quality-assurance programme for the equipment.
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6 Accessories
6.1 Drivers

6.1.1 General

6.1.1.1 The driver shall be of the type specified, shall be sized to meet the maximum specified operating
conditions, including external gear and coupling losses, and shall be in accordance with applicable
specifications, as stated in the inquiry and order. The driver shall operate under the utility and site conditions
specified in the inquiry.

6.1./1.2 The driver shall be sized to accept any specified process variations, such as(chapges in the
pregsure, temperature or properties of the fluids handled and plant start-up conditions.

6.1./1.3 The driver shall be capable of starting under the conditions specified, and the starfing method
sha|l be agreed by the purchaser and the vendor. The driver's starting-torque capabilities shall [exceed the
spegd-torque requirements of the driven equipment.

6.1.1.4 The supporting feet of drivers with a mass greater than 225kg (500 Ib) shall be provided with
vertjcal jackscrews.

6.1.2 Motors

6.1.2.1 The purchaser shall specify the type of motor and its characteristics and accessorigs, including
but hot limited to the following:

a) |[electrical characteristics;

b) Istarting conditions, including the expected voltage drop on starting;

c) |[type of enclosure;

d) [sound pressure level;

e) [area classification, based on‘API RP 500 or equivalent International Standard;
f) [type of insulation;

g) [required service factor;

h) Jambient temperature and elevation above sea level,

i) [transmission losses;

j) [temperature detectors, vibration sensors, and heaters specified,;

k) auxiliaries (e.g. motor-generator sets, ventilation blowers and instrumentation);
[) vibration acceptance criteria;
m) use in variable-frequency drive applications.

6.1.2.2 Motor drives shall conform to internationally recognized standards (e.g. APl 541 or API 546), as
applicable. Motors that are below the power scope of API 541 or APl 546 shall be in accordance with
IEEE 841. Electric motor drivers shall be rated with a 1,0 service factor. The motor rating shall be at least
110 % of the greatest power required (including gear and coupling losses) for any of the specified operating
conditions. Consideration shall be given to the starting conditions of both the driver and driven equipment and
the possibility that these conditions can be different from the normal operating conditions.
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NOTE The 110 % applies to the design phase of a project. After testing, this margin might not be available due to
performance tolerances of the driven equipment.

6.1.2.3 The motor's starting torque shall meet the requirements of the driven equipment at a reduced
voltage of 80 % of the normal voltage, or such other value as may be specified, and the motor shall accelerate
to full speed within 15 s or such other period of time agreed upon by the purchaser and the vendor.

6.1.3 Steam turbines

Steam turbine drivers shall conform to ISO 10437 or API 611 as specified by the purchaser. Steam turbine
drivers shall be sized (rated) to deliver continuously not less than 110 % of the maximum power requirement
of the drivgn equipment (including any gear and coupling losses) when operating at any of the speclfied
operating cpnditions and at the corresponding speed. Steam turbine drivers shall deliver their rated-power at
the corresppnding speed with coincident minimum inlet and maximum exhaust conditions as specified by the
purchaser.

NOTE 1 he 110 % applies to the design phase of the project. After testing, this margin might not be available dye to
performance]tolerances of the driven equipment.

o prevent oversizing or to obtain higher operating efficiency or both, it can be.desirable to limit maximnum
ility by specifying normal power or a selected percentage of rated poweninstead of rated power af the

6.1.4 Gedr units

Gear units ghall either conform to ISO 13691 or ANSI/API 613;:6rconform to API 677, as specified.

6.2 Couplings and guards

6.2.1 Unless otherwise specified, flexible couplingsand guards between drivers and driven equipment ghall
be supplied| by the manufacturer of the driven eguipment.

6.2.2 Colplings and guards shall conform.to ISO 10441 or ANSI/API 671. The make, type, and mounting
arrangement of couplings shall be agregd.'upon by the purchaser and the vendors of the driver and drjven
equipment.

6.2.3 Infgrmation on shafts, keyway dimensions (if any) and shaft-end movements due to end play |and
thermal effgcts shall be furnishedto the vendor supplying the coupling.

NOTE This information_is-normally furnished by the vendor of the driven equipment or the driver vendor.

6.2.4 The coupling-to-shaft juncture shall be designed and manufactured to be capable of transmifting
power at least equal to the power rating of the coupling.

6.2.5 The purchaser of the coupling shall provide or include a moment simulator, if required for| the
mechanical running test (see 7.3.3).

Test-bed coupling mass should simulate the contract coupling moment.
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6.3.1

ISO 10440-

Mounting plates

General

1:2007(E)

6.3.1.1 The equipment shall be furnished with soleplates or a baseplate (collectively referred to as mounting
plates), as specified.

NOTE

be |
bett

6.3.
orf
vert
mar

Refer to Annex G for typical mounting plate drawings.

1.3 If an item of equipment being supported has a mass in excess of 225 kg (500 Ib); the mo|
lates shall be furnished with horizontal (axial and lateral) jackscrews, the same-size or larg
cal jackscrews. The lugs holding these jackscrews shall be attached to the mounting plate
ner that they do not interfere with the installation of the equipment, jackscrews.or shims. Precs

be
me
as
equ
rust

6.3.
the
allo

6.3.
be d

6.3.
four

6.3.

6.3.

d)

frovision for the use of hydraulic jacks, may be proposed. Such arrangements should be p

ken to prevent vertical jackscrews in the equipment feet from marring the shimming surfaces
ods of lifting equipment for the removal or insertion of shims or for moving equipment horizg

pment that is too heavy to be lifted or moved horizontally using jackscrews. Jackscrews shall &
resistance.

1.4 Machinery supports shall be designed to limit the relative” displacement of the shaft end
worst combination of pressure, torque and allowable piping stress, to 50 um (0,002 in). See
vable piping loads.

1.5 If pedestals or similar structures are provided for centreline-supported equipment, the ped
esigned and fabricated to permit the machine te;be moved using horizontal jackscrews.

1.6 Unless otherwise specified, epoxy(Cgrout shall be used for machines mounted d
dations. Grouting preparation and installation shall be in accordance with APl RP 686-96, Cha

1.7 The anchor bolts shall not be‘used to fasten equipment to the mounting plates.
1.8 Mounting plates shall gonform to the following.
Mounting plates shall not be drilled for equipment to be mounted by others.

Mounting plates Ghall be supplied with leveling screws. Tapered blocks for leveling may
instead of leveling screws if approved by the purchaser.

Outside _corhers of mounting plates that are in contact with the grout shall have 50 mm (2 i
radiused:outside corners (in the plan view).

All-machinery mounting surfaces shall be treated with a rust preventive immediately after mach

ereon shall

sgghness) or

unting plate
er than the
5 in such a
utions shall
Alternative
ntally, such
roposed for
e plated for

caused by
Annex C for

estals shall

n concrete
bter 5.

be supplied

) minimum

ining.

e)

f)

Mounting plates shall extend at least 25 mm (1 in) beyond the outer three sides of equipment feet.

Mounting plates shall be machined to a finish of 6 ym (250 pin) Ra (arithmetic average roughness) or

better.

6.3.1.9 The alignment shims shall be in accordance with APl RP 686-96, Chapter 7, and shall straddle the
hold-down bolts and vertical jackscrews and be at least 5 mm (0,25 in) larger on all sides than the equipment

feet

6.3.1.10

Unless otherwise specified, anchor bolts shall be furnished by the purchaser.
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6.3.1.11 Hold-down bolts used to attach the equipment to the mounting plates and all jackscrews shall be
supplied by the vendor.

6.3.1.12 Equipment shall be designed for installation in accordance with APl RP 686.

6.3.2 Baseplates

6.3.2.1 If a baseplate is specified, the purchaser shall indicate the major equipment to be mounted on it.

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, w|

NOTE A
need to be f4

6.3.2.2
from these

6.3.2.3
instruments
and vendor
accessible
shall be pr
close to thg
corner. If rej

6.3.2.4
be supporte
shall be mu

6.3.2.5
complete wj
equipment

6.3.2.6

integral with the base plate is supplied. df\the baseplate is designed for grouting, it shall be provided wit

least one g
in each bul
members.
shall have 1
grout, metg
13 mm (0,5

6.3.2.7
provided on

6.3.2.8

hich shall be holted together to ensure accurate field reassembly

baseplate with a nominal length of more than 12 m (40 ft) or a nominal width of more than 4 m (42.ft) n
bricated in multiple sections because of shipping restrictions.

If a baseplate(s) is provided, it shall extend under the drive-train components sqg that any leaK
components is contained within the baseplate.

If specified, the baseplate shall be designed to facilitate the use of optieal, laser-based or g
for accurate leveling in the field. The details of such facilities shall be-agreed by the purch
. If the requirement is satisfied by the provisions of leveling pads.and/or targets, they shal
with the baseplate on the foundation and the equipment mounted.)Removable protective co
pvided. For column-mounted baseplates (see 6.3.2.4), levelingpads or targets shall be loc
support points. For non-column-mounted baseplates, a pad eor target should be located at ¢
quired for long units, additional pads shall be located at intermediate points.

If specified, the baseplate shall be designed for column mounting (that is, of sufficient rigidit
d at specified points) without continuous grouting under structural members. The baseplate de
tually agreed upon by the purchaser and the vendor.

The baseplate shall be provided with lifting Tugs for at least a four-point lift. Lifting the basef
th all equipment mounted shall not permanently distort or otherwise damage the baseplate or
mounted on it.

The bottom of the baseplate between structural members shall be open except if an oil rese

out hole having a clear area of at least 130 cm? (20 in2) and no dimension less than 75 mm (
khead section. These holes shall be located to permit grouting under all load-carrying struc
Vhere practical, the holes shall be accessible for grouting with the equipment installed. The h
3 mm (0,5 in) raised-lip edges, and if located in an area where liquids can impinge on the expd
llic covers witha minimum thickness of 1,5 mm (0,060 in) shall be provided. Vent holes at |
in) in diameten.shall be provided at the highest point in each bulkhead section of the baseplate

Unless-otherwise specified, non-skid metal decking covering all walk and work areas shal
the top of the baseplate.

hight

age

ther
hser

be
vers
hted
ach

y to
5ign

late
the

Voir
h at
B in)
ural
Dles
sed
bast

be

Theé underside mounting surfaces of the baseplate shall be in one plane within 0,1 mm (0,004

in).

NOTE

6.3.2.9

Mounting surfaces in one plane permit the use of a single-level foundation.

All upper baseplate mounting surfaces shall be

a) machined after the baseplate is fabricated,

b) machined within a flatness of 4,2 ym/100 mm (0,000 5 in/ft) of mounting surface,

c) parallel

to each other within 50 um (0,002 in).

Each group of mounting surfaces required to be in the same horizontal plane for a single machine casing shall
be so within 25 ym (0,001 in) to prevent a soft foot.
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6.3.3 Soleplates and sub-soleplates

6.3.3.1 If soleplates are specified, they shall meet the requirements of 6.3.3.2 and 6.3.3.3 in addition to
those of 6.3.1.

6.3.3.2 Adequate working clearance shall be provided at the bolting locations to allow the use of standard
socket or box wrenches and to allow the equipment to be moved using the horizontal and vertical jackscrews.

6.3.3.3 Soleplates shall be steel plates that are thick enough to transmit the expected loads from the
equipment feet to the foundation, but in no case shall the plates be less than 40 mm (1-1/5 in) thick.

6.3.5.4 If specified, sub-soleplates shall be provided by the vendor.

6.3.5.5 If sub-soleplates are specified, they shall be steel plates at least 25 mm (1 in) thick. The finish of
the pub-soleplates' mating surfaces shall match that of the soleplates (see 6.3.1.2).

6.4| Controls and instrumentation

6.4.1 General

6.4.11.1 The vendor shall provide sufficient compressor-performance data to enable the purchaser to
properly design a control system for start-up and for all specified‘eperating conditions. If requested by the
pur¢haser, the vendor shall review the purchaser’'s overall compressor control system for compptibility with
vengor-furnished control equipment.

6.4.1.2 Instrumentation and installation shall conform™to the purchaser's specifications, @and, unless
othgrwise specified, instrumentation and installation shall conform to the requirements of ISO 10438.

NOTE For the purposes of this provision, APl 614:is/equivalent to ISO 10438.

6.4./1.3 The purchaser shall specify conirols, instruments, and control panel requirements. |The typical
datasheets in Annex A may be used to specify the requirements.

6.4./1.4 Unless otherwise specified;’controls and instrumentation shall be designed for outdoof installation
and|shall meet the requirements of\1P65 as detailed in IEC 60079 (all parts) or NEMA 250, classifigation 4.

6.4.1.5 Instrumentation ‘and controls shall be designed and manufactured for use in the area
classification (class, group_and division or zone) specified.

6.4.1.6 All conduit) armoured cable and supports shall be designed and installed so that it can be easily

rempoved without-damage and shall be located so that it does not hamper removal of bearings, seals or
equjpment internals.

6.4.2 Control systems

6.4.21 The compressor may be controlled on the basis of inlet pressure, discharge presslire, flow or
some combination of these parameters. This may be accomplished by suction throttling, speed variation, a
slide-valve volume-control device or a cooled bypass from discharge to suction. The control system may be
mechanical, pneumatic, hydraulic, electric or any combination thereof. The system may be manual or it may
be automatic with a manual override. The purchaser shall specify the source of the control signal, its
sensitivity and range and the equipment to be furnished by the vendor.

NOTE For flooded screw compressors, there is the possibility of the bypass not requiring cooling.
6.4.2.2 For a variable-speed drive, the control signal shall act to adjust the set point of the driver's

speed-control system. The speed of the machine shall vary linearly and directly with the control signal. Unless
otherwise specified, the control and operating speed range shall be from maximum continuous speed to 95 %
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of the minimum speed required for any specified operating condition or 70 % of the maximum continuous
speed, whichever is lower.

6.4.2.3

NOTE
applications.

6.4.2.4
device if fur

If specified, a combination of control modes shall be provided.

Typically, this is necessary on machines with a limited speed range, for multi-service or multi-stream

If constant-speed drive is specified, the control signal shall actuate the slide-valve volume-control

nished, or the control valve in the compressor piping.

6.4.2.5
driven equi
continuous

6.4.3 Inst
6.4.3.1

driven equi
purchaser’s
as specified
A lamp-test

6.4.3.2
reinforced,
minimize e
instruments
material.

6.4.3.3
purchaser's

The tull range of the specitied control signal corresponds to the required operating range, 0
bment. Unless otherwise specified, the maximum control signal shall correspond to the maxin
speed or the maximum flow.

rument and control panels

If specified, a panel shall be provided and shall include all panel-mounted._instruments for
pment and the driver. Such panels shall be designed and fabricated-in accordance with
description. The panel is to be freestanding, located on the base of the.unit or in another loca
. The instruments on the panel shall be clearly visible to the operater from the driver control p
push button shall be provided. The instruments to be mounted on the'panel shall be specified.

self-supporting and closed on the top and sides. If specified, the backs of panels shall be closg
ectrical hazards, to prevent tampering or to allow purging for safety or corrosion protection
shall be flush-mounted on the front of the panel andrall fasteners shall be of corrosion-resig

Panels shall be completely assembled, pipéd and wired, requiring only connection to
external piping and wiring circuits. If more-than one wiring point is required on a unit for contr

instrumentgtion, the wiring to each switch or instrument shall be provided from a single terminal box

terminal po
switches an
or supporte

6.4.3.4
shall be dis

6.4.4 |Inst

6.441 (

5ts. Each box shall be mounted on thecunit or its base, if any. All leads and posts on terminal st
d instruments shall be tagged for identification. Wiring inside panels shall be neatly run in cong
0 on cable trays.

Interconnecting piping, tubing or wiring for controls and instrumentation furnished by the ve
pssembled only to the extent necessary for shipment.

rumentation

eneral

For all instfumentstypes, the purchaser shall specify the hardware connection from the measurement f

through to t

he instrument.

the
hum

the
the
ion,
Dint.

Unless otherwise specified, panels shall be made of steel“plate at least 3 mm (1/8 in) thick,

d to
All
tant

the
bl or
with
rips,
uits

ndor

oint

6.4.4.2

achometers

If specified, a tachometer shall be provided for variable-speed units. The type, range and indicator provisions
shall be as specified. Unless otherwise agreed, the tachometer shall be supplied by the driver vendor and
shall be furnished with a minimum range of 0 % to 125 % of maximum continuous speed.

6.4.4.3

6.4.4.3.1

Vibration and position detectors

If specified, non-contacting vibration and axial-position transducers shall be supplied, insta

and calibrated in accordance with ANSI/API 670. See Figures B.3 and B.4.
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® 6.4.4.3.2 If specified, seismic-vibration transducers shall be supplied, installed and calibrated in
accordance with ANSI/API 670.

® 6.4.4.3.3 If specified, vibration, axial position and seismic monitors shall be supplied and calibrated in
accordance with ANSI/API 670.

6.4.4.4 Bearing temperature monitor

® |[f specified, a bearing-temperature monitor shall be supplied and calibrated in accordance with ANSI/API 670.
See Figures B.5 and B.6.

re monitoring

NOTE Due to size restrictions, there is the possibility of not being able to incorporate bearing-temperatu

on gmaller models of compressors. On oil-flooded screw compressors, bearing-temperature monitering might not be
pradtical.

6.4.4.5 Slide-valve position indicator

If sl

6.4.

Bn.6 Relief valves

de valves are supplied, instrumentation shall be provided to indicate the position of the slide vallve.

6.4.4.6.1 The vendor shall furnish the relief valves for installation/on equipment or piping that the vendor is
supplying. Other relief valves related to equipment or piping outside*the system that the vendor
shopld be furnished by the purchaser. The vendor's quotation shall list all relief valves and shall
that|{these valves shall be furnished by the vendor.

6.4.4.6.2 The sizing, selection and installation of relief valves shall meet the requirements

Part
pres

s supplying
tlearly state

of API 520,

s | and Il. Relief valves shall be in accordance with*API 526. The vendor shall determine the gize and set
sure of all relief valves within his scope of supply and recommend the size and setting of felief valves

supplied by others required to protect the equipment he supplies. Relief-valve sizes and settingg shall take
intoJaccount all possible modes of equipment.failure.
6.4.4.6.3 Unless otherwise specified, relief valves shall have steel bodies.
® 6.44.6.4 If specified, thermal relief valves shall be provided for accessories or cooling jackets [that can be
blogked in by isolation valves.
6.4.4.7 Compressor depressurization valve
® |[f specified, the vendor shall supply a depressurization valve installed in the piping system.
6.4.4.8 Shutdown isolation valves
® If specified,~the vendor shall supply shutdown isolation valves at both suction and discharge-gas|termination
poirjts-
NOTE Start-up with closed isolation valves might not be possible due to small enclosed volume or high settle-out
pressure.
6.44.9 Flow indicators
6.4.4.9.1 Flow indicators shall be furnished in each atmospheric oil-drain return line.
6.4.4.9.2 Unless otherwise specified, the flow indicator shall be
a) flanged,
b) of bulls-eye type with glass on both sides,
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c) of steel body construction,

d) of diameter not less than one half the inside diameter of the oil pipe,

e) capable of clearly showing the minimum oil flow.

To facilitate viewing of the flow of oil through the line, each flow indicator should be installed with its bulls-eye

glass in a vertical plane.

6.4.5 Alarms and shutdowns

6.4.5.1 (

6.4.5.1.1
parameters
parameters

6.4.5.1.2
Table 9.

eneral

Table 9 — Conditions requiring alarms only or alarms and\shutdowns

Condition

Axial position movement

Overspeed

Unit shutdown

Operation of spare lube-oil pump
Operation of spare seal-oil pump

High radial shaft vibration

High casing or bearing-housing vibration
High winding temperature

High bearing temperature

High compressor-discharge temperature
High gas differential pressure

High inletair-filter differential pressure
High\level on separators

High' lube-oil-filter differential pressure
High seal-oil-filter differential pressure
High thrust-bearing drain temperature
High or low lube-oil temperature

High or low lube-oil reservoir level

An alarm/shutdown system shall be provided that shall initiate an alarm if any one of the specijfied
reaches an alarm point and shall initiate shutdown of the equipment if any one of the specijfied
reaches the shutdown point.

The purchaser should specify the alarms and trips required, which may jnclude those listed in

6.4.5.1.3

52
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High or low seal-oil temperature

High or low seal-oil reservoir level
Low coolant flow to compressor jacket
Low buffer-gas pressure

Low lube-oil pressure

The vendor shall advise the purchaser of any additional alarms and/or shutdowns considered
essential to safeguard the equipment.
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6.4.5.1.4 The purchaser shall specify the extent to which this alarm/shutdown system is to be
the equipment vendor.

6.4.5.1.5 Unless otherwise specified, the necessary valving and switches or bridging links shall

-1:2007(E)

supplied by

be provided

to enable all instruments and other components, except shutdown-sensing devices, to be replaced with the
equipment in operation. If isolation valves are specified for shutdown-sensing devices, the vendor shall

provide a means of locking the valves in the open position.

6.4.5.2 Alarms

6.4

h21 It is accepted that with some systems particularly those based on conventional

irect-acting

insttuments, complete compliance with the requirements of 6.4.5.2.2 to 6.4.5.2.9 might not be achi

6.4.
dev

b.2.2 For every shutdown parameter, an alarm shall be provided with the alarm point set
ation from the normal condition than the associated shutdown point.

6.4.5.2.3
both

Any alarm parameter reaching the alarm point shall initiate an audible \warning or flas
, as specified. It shall be possible to determine which parameter initiated the.alarm.

6.4.5.24 Any shutdown parameter reaching the shutdown point shall_Cause the equipment tg
and| shall initiate an audible warning or a flashing light or both, as specified, which shall be dis
fronp those associated with an alarm. It shall be possible to determine which parameter initiated the

6.4.
sha

5.2.5 If any component of the alarm/shutdown system alfunctions, an alarm shall be i
| be distinguishable from alarms resulting from malfunction.ef the equipment.

E To accomplish this, redundant sensors can be requifed.

If a non-fail-safe system is specified, a failure that results in the system being unable {
larm condition shall also result in all other alarms and shutdowns remaining functional.

6.4.5.2.8 It shall be possible_to test every component of every alarm function while the equ
opefation. Such testing shall het require the disarming of any shutdown function.

6.4.5.2.9
valve, etc.), it shalldbe-possible to test every component of every shutdown function while the equ
opefation. The testing of components associated with a shutdown function shall not require disar
othgr shutdownfunction nor any alarm function.

NOTE 1 This allows all alarms to be bypassed during testing of switches.

bvable.

at a lesser

hing light or

shut down
inguishable
shutdown.

hitiated and

g unable to
be initiated.
nt (fail-safe

0 recognize

pment is in

With the exception of the final shutdown device (circuit breaker, steam trip and throttl¢ valve, fuel

ipment is in
ming of any

NOTE 2 To accomplish this, redundant sensors can be required.

6.4.5.3 Event recorder

If specified, the alarm/shutdown system shall incorporate an event recorder to record the order of
of alarms and shutdowns.

NOTE The special-event recorder normally associated with a distributed control system (DCS) migh
sufficiently fast scanning rate.
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6.4.5.4 Annunciator

6.4.5.4.1 If specified, the alarm/shutdown system shall incorporate a first-out annunciator facility to indicate
which parameter first reached the alarm level and which parameter first reached the shutdown level, in the
event that multiple alarms and/or shutdown result from a single initial event. Where this facility is not
incorporated as part of an integrated control and monitoring system, a separate annunciator instrument shall
be provided.

6.4.5.4.2 If a first-out annunciator feature is specified, whether as a separate instrument or incorporated
into an integrated control and monitoring facility, the sequence of operation shall be as follows.

a) The firdt parameter to reach alarm or shutdown shall cause the flashing of a light and the sounding gf an
audiblg device.

b) The algrm or shutdown condition shall be acknowledged by operating an alarm-silencing butfon common
to all alarms and shutdowns.

¢) When the alarm or shutdown is acknowledged, the audible device shall be silenced but the light ghall
remain|steadily lit as long as that alarm or shutdown condition exists.

d) If another parameter reaches an alarm or shutdown level, the light shall return to the flashing condjtion
and thHe audible device shall sound, even if the previous alarm/shutdown condition has Heen
acknowledged but still exists.

6.4.5.4.3 | If the first-out annunciator feature is provided by a separate instrument, this shall be mounted on

a local pangl. There shall be approximately 25 % spare points andseparate connections shall be provided for
remote indigation if any alarm operates or any shutdown operates;

6.4.5.5 Alarm and trip devices

6.4.5.51 |General
The purchager should specify whether individual:alarm and trip devices are transmitters or switches.

NOTE A transmitter is an instrument thatysends the value of the measured variable signal to a remote end deyice,
which takes @ppropriate action (e.g. alarm relay; display, process control computer).

6.4.5.5.2 |Locally-mounted switch initiation

6.4.5.5.2.1 If alarm or_shutdown functions are initiated by locally-mounted switches, each alarm switch
and each shutdown switehy _except as noted in 6.4.5.5.2.7 and 6.4.5.5.2.8, shall be furnished in a sepdrate
housing locpted to facilitate inspection and maintenance.

6.4.5.5.2.2 Hermetically-sealed, single-pole, double-throw switches with a minimum capacity of 5 A at
120 V AC and @,5(A at 120 V DC shall be provided. Mercury switches shall not be used.

6.4.5.5.2.3 The purchaser shall specity whether switches shall be connected 1o open (de-energize) or
close (energize) to initiate alarms and shutdowns.

6.4.5.5.2.4 Alarm and trip switches shall not be adjustable from outside the housing.
6.4.5.5.2.5 Housings for alarm and shutdown switches shall comply with the requirements of 6.4.6.2.
6.4.5.5.2.6 The sensing elements of pressure switches shall be of stainless steel (AISI Standard

Type 300 stainless steel). Low-pressure switches, which are actuated by falling pressure, shall be equipped
with a pressure gauge, valved bleed or vent connection or, if specified, a double-block and bleed connection,
to allow controlled depressurizing during testing. High-pressure switches, which are activated by rising
pressure, shall be equipped with a valved test connection so that a portable pump can be used to raise the
pressure during testing. The arrangement used should be specified by the purchaser.
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6.4.5.5.2.7 Temperatures shall be measured by thermocouples or resistance temperature detectors, as
specified, and shall be connected to local panel-mounted instruments. Multipoint instruments may be used
except that alarms and shutdowns shall be connected to separate instruments and separate alarm or
shutdown contacts (switches) shall be provided for each temperature monitored. Each alarm and shutdown
level shall be separately adjustable.

6.4.5.5.2.8 Vibration and/or axial position switches shall be provided by instruments complying with the
requirements of ANSI/API 670; see 6.4.4.3.

6.4.5.5.2.9 Level switches shall be of the float or displacer type mounted in separate enclosures that can
be isolated from the associated vessel. Valved test connections shall be provided to enable the level to be

artif

6.4.

cially raised or lowered as necessary to test the function of the switch.

b Electrical systems

6.4.6.1 Electrical systems shall be in accordance with ISO 10438-1.

NOTE For the purposes of this provision, APl 614-99, Chapter 1, is equivalent to ISQ©10438-1.

6.4.6.2 To guard against accidental contact, enclosures shall be provided for all terminal stfips, relays,
swifches and other energized parts. Electrical power wiring shall be“segregated from instfument and

con
be

pro
potd
equ

6.5

6.5.

6.5.
and
cod
prog
ASN

6.5.
valy
indi

6.5.
loca
skid
are
the

rol-signal wiring both externally and, as far as possible, inside enclosures. Inside enclosures
equired to be opened with the equipment in operation, (e.g~fér alarm testing or adjustme
ided with secondary shields or covers for all terminal strips)and other exposed parts carryi
ntial in excess of 50 V. Maintenance access space shall be provided around or adjacent
pment or in accordance with the appropriate code, such<as NFPA 70:2005, Article 110.

Piping

1 General

1.1 Piping design, joint fabrication,examination and inspection shall be in accordance wit
standards specified or, where no-cddes or standards have been specified, the appropriate
bs and standards. Welding of piping shall be performed by operators who are qualified
edures qualified in accordancé with the specified or internationally recognized stan
IE B31.3 and Section IX ofthe ASME Code.

1.2 Piping systems'shall include piping, tubing where permitted, isolating valves, control V
es, pressure reducets, orifices, temperature gauges and thermowells, pressure gauges
cators and all related vents and drains.

1.3 The,vendor shall furnish all piping systems as specified, including mounted apq
ted withif the confines of the main unit's skid-base area, any oil-console-base area, or 4
-base area. The piping shall terminate with flanged connections at the edge of the skid base.

purchaser. The purchaser should furnish only interconnecting piping between equipment grg

;

. which can
t), shall be
g electrical
to electrical

h the codes
recognized
and using
dards, e.g.

alves, relief
sight flow

urtenances
ny auxiliary
f soleplates

specified for the equipment train, the extent of the piping system at the equipment train shall bg defined by

upings and

off-sKid-base facilities.

6.5.1.4

The design of piping systems shall achieve the following:

proper support and protection to prevent damage from vibration or from shipment, operation and

maintenance;

b) proper flexibility and adequate accessibility for operation, maintenance and thorough cleaning;

c) installation in a neat and orderly arrangement adapted to the contours of the equipment without
obstructing access areas;
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d) elimination of air pockets by the use of valved vents or the use of non-accumulating piping arrangements;

e) complete drainage through low points without disassembly of piping.

6.5.1.5

Piping shall preferably be fabricated by bending and welding to minimize the use of flanges

and

fittings. Flanges are permitted only at equipment connections, at the edge of any base and for ease of
maintenance. The use of flanges at other points is permitted only with the purchaser's specific approval. Other
than tees and reducers, welded fittings are permitted only to facilitate pipe layout in congested areas.
Threaded connections shall not be used except (with the purchaser's approval) where essential for space or
access reasons. Pipe bushings shall not be used.

6.5.1.6

6.5.2 Auxiliary systems piping

Unless othg

NOTE 1 A

Unless othg
stainless st
by the purc

NOTE2 1
typically carl

6.5.3 Inst

Unless othg

NOTE A

6.54 Pro

6.5.4.1
specified.

6.5.4.2

6.5.4.3

pulsation s
expansion j
the vendor

6.5.4.4
and the se

Pipe plugs shall be in accordance with 5.3.6.

rwise specified, the auxiliary systems piping shall be in accordance with ISO 10438.

or the purposes of this provision, APl 614 is equivalent to ISO 10438.

rwise specified, oil-supply piping and tubing, including fittings (excludiag;slip-on flanges), sha
pel. For oil-flooded screw compressors, the material of piping upstreanmof oil filters shall be ag

naser and the vendor.

[he material of the oil separator and piping upstream of oil filters i oil<flooded screw-compressor syster
on steel.

rument piping

rwise specified, the instrument piping shall be in-accordance with ISO 10438.
or the purposes of this provision, APl 614 is equivalent to ISO 10438.

Cess piping

The extent of, and requirements for, process piping to be supplied by the vendor shal

The requirements of 6:5.1 shall apply to process piping supplied by the vendor.

If specified, thevendor shall review the design of all piping, appurtenances and vessels

Ippression devices, intercoolers, aftercoolers, separators, knockout drums, air-intake filters
pints) and supports immediately upstream and downstream of the equipment. The purchaser
shall agreé on the scope of this review.

| be
eed

ns is

be

e.g.
and
and

minimum sl

6.6 Inter

6.6.1
compressio

coolers and aftercoolers

n stage.

6.6.2 The purchaser shall specify whether aftercoolers shall be furnished by the vendor.

56

rge

parator vessel shall be sized to run no more than half-full of liquid and shall be designed with a

For flooded screw compressors, the interconnecting piping between the compressor dischF

If specified, the vendor shall furnish a water-cooled shell-and-tube intercooler between each
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® 6.6.3 Water-cooled shell-and-tube intercoolers and aftercoolers shall be designed and constructed in
accordance with TEMA class C or R, as specified by the purchaser on the datasheets. Intercoolers and
aftercoolers shall be furnished in accordance with the specified pressure design code. If TEMA class R is
specified, the heat exchanger shall be in accordance with ISO 16812.

NOTE For the purposes of this provision, ANSI/API 660 is equivalent to ISO 16812.

CAUTION — Heat exchangers and their supporting structures are susceptible to pulsation-induced
vibration.

6.6.4 Unless otherwise approved by the purchaser, intercoolers and aftercoolers shall be constructed and
arrgnged to allow removal of tube bundles without dismantling piping or compressor components.|(Water shall
be g@n the tube side.

6.6.p Fixed-tube sheet exchangers shall have inspection openings into their gas passages. Rypture disks
on the shell side (to protect the shell in case of tube failures) shall be used only when &pecifically gpproved by
the purchaser.

6.6.6 If air coolers are specified, they shall be in accordance with ISO 13706,
NOTE For the purposes of this provision, ANSI/API 661 is equivalent to ISQ 13706.

6.6.f Unless otherwise specified, air-cooled heat exchangers used for intercoolers shall have automatic
temperature control. This control may be accomplished by,“\means of louvers, variable-gpeed fans,
varigble-pitch fans, bypass valves or any combination of these. It\is for the purchaser to approve the proposed
confrol systems.

6.6.B Unless otherwise specified, double-pipe intercoolers and aftercoolers may be furnished. A finned
douple-pipe design may be furnished only when spegifically approved by the purchaser.

® 6.6.p Intercoolers shall be either machine-mounted or separately mounted, as specified.
® 6.6.10 Materials of construction shall be these specified on the datasheets.

6.6.11 If condensate separation and collection facilities are furnished by the vendor, they shall|include the
follgwing:

a) |automatic drain trap with.a)manual bypass;
b) |armoured gauge glass with isolation valves and blowdown valves on the collection pot;
c) |separate connéctions and level switches for a high-level alarm and trip on the collection pot;

d) |collection~pots sized to provide an agreed-upon holding capacity and a 5 min time span hetween the
high-levelMalarm and trip, based on the expected normal liquid-condensation rate.

® 6.6.12- If 'specified, the vendor shall furnish the fabricated piping between the compressor istages and
between the intercoolers and aftercoolers. Interstage piping shall conform to ISO 15649

NOTE ISO 15649 incorporates ANSI/ASME B31.3 by normative reference.

6.7 Inlet air filters

6.7.1 Unless otherwise specified, the vendor shall furnish dry-type multistage high-efficiency air-intake
filters for air compressors taking suction from the atmosphere. High-efficiency filters shall be capable of
removing 97 % of particles 1 um (0,004 in) or larger over the inlet capability range. The maximum clean-filter
pressure drop shall not exceed 1,2 kPa (0,012 bar; 5,0 in w.g.).
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6.7.2 Air-inlet filters shall be suitable for mounting outdoors, preferably at grade, and shall be provided with
a weather hood or louvers. For plant locations subject to unusual conditions, such as sandstorms, the inlet to
the filter may be elevated some distance above the compressor.

6.7.3 Each filter shall be provided with a differential-pressure-indicating transmitter or a differential-pressure
indicator and switch, as specified.

6.7.4 Filters shall be designed such that the first-stage (pre-filter) elements may be changed while the unit
is operating.

It should be recognized that many configurations and arrangements are available. If specific filter features are
desired, thgse shall be in the purchaser’s inquiry specifications or datasheets.

6.7.5 Unless otherwise specified, an inorganic zinc or hot-dipped galvanized coating is required for-the filter
frame and iplet piping.

6.8 Inlet|separators

6.8.1 The purchaser shall advise the manufacturer of the quantity and type of any entrained liquid(g) or
solid particles in the process gas stream.

NOTE 1 $olids not removed by the inlet separator pass through the oil-flooded ‘screw compressor, collect il the
discharge gas/oil separator and have the possibility of damaging the compressor’s-oil\pump, rotor housing and rotors.

NOTE 2 $ome contaminants, especially catalytic metal particles like iron,Nincrease the rate of oil oxidation and have
the possibilify of stripping the oil of its polar additives (i.e. anti-wear andrextreme-pressure additives, plus rust|and
oxidation inh|bitors and dispersants).

6.8.2 If specified, the vendor shall furnish a high-efficieney inlet separator for installation upstream of| the
compressof, to remove free liquids and solid particles fromdhe process gas stream.

NOTE 1 free liquids can excessively dilute the recirculated oil stream, particularly at start-up or upset conditions.

NOTE 2 free liquids can carry dissolved solids\that plate out due to evaporation from inlet pressure drop|and
compression| heat.

NOTE 3 Many solid particles are best reMoved in the inlet separator with the separated liquids.

6.8.3 If gn inlet filter/separator~is- specified, a differential pressure indicator and alarm switch shal|l be
provided agross the filter(s).

It should bg recognized that many configurations and arrangements are available. If specific filter featureg are
desired, thgse should be in the purchaser’s inquiry specifications or datasheets.

6.8.4 Unless ottierwise specified, AISI 300 series stainless steel or monel 12), vane- or mesh-type dem|ster
shall be fufnished. If furnished, mesh-type demisters shall be supported upstream and downstream of the
mesh mate,lial.

6.9 Pulsation suppressors/silencers for dry screw compressors

6.9.1 The requirement for, and the scope of, an analysis of pulsation and noise suppression shall be agreed
between the purchaser and the vendor.

NOTE 1 When designing the compressor and piping system, consider the entire operating range, including the entire
speed range in variable-speed applications, range of temperatures, pressures and variation of the gas conditions as well
as intermittent operating conditions with purge gas.

12) Monel is an example of a suitable product available commercially. This information is given for the convenience of
users of this part of ISO 10440 and does not constitute an endorsement by ISO of this product.
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NOTE 2 In screw compressor systems, the flow of gas is not steady, but moves through the piping in a series of flow
pulses that are superimposed upon the steady (average) flow. The characteristics of the flow pulses are determined by the
size and the operating conditions of the compressor (displacement, speed, rotors, pressures, etc.). The mechanical and
acoustical response from the piping system is a function of the amplitude and frequencies of the pulses, the thermo-
physical properties of the gas and the piping system’s characteristics (layout, supports, natural frequencies, etc.).

NOTE 3  Screw compressors generate pulses that often are three-dimensional. Moreover, high frequencies combined
with large-diameter vessels or piping make circumferential modes more important to consider.

6.9.2 Unless otherwise specified, inlet and exhaust pulsation suppressors/silencers for each casing shall be
supplied by the compressor manufacturer. Their primary function shall be to provide the maximum practical

redyction—of plllcnhnnc in-the 'Frnr_'_\lllnnr\y range of audible sound without nvr\nnr‘llng the prnccllre_drop limit

spetified in 6.9.3.

6.9.8 Unless otherwise agreed, the pressure drop through the pulsation suppressors/silencefs shall not
exceed the following values:

a) ([for suction silencers: 1 % of the absolute pressure at the pulsation suppressor/silencer inlet;
b) [for discharge silencers: 2,5 % of the absolute pressure at the pulsation"suppressor/silencer discharge.

The| pressure drop shall be stated in the datasheets and shall be accounted for in the calculation gf the power
required.

In the case of low-pressure and vacuum applications, the pressure’drop may exceed the 1 % limif to achieve
the hecessary pulse attenuation.

NOTE For machines with widely varying operating conditiens (e.g. speed, relative molecular mass of the gas), the
aboye-mentioned limits might not be achievable in all cases.

6.9.8 The peak-to-peak pulsation levels, p.,, €xpressed as a percentage of the mean line-sifle absolute
pregsure, on the process piping side of the inlet\and discharge silencers shall not exceed 2 % of the mean line

absplute pressure or the value calculated ‘from Equation (3), expressed in Sl units, and Hquation (4),
explessed in USC units, whichever is the §maller:

Pop = 28,6/ Py (3)

113
Ppp = 15/ Py (4)

where Py, is the absolyte mean line-side pressure, expressed in kilopascals (pounds per square ifch).

6.9.p Pulsation suppressors/silencers shall be oriented with respect to the compressor flanges jas mutually
agreed by thé purchaser and vendor.

NOTE Maximum silencer efficiency results from mounting the pulsation suppressors/silencers directly on the
compressor flanges.

6.9.6 Pulsation suppressors and silencers should be of the externally lagged type. Alternative types may be
considered, but full details of the proposed alternative type shall be submitted with the proposal.

6.9.7 Unless otherwise agreed, diffusers or devices that split the gas flow through small orifices shall not be
used in applications where contaminants present in the gas stream can build up to ultimately obstruct the flow.
However, if used, such devices should be easily accessible for cleaning.

6.9.8 If specified, the pulsation suppressor/silencer vendor shall supply detailed drawings to permit an

independent study of the acoustical characteristics of the pulsation suppressor/silencers together with the
purchaser’s piping system.
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6.9.9 The minimum corrosion allowance for carbon steel shells shall be 3 mm (1/8 in). If corrosive gases
require the use of materials other than carbon steel, the material and any required corrosion allowance shall
be specified by the purchaser. The purchaser shall specify on the datasheet the corrosion allowance for
carbon-steel or non-carbon-steel material for the specific gas that is being compressed. The thickness for
non-carbon-steel shell material shall be equal to or greater than the thickness required for carbon steel,
including the carbon-steel corrosion allowance. Internals shall have a minimum thickness of 6 mm (0,25 in).

6.9.10 Pulsation suppressors/silencers shall be in accordance with the specified pressure design code and
shall be suitable for not less than the specified relief valve setting. In addition to being designed for static
conditions, the pulsation suppressors/silencers shall be designed for dynamic loads, considering the service

cycles over

the expected life of the vessel and the pulsing load characteristic.

6.9.11 All

elds shall be continuous full penetration.

6.9.12 A ON 20 (NPS 3/4) pressure-test connection shall be provided at each pulsation suppressor/sile
inlet and optlet nozzle. A DN 25 (NPS 1) minimum external-drain connection shall be provided for g
compartmept where liquids can collect while the compressor is in service. Where individual compartn
drains are |mpractical and bulkheads extend to the vessel wall, circular-notched openifigs in the bulkhe
may be us¢d with the purchaser’s approval. The arrangement of internals shall ensure that liquids flo

hcer
ach
hent
ads
v to

drain conngctions under all operating conditions. The effect of drain openings on-silenhcer performance shall
be considered.
6.9.13 Unless otherwise specified, the inlet nozzle of the inlet pulsation suppressor/silencer and|the

discharge 1
(NPS 1) co
and thermo

ozzle of the discharge pulsation suppressor/silencer shall be provided with two flanged DN
hnections located to permit, without interference, the purchaser’s installation of dial thermomg
wells for high-temperature alarm or shutdown elements.

6.9.14 Connections DN 40 (NPS 1-1/5) and smaller shall be gifsseted in two planes to avoid breakage dy

pulsation-in

6.9.15 Unl

duced vibration.

ess otherwise specified by the purchaser, all“main connections to pulsation suppressors/silen

N 25
ters

eto

cers

shall be flanged.

6.9.16 If specified, inspection openings of size’DN 150 (NPS 6), complete with blind flanges and gaskets,
shall be prgvided for access to each compartmént. DN 100 (NPS 4) inspection openings may be provided on
vessels lesg than 500 mm (20 in) in diameter.

NOTE Inspection openings might not be practical on some silencer designs.

6.9.17 Side-entering main nozzlé connections shall be reinforced with pad-type metal providing a metal area
equal to thg cutaway area (excluding the thickness of any metal present in the connection wall).

6.9.18 Construction shall be suitable for service in an outdoor location. If specified, insulation mounting ¢lips
on pulsation suppressors/silencers shall be provided. All connections and nameplates shall be unobstrugted
by the insulption.

6.10 Specialtools

6.10.1 If special tools or fixtures are required to disassemble, assemble or maintain the equipment, they shall

be included in the quotation and furnished as part of the initial supply of the equipment. For multiple-unit
installations, the requirements for quantities of special tools and fixtures shall be agreed between purchaser
and vendor. These or similar special tools shall be used and their use demonstrated during shop assembly
and post-test disassembly of the equipment.

6.10.2 If special tools are provided, they shall be packaged in a separate, rugged metal box or boxes and
shall be marked “special tools for (tag/item number)”. Each tool shall be stamped or tagged to indicate its
intended use.
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7 Inspection, testing and preparation for shipment

7.1 General
7.1.1 The purchaser should specify the extent of participation in the inspection and testing.
7.1.2 If specified, the purchaser's representative, the vendor's representative, or both, shall indicate

compliance in accordance with an inspector’s checklist (such as that provided in Annex H) by initialling, dating
and submitting the completed checklist to the purchaser before shipment.

71 2 A £ ol i ' + +lo <l 4lo o J tadi laall lo ry rs II d
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and|sub-vendor plants where manufacturing, testing or inspection of the equipment is in progress.
7.1.4 The vendor shall notify sub-vendors of the purchaser’s inspection and testing requirements.

7.1.p If shop inspection and testing have been specified, the purchaser and the\vendor shal| coordinate
manufacturing hold points and inspectors’ visits.

7.1.6 The purchaser should specify the amount of advance notification required for a witnessed pr observed
insgection or test.

7.2| Inspection

7.21 General

72011 The vendor shall keep the following data available for at least 20 years:

a) |necessary or specified certification of materials,~such as mill test reports;

b) |test data and results to verify that the requirements of the specification have been met;

c) |fully identified records of all heat treatment, whether performed in the normal course of manufacture or as
part of a repair procedure;

d) [results of quality control testStand inspections;
e) |details of all repairs;
f) |if specified, final assembly maintenance and running clearances;

g) |other data_specified by the purchaser or required by applicable codes and regulations; see 4.4 and
8.3.1.1.

7.2/1.2 Pressure-containing parts shall not be painted until the specified inspection and tepting of the
parts is.complete.

NOTE Some materials can require painting with primer to prevent corrosion.
7.21.3 In addition to the requirements of 5.11.4.1, the purchaser may specify the following:
a) parts that shall be subjected to surface and subsurface examination;

b) type of examination required, such as magnetic-particle, liquid-penetrant, radiographic or ultrasonic
examination.

© IS0 2007 — Al rights reserved 61


https://standardsiso.com/api/?name=554835d8bed42ba9170d22ff9defc078

ISO 10440-1:2007(E)

7.2.2 Material inspection

7.2.21

7.2.211

7.2.2.5.2.

NOTE

General

When radiographic, ultrasonic, magnetic-particle or liquid-penetrant inspection of welds or
materials is required or specified, the criteria in 7.2.2.2 to 7.2.2.5 shall apply unless other corresponding
procedures and acceptance criteria have been specified. Cast iron may be inspected only in accordance with
7.2.2.4 and/or 7.2.2.5. Welds, cast steel and wrought material shall be inspected in accordance with 7.2.2.2 to

Radiographic and ultrasonic inspection are not appropriate for cast iron

7.221.2
the general

72213
the quality §

7.22.2 K

7.2.2.21

7.2.22.2

Section VI
The accept]
Appendix 7

7223 U

7.2.2.3.1
7.2.2.3.2

Section VIII
the pressur

The vendor shall review the design of the equipment and shall impose more stringent criteria
zed limits required in the other subclauses of 7.2.2, if necessary.

Defects that exceed the limits imposed in the other subclauses of 7.2.2 shall be,femoved to n
tandards cited, as determined by the inspection method specified.

Radiography

Radiography shall be in accordance with ASTM E94.

The acceptance standard used for welded fabrications shall ' be the pressure design code
Division 1, UW-51 (for 100 % radiography) and UW-52 (for‘spot radiography) of the ASME Cqd

hnce standard used for castings shall be the pressure design code (e.g. Section VI, Divisid
of the ASME Code).

Jltrasonic inspection
Ultrasonic inspection shall be in accordance-with Section V, Articles 5 and 23, of the ASME C
The acceptance standard used for welded fabrications shall be the pressure design code

Division 1, Appendix 12, of the ASME Code). The acceptance standard used for castings sha
e design code (e.g. Section VIII, Division 1, Appendix 7, of the ASME Code).

han

heet

e.g.
de].
ni1,

bde.

be

Hing

7.2.2.4 Magnetic-particle inspection
Both wet and dry methods of magnetic-particle inspection shall be in accordance with ASTM E709, accor
to the typeq given in Table 10.

Table 10 — Maximum severity of defects in castings

Type Defect Maximum severity level

| Linear discontinuities 1

H Shrinkage 2

] Inclusions 2

\Y Chills and chaplets 1

\% Porosity 1

Vi Welds 1
7.2.2.5 Liquid-penetrant inspection
7.2.2.51 Liquid-penetrant inspection shall be in accordance with Section V, Article 6, of the ASME Code.
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7.2.2.5.2 The acceptance standard used for welded fabrications shall be the pressure design code
(e.g. Section VIII, Division 1, Appendix 8, of the ASME Code) and Section V, Article 24, of the ASME Code.
The acceptance standard used for castings shall be the pressure design code (e.g. Section VIII, Division 1,
Appendix 7, of the ASME Code).

7.2.3 Mechanical inspection

7.2.31 During assembly of the equipment, each component (including integrally cast-in passages) and
all piping and appurtenances shall be inspected to ensure they have been cleaned and are free of foreign
materials, corrosion products and mill scale.

7.28.2 All oil-system components furnished shall meet the cleanliness requirements of ISO1(438.
NOTE For the purposes of this provision, APl 614 is equivalent to ISO 10438.

7.2B.3 If specified, the purchaser may inspect the equipment and all piping‘and appurt¢nances for
clegnliness before heads are welded onto vessels, openings in vessels or exchangers are closed|or piping is
fina|ly assembled.

7.28.4 If specified, the hardness of parts, welds and heat-affected zones-shall be verified as peing within
the Jallowable values by testing. The method, extent, documentation and-witnessing of the testing shall be
mutpally agreed upon by the purchaser and the vendor.

7.3| Testing

7.3.1 General

7.3.01.1 Equipment shall be tested in accordance\with 7.3.2 and 7.3.3. Other tests that may Ibe specified
by the purchaser are described in 7.3.4.

7.3.01.2 At least six weeks before thefirst scheduled running test, the vendor shall supmit to the
pur¢haser, for his review and comment, detailed procedures for the mechanical running test and all specified
optipnal running tests (see 7.3.4), including acceptance criteria for all monitored parameters.

7.3.1.3 The vendor shall notify the purchaser not less than five working days before the date the
equjpment is ready for testing. (f the testing is rescheduled, the vendor shall notify the purchaser njot less than
five|working days before the hew test date.

7.3.2 Hydrostatic tests

7.3.21 The {pressure-containing parts of the compressor casing shall be tested hydrogtatically in
accprdance with~ASTM E1003, with liquid at a minimum of 171/5 times the maximum allowable working
pregsure but'not less than a gauge pressure of 150 kPa (1,5 bar; 20 psi). The test liquid shall be|at a higher
temperature-than the nil-ductility transition temperature of the material being tested.

NOTE™ The nil-ductility temperature is the highest temperature at which a material experiences complete brittle
fracture without appreciable plastic deformation.

NOTE 2  For gas-pressure-containing parts, the hydrostatic test is a test of the mechanical integrity of the component
and is not a valid leakage test.

7.3.2.2 If the part tested is to operate at a temperature at which the strength of a material is below the
strength of that material at the testing temperature, the hydrostatic test pressure shall be multiplied by a factor
obtained by dividing the allowable working stress for the material at the testing temperature by that at the
maximum allowable temperature. The stress values used shall conform to those given in ANSI/ASME B31.3
for piping or in the specified pressure design code for vessels. The pressure thus obtained shall then be the
minimum pressure at which the hydrostatic test shall be performed. The datasheets shall list actual hydrostatic
test pressures.
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Applicability of this requirement to the material being tested should be verified before hydrotest, as the
properties of many grades of steel do not change appreciably at temperatures up to 200 °C (400 °F).

7.3.2.3

The chloride content of liquids used to test austenitic stainless steel materials shall not exceed
50 mg/kg (50 parts per million by mass). To prevent deposition of chlorides on austenitic stainless steel as a
result of evaporative drying, all residual liquid shall be removed from tested parts at the conclusion of the test.

NOTE Chloride content is limited in order to prevent stress corrosion cracking.

7.3.24 Tests shall be maintained for a sufficient period of time to permit complete examination of parts
under pressure. The hydrostatic test shall be considered satisfactory when neither leaks nor seepage through
the pressule—containing parts or joints are observed for a minimum of 30 min. Large, heavy, pressure-
containing parts or complex systems can require a longer testing period as agreed upon by the purchaser|and
the vendor.

Gaskets uged during hydrotest of an assembled casing shall be of the same design as sUpplied with| the
casing.

7.3.3 Meghanical running test

7.3.31 Requirements prior to the mechanical running test

7.3.3.1.1 | The contract shaft seals and bearings shall be used in the fmachine for the mechanical runhing
test.

7.3.3.1.2 | All oil pressures, viscosities and temperatures shall ‘be within the range of operating values
recommended in the vendor’s operating instructions for the specific unit being tested. For pressure-lubricgtion
systems, oil| flow rates for each bearing housing shall be measured.

7.3.3.1.3 |Test-stand oil filtration shall be 10 um-{(f > 200) (see 5.10.3.2). QOil-system compongnts
downstream of the filters shall meet the cleanliness requirements of ISO 10438 before any test is started.
NOTE For the purposes of this provision, APl 644.is equivalent to ISO 10438.

7.3.3.1.4 | Bearings intended to be lubricated by an oil-mist system shall be pre-lubricated.

7.3.3.1.5 | Alljoints and connections shall be checked for tightness and any leaks shall be corrected.
7.3.3.1.6 | All warning, protective-and control devices used during the test shall be checked and adjusted as
required.

7.3.3.1.7 | Testing with the contract coupling or couplings is preferred.

7.3.3.1.8 | The vibration characteristics determined by the use of the instrumentation specified in 7.3.3.1]9 to
7.3.3.1.11 dhalkserve as the basis for acceptance or rejection of the machine (see 5.7.3.6).

7.3.3.1.9 S;IUIJ i.Ub‘L fdbiiilibb bi Id“ illbiuulc i.ilU bdpdlulili.y Ulr bciblllib IIIUII“.UIiIIg Ui' bdbillg ViIUIdi.iUII.

Seismic-vibration data should be recorded in horizontal and vertical directions, at radial planes transverse to
each bearing centreline and also in the axial direction, using shop instrumentation during the test.

NOTE Compressor-equipment configuration can limit measuring device location.

7.3.3.1.10 All purchased vibration proximity probes, cables, oscillator-demodulators and seismic probes
shall be in use during the test. If vibration probes are not furnished by the equipment vendor, or if the

purchased probes are not compatible with shop readout facilities, then shop devices and readouts that meet
the accuracy requirements of ANSI/API 670 shall be used.
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7.3.3.1.11 If vibration proximity probes are specified and supplied, 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.

7.3.3.2

7.3.3.21

7.3.3.2.2

min

Speed requirements for the mechanical running test

Variable-speed equipment shall be operated at speed increments of approximately
mum allowable Qpnnd to the maximum continuous annnri and run at the maximum continuou

The mechanical running test shall be run at maximum continuous speed for a minimum of 4 h.

10 % from
speed until

bea
NOT

7.3.
equ

7.3.
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7.3.

7.3.
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7.3.
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harfonics, exceeds 20 % of the allowable overall vibration as defined in Table 4 or Table 5, or
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and

NOT
othe

NOT
the

7.3.
and

rings, lube-oil temperatures and shaft vibrations have stabilized.

E Operating below minimum allowable speed damages the equipment.
B.2.3 The speed for variable-speed equipment shall be increased to trip speed (see Tablg
pment shall be run for a minimum of 15 min.

B.2.4  The speed for variable-speed equipment shall be reduced to thermaximum continuoug
equipment shall be run continuously for 4 h.

3.3 Requirements during the mechanical running test

3.3.1 During the mechanical running test, the mechanical{operation of all equipment being
operation of the test instrumentation shall be satisfactory:"The measured vibration shall not
s specified in Table 4 or Table 5, as applicable, and_shall be recorded throughout the oper
e.

B.3.2  While the equipment is operating at.maximum continuous speed and at other speed
n specified in the test agenda, a spectrum analysis shall be made for vibration amplitudes at
r than synchronous. As a minimum, this Spectrum analysis shall cover a frequency range f
hes the maximum continuous speedsbut not more than 90 000 cycles per minute (1 500
litude of any discrete, non-synchroneus vibration, excluding the frequency of the other r

wable overall vibration in the case of the pocket-passing frequency (PPF) and its harmonics, th
the vendor shall agree on requirements for any further investigation, which may include additio

E1 For screw compressors, vibration at pocket-passing frequency and its harmonics, or at the freg
r rotor and its harmonics,~are common and can constitute the major part of the total vibration level as limi

E 2  For highyibration at the PPF or its harmonics, this additional testing can require closed-loop testi
ontract relative molecular mass.

B.3.3 _“f\specified, all real-time vibration data as agreed by the purchaser and vendor shall
a copy-provided to the purchaser.

7.3

2) and the

speed and

tested and
exceed the
hting speed

s that have
frequencies
rom 0,25 to
Hz). If the
ptor and its
75 % of the
b purchaser
nal testing.

uency of the
ted in 5.7.3.6.

hg simulating

be recorded

34 If specified, lube-oil and seal-oil inlet pressures and temperatures shall be varied

hrough the

range permitted in the operating manual. This shall be done during the 4 h test.

7.3.3.4

7.3.3.41

Requirements after the mechanical running test is completed

If replacement or modification of bearings or seals or dismantling of the case to replace or modify

other parts is required to correct mechanical or performance deficiencies, the initial test is not acceptable and
the final shop tests shall be run after these deficiencies are corrected.

7.3.3.4.2

If spare rotors are ordered to permit concurrent manufacture, each spare rotor set s

given a mechanical running test in accordance with the requirements of this part of ISO 10440.
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7.3.3.4.3  After the mechanical running test is completed, each completely assembled compressor casing
intended for toxic, hazardous, flammable or hydrogen-rich service, or when specified for other gases, shall be
tested as specified in 7.3.3.4.4 and 7.3.3.4.5.

7.3.3.4.4 The casing (including end seals) shall be pressurized with an inert gas to the maximum sealing
pressure or the maximum seal design pressure (as agreed by the purchaser and the vendor), held at this
pressure for a minimum of 30 min and subjected to a soap-bubble test or another approved test to check for
gas leaks. The test shall be considered satisfactory if no casing or casing joint leaks are observed.

Test-gas relative molecular mass should approximate contract-gas relative molecular mass. Helium for low
relative-molecular-mass contract gas and nitrogen or R22 refrigerant gas for high relative molecular mass
should be considered.

7.3.3.4.5 |The casing (with or without end seals installed) shall be pressurized to the ratedydischarge
pressure, held at this pressure for a minimum of 30 min and subjected to a soap-bubble test Or angther
approved method to check for gas leaks. The test shall be considered satisfactory if no casing\6r casing joint
leaks are obpserved.

NOTE The requirements of 7.3.3.4.4 and 7.3.3.4.5 can necessitate two separate tests.

7.3.3.5 Heat run

7.3.3.5.1 For dry screw compressors, a heat run shall be performed prior to the 4 h mechanical test run.
The comprgssor shall be run at the maximum continuous speed, with the‘discharge temperature stabilized at
the maximym operating temperature at any of the specified operating conditions plus 11 K [20 R'3)] fpr a
minimum of 30 min.

NOTE 1 Heat-run temperature relates to the actual operating temperature at specified conditions, not relief-valve
settings or mpaximum allowable operating temperature. Excessivesinternal clearances required for higher-temperature
operation regult in decreased volumetric efficiency under normal.@perating conditions.

NOTE 2 On machines with water-flush seals and high leakage rate, there is the possibility of not achieving the heat-run
temperature,

A high-discharge-temperature shutdown point'should be set below the heat-run temperature.
7.3.3.5.2 | For compressors using oil-buffered seal units, when any test run with air involves a discharge
temperaturg above 120 °C (250 °F),(the test shall be conducted using a modified procedure to eliminate the

oil-air high-femperature hazard. The modified test procedure shall be agreed upon by the purchaser and the
vendor.

7.3.4 Optjonal tests

7.3.41 General

If specified,| the 'shop tests described in 7.3.4.2 to 7.3.4.13 shall be performed. Test details shall be mutLIAaIIy
agreed upoh h\l/ the purchaser and the vendor.

7.3.4.2 Performance test
The machine shall be tested in accordance with ISO 1217. See 5.1.15 a).

Vibration levels shall be measured and recorded during this test as specified in 7.3.3.1.9 to 7.3.3.1.11.

13) Rankin is a deprecated unit.
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Such components as compressors, gears, drivers and auxiliaries that make up a complete unit shall be tested
together during the mechanical running test. If specified, torsional vibration measurements shall be made to
verify the vendor’s analysis. For a torsional test, it is necessary to include all main rotating components. The
complete-unit test may be performed in place of, or in addition to, separate tests of individual components

speed for

specified.

7.3.4.4 Deceleration test

If proximity probes are specified synchronous vibration amplitude and phase angle versu
decgleration during coastdown shall be plotted before and after the 4 h run. Both the filtérg
revglution) and the unfiltered vibration levels shall also be plotted. If specified, these data)sh
furnjshed in polar form. The speed range covered by these plots shall be from 400 r/min to‘the spe
trip ppeed.

7.3.4.5 Tandem test

Maghines arranged for tandem drive shall be tested as a unit during the mechanical running tes

sho

7.3.

If a

meghanical running test.

7.3.

Pre
heli
wat

fronp which the part is made. The maximum-allowable working pressure shall be maintained for a
30 1

info

Ah

more than 0,1 mol % hydrogen sulfide.

7.3.

Thelsound-levektest shall be performed in accordance with ISO 3744 or another agreed standard.

b driver and oil systems.

B.6 Gear test

h external gearbox is provided in the drive train, it shall ‘be tested with the machine unit

n7 Helium test

Im at the maximum allowable working pressure. The test shall be conducted with the casing sy
br. The water shall be at a higher temperature than the nil-ductility transition temperature for

‘mation.

blium test should be specified if the molar mass of the gas handled is less than 12, or if the g

ns Sound-level test

d (one per
all also be
cified driver

t, using the

during the

Esure-containing parts, such as compressor casings and cylinders, shall be tested for gas lgakage with

bmerged in
he material
minimum of

nin, with no bubbles permitted. As™an alternative, a non-submerged soap-bubble test or other approved
method to check for gas leakage may be performed if approved by the purchaser. See ASTM E10

03 for more

as contains

NOTE A*sound-level test on the test stand is not representative of the sound level in the field due to differences in

opellating conditions and piping system.

7.3.

4.9 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.

7.3.

410 Post-test inspection

If specified, the compressor, the gear and the driver shall be dismantled, inspected and reassembled after
satisfactory completion of the mechanical running test. The purchaser should specify whether the gas test
required by 7.3.3.4.3 shall be performed before or after the post-test inspection.
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7.3.4.11

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

The objectives and details of the full-pressure/full-load/full-speed test shall be developed jointly by the
purchaser and the vendor. This test may be substituted for the mechanical running test.

7.3.4.12

Inspection of hub/shaft fit for hydraulically mounted couplings

After the running tests, the shrink fit of hydraulically mounted couplings shall be inspected by comparing

hub/shaft m

S
by

7.3.4.13
Spare parts

NOTE A

7.3.5 Tes

Immediatel
data logged

The purcha
in the test s

7.3.6 Tes

If specified
form in Ann

atch marks to ensure that the coupling hub has not moved on the shaft during the tests.

&

pare=partstes

19
such as couplings, gears and seals shall be tested as specified.

mechanical test of the spare rotor set is mandated in 7.3.3.4.2.

l data

upon completion of each witnessed mechanical, performance and optional test, copies of
shall be given to the witness.

ser and the vendor shall mutually agree that the test data have tmet the acceptance criteria sh
pecification.

t report

the vendor shall provide test reports within the timetable identified on the VDDR (see exar]
ex |).

7.4 Preparation for shipment

741 Eqy
necessary.
wire. The p
shipment,

storage for
recommengd

7.42 The

ipment shall be prepared for the type-of shipment specified, including blocking of the rotor w
Blocked rotors shall be identified by_means of corrosion-resistant tags attached with stainless s
reparation shall make the equipment suitable for six months of outdoor storage from the tim
vith no disassembly required-before operation except for inspection of bearings and seal
a longer period is contemplated, the purchaser should consult with the vendor regarding
ed procedures to be followed.

vendor shall provide the purchaser with the instructions necessary to preserve the integrity of

storage preéparation after{the equipment arrives at the job site and before start-up, as describe

API RP 686

-96, Chapter 3.

the

pwn

nple

hen
teel
e of
If
the

the

1 in

bted

7.4.3 The equipment shall be prepared for shipment after all testing and inspection have been compl

and the eqlipmenthas been released by the purchaser. The preparation shall include the following.

a) ExceptHer—machired—surfaces—al—exerer—surfaces—thatean—corrode—during—shipment—storage—or in
service shall be given at least one coat of the manufacturer’s standard paint. The paint shall not contain
lead or chromates.

NOTE 1 Austenitic stainless steels are typically not painted.

b) Exterior machined surfaces except for corrosion-resistant material shall be coated with a rust preventive.

c) The interior of the equipment shall be clean; free from scale, welding spatter and foreign objects; and
sprayed or flushed with a rust preventive that can be removed with solvent. The rust preventive shall be
applied through all openings while the rotor is rotated.
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Internal surfaces of bearing housings and carbon-steel oil-systems components shall be coated with an

oil-soluble rust preventive that is compatible with the lubricating oil.

Any paint exposed to lubricants shall be oil-resistant. If synthetic lubricants are used, special
shall be taken to assure compatibility with the paint.

precautions

Permanent internal coating shall be compatible with process gases, cooling media and lubricants.

If specified, flanged openings shall be provided with metal closures at least 5 mm (3/16 in) thick with
elastomer gaskets and at least four full-diameter bolts. For studded openings, all nuts needed for the
intended service shall be used to secure closures. Each opening shall be car-sealed so that the

)

NOT

protective cover cannot be removed without the seal being broken.

Threaded openings shall be provided with steel caps or round-head steel plugs. In no-cas¢ shall non-

metallic (e.g. plastic) caps or plugs be used.

E 2  These are shipping plugs; permanent plugs are covered in 5.3.11.
Openings that have been beveled for welding shall be provided with closures designed to prey
moisture and foreign materials and damage to the bevel.

Lifting points and lifting lugs shall be clearly identified on the equipment or equipment p3g
recommended lifting arrangement shall be as described in the installation manual.

The equipment shall be identified with item and serial .numbers. Material shipped separat
identified with securely affixed, corrosion-resistant metaltags indicating the item and serial ny
equipment for which it is intended. Crated equipment,shall be shipped with duplicate packin
inside and one on the outside of the shipping container.

A spare rotor set, when purchased, shall be prépared for unheated indoor storage for a perio
three years. It shall be treated with a rust _preventive and shall be housed in a vapour-barri
with a slow-release, volatile corrosion inhibitor. The rotor shall be crated for domestic or expd
as specified. A purchaser-approved, resilient material 3 mm (1/8 in) thick [not tetrafluoroethyle
polytetrafluoroethylene (PTFE)] shall-be used between the rotor and the cradle at the support

ent entry of

ckage. The

bly shall be
mber of the
g lists, one

i of at least
br envelope
rt shipment
ne (TFE) or
areas. The

probe-target area barriers shall be marked with the words “Probe area — do not cut”. If specifi¢d, the rotor

shall be prepared for vertical.storage. It shall be supported from its coupling end with a fixture
support 1,5 times the rotor's weight without damaging the shaft. Instructions on the use of the
be included in the installation, operation and maintenance manuals.

E3 TFE and PTRE are not recommended as cradle support liners since they cold flow and impreg

surfgce.

m)

n)

Critical shaft‘areas such as journals, end-seal areas, probe-target areas and coupling-fit arg
protected with a corrosion barrier followed by a separate barrier material to protect againg
mechanical damage.

Lleose components shall be dipped in wax or placed in plastic bags and contained by cardb

designed to
fixture shall

nate into the

as shall be
t incidental

bard boxes.

LOOSe boxes are 10 be securely blocked In The shipping container.

7.4.4 Auxiliary piping connections furnished on the purchased equipment shall be impression stamped or
permanently tagged to agree with the vendor’s connection table or general arrangement drawing. Service and
connection designations shall be indicated.

7.4.5 Bearing assemblies shall be fully protected from the entry of moisture and dirt. If volatile corrosion-
inhibitor crystals in bags are installed in large cavities to absorb moisture, the bags shall be attached in an
accessible area for ease of removal. Where applicable, bags shall be installed in wire cages attached to
flanged covers and bag locations shall be indicated by corrosion-resistant tags attached with stainless steel
wire.
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7.4.6 One copy of the manufacturer's installation instructions shall be packed and shipped with the
equipment.

7.4.7 Connections on auxiliary piping, removed for shipment, shall be match-marked for ease of reassembly.

7.4.8 If specified, the fit-up and assembly of machine-mounted piping, intercoolers, etc. shall be completed
in the vendor’s shop prior to shipment.

7.4.9 If specified, the vendor shall provide lifting tools suitable for lifting the equipment or equipment
package.

Lifting tools|may include spreader bars, shackles and slings.

8 Vendor’s data

8.1 General
8.1.1 The information to be furnished by the vendor is specified in 8.2 and 8.3.

8.1.2 The data shall be identified on transmittal (cover) letters, title pages~and in title blocks or andther
prominent gosition on drawings, with the following information:

a) purchaper’'s/owner’s corporate name;

b) job/project number;

c) equipmjent item number and service name;

d) inquiry|or purchase order number;

e) any otler identification specified in the inquiry.or purchase order;

f)  vendor|s identifying proposal number, shop-order number, serial number or other reference required to
complgtely identify return correspondence.

8.1.3 A g¢oordination meeting shall(be held, preferably at the vendor's plant, 4 to 6 weeks after drder
commitment. Unless otherwise specified, the vendor shall prepare and distribute an agenda prior to [this
meeting, which, as a minimum, shall include a review of the following items:

a) purchapge order, scope-ofsupply, unit responsibility, sub-vendor items and lines of communication;
b) datashgets;
c) applicable spécifications and previously agreed exceptions;

d) schedyles-for the transmission of data, production and testing;

e) quality assurance programme and procedures;
f)  inspection, expediting and testing;
g) schematics and bills of materials for auxiliary systems;

h) physical orientation of the equipment, piping and auxiliary systems, including access for operation and
maintenance;

i)  coupling selection and rating;

j) thrust- and journal-bearing sizing, estimated loadings and specific configurations;
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seal operation and controls;

rotor dynamic analyses (lateral, torsional and transient torsional, as required);

1:2007(E)

m) equipment performance, alternative operating conditions, start-up, shutdown and any operating

limitations;

n) scope and details of any pulsation or vibration analysis;

0) instrumentation and controls;

p) ddentification of items requiring design reviews;

q) |inspection, related acceptance criteria and testing;

r) |expediting;

s) |other technical items.

8.2| Proposals

8.2/ General

The| vendor shall forward the original proposal, with the specified number of copies, to the addressee specified

in the inquiry documents. The proposal shall include, as a minimun, the data specified in 8.2.2 to 8.2.4, and a

spegific statement that the equipment and all its components:and auxiliaries are in strict accordarice with this

part of 1ISO 10440. If the equipment or any of its componeénts or auxiliaries is not in strict accardance, the
vengdor shall include a list that details and explains each.deviation. The vendor shall provide sufficient detail to
enaple the purchaser to evaluate any proposed alternative designs. All correspondence shal| be clearly

identified in accordance with 8.1.2.

8.2.2 Drawings

8.2.p1 The drawings indicated on-the-vendor drawing and data requirements (VDDR) form (see example

in Annex |) shall be included in the propesal. As a minimum, the following shall be included:

a) |general arrangement or outline drawing for each machine train or skid-mounted package, showing overall
dimensions, maintenancesclearance dimensions, overall masses, erection masses and [the largest
maintenance mass for-each item; the direction of rotation and the size and location of majgr purchaser
connections shall also be indicated;

b) |cross-sectional drawings showing the details of the proposed equipment;

c) |schematies\of all auxiliary systems including fuel, lube-oil, control and electrical systems; bill§ of material
shall berncluded;

d) |sketches that show methods of lifting the assembled machine or machines, packages|and major
components and auxiliaries. [This information may be included on the drawings specified in item a)
above.]

8.2.2.2 If “typical” drawings, schematics and bills of material are used, they shall be marked up to show

the mass and dimension data to reflect the actual equipment and scope proposed.

8.2.3 Technical data

The

a)

following data shall be included in the proposal:

purchaser’s datasheets with complete vendor’s information entered thereon and literature to fully describe

details of the offering;

© 1SO 2007 — All rights reserved
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b) predicted noise data (5.1.19);

c) vendor drawing and data requirements form (see Annex ) indicating the schedule according to which the

vendor

d) schedu

agrees to transmit all the data specified;

le for shipment of the equipment, in weeks after receipt of an order;

e) list of major wearing components, showing any interchangeability with the owner’s existing machines;

f) listofs

g) list of the special tools furnished for maintenance;

pare parts recommended for start-up and normal maintenance purposes;

h) descrigtion of any special weather protection and winterization required for start-up, operation
periodg of idleness, under the site conditions specified on the datasheets; this description shall cle

indicat
supply
i) complg
quantit
namep
clearly
j)  descrig
5.11.1.
k) descrig
part of
) list of
conditi
m) any stg
n) list of
purcha
o) for con
consur
p) vendor
q) forfloo
and ca
8.2.4 Cur
The vendo
limitations i

the protection to be furnished by the purchaser as well as that included in the vendor’s scop

te tabulation of utility requirements, e.g. steam, water, electricity, air, gas, Iubé oil (including
y and supply pressure of the oil required and the heat load to be removed by the oil) and
ate power rating and operating power requirements of auxiliary drivers; approximate data sha
indicated as such;

tion of any optional or additional tests and inspection proceddres for materials as requireq
iy

tion of any special requirements, whether specified in the purchaser’s inquiry or required by
ISO 10440;

machines similar to the proposed machine(s) that have been installed and operating u
bns analogous to those specified in the inquiry;

rt-up, shutdown or operating restrictions required to protect the integrity of the equipment;

any components that can be construed as being of alternative design, hence requiring
Ser’s acceptance;

stant-speed units, the vendar shall outline the procedure that can be followed to reduce pg
nption in the event that excéss pressure or flow is developed;

list of all required relief alves, clearly indicating those furnished by the vendor;

Hed screw compréssors, the vendor shall state retention time, maximum and minimum liquid le]
pacity in the separator vessel.

Ves

shalll provide complete performance curves to encompass the map of operations, with
ndicated thereon. For constant-speed equipment, refer to the operating point on the data sheet

and
arly
e of

the
the
| be

| by

this

nder

the

wer

vels

any

8.2.5 Optional tests

The vendor shall furnish an outline of the procedures to be used for each of the special or optional tests that
have been specified by the purchaser or proposed by the vendor.

72
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8.3

8.3.1

8.3.1.1

ISO 10440

Contract data

General

example in Annex I.

8.3.1.2

-1:2007(E)

Contract data shall be furnished by the vendor in accordance with the agreed VDDR form; see

Each drawing shall have a title block in the lower right-hand corner with the date of certification,

the identification data specified in 8.1.2, revision number and date and title. Similar information shall be
provided on all other documents including sub-vendor items.

8.3.
not

1.3 The purchaser shall promptly review the vendor’s data upon receipt; however, this
constitute permission to deviate from any requirements in the order unless specifically~agre

eview shall
ed upon in

writing. After the data have been reviewed and accepted, the vendor shall furnish certified cqpies in the
quaptities specified.

8.3.1.4 A complete list of vendor data shall be included with the first issue.gf<major drawinggs. This list
shall contain titles, drawing numbers, and a schedule for transmittal of each item-listed. This list |[shall cross-
reference data with respect to the VDDR form in Annex |.

8.3.2 Drawings and technical data

The| drawings and data furnished by the vendor shall contain sufficient information so that, together with the
manuals specified in 8.3.5, the purchaser can properly install, operate and maintain the equipment covered by
the purchase order. All contract drawings and data shall be clearly legible (8-point minimum font gize, even if

reddiced from a larger-size drawing), shall cover the scope_of-the agreed VDDR form (see example

and

8.3.

The

NOT

8.3.

8.3.
lists]
app

A.1

shall satisfy the applicable detailed descriptions.

3B Progress reports
vendor shall submit progress reports to the“purchaser at the intervals specified.

E Refer to 1.2 0o) for content of these reports.

#  Parts lists and recommended spares

The vendor shallsubmit complete parts lists for all equipment and accessories supq
shall include part names, manufacturers’ unique part numbers, materials of construction (i
icable InternationakStandards). Each part shall be completely identified and shown on approf

seclional, assembly-type cutaway or exploded-view isometric drawings. Interchangeable pan

ider
perf
ider

tified as such)Parts that have been modified from the standard dimensions or finish to sat

tified bysthe original manufacturer’s name and part number.

8.3

in Annex |),

lied. These
dentified by
riate cross-
s shall be
sfy specific

ormance requirements shall be uniquely identified by part number. Standard purchased items shall be

ts that are
ach. These

H.2 The vendor shall indicate on each of these complete parts lists all those pan
recc[mmended as start-up or maintenance spares, and the recommended stocking guantities of &
should include spare parts recommendations of sub-suppliers that were not available for inclusion in the
vendor’s original proposal.

8.3.5 Installation, operation, maintenance and technical-data manuals

8.3.5.1  General

The vendor shall provide sufficient written instructions and all necessary drawings to enable the purchaser to
install, operate, and maintain all of the equipment covered by the purchase order. This information shall be
compiled in a manual or manuals with a cover sheet showing the information listed in 8.1.2, an index sheet
and a complete list of the enclosed drawings by title and drawing number. The manual or manuals shall be
prepared specifically for the equipment covered by the purchase order. “Typical” manuals are unacceptable.
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8.3.5.2 Installation manual

All information required for the proper installation of the equipment shall be compiled in a manual that shall be
issued no later than the time of issue of the final certified drawings. For this reason, it may be separate from
the operating and maintenance instructions. This manual shall contain information on alignment and grouting
procedures, normal and maximum utility requirements, centres of mass, rigging provisions and procedures
and all other installation data. All drawings and data specified in 8.2.2 and 8.2.3 that are pertinent to proper
installation shall be included as part of this manual; see also description in 1.2 1I).

8.3.5.3  Operating and maintenance manual

2 weeks affer all specified tests have been successfully completed. In addition to covering operation gt all
specified pfocess conditions, this manual shall also contain separate sections covering operation under|any
specified extreme environmental conditions; see also description in 1.2 mm).

A manual Iontaining all required operating and maintenance instructions shall be supplied not latek than

8.3.5.4 Technical-data manual

If specified,| the vendor shall provide the purchaser with a technical data manual within 30 days of complation
of shop tesfing; see description in 1.2 ss).
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Annex A
(informative)

Typical datasheets

ISO 10440-1:2007(E)
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JOB NO

ITEM N

ROTARY-TYPE POSITIVE-

PURCHASE QRDER NO

DATE

DISPLACEMENT COMPRESSOR

REQUISITION NO

DATASHEET

INGUIRY NO.

S| UNITS PAGE 1 OF BY
O prawnaunts: O st Ouse O puaL 4.3)

i|appLicaste To- O propesal O puRCHASE QASBUILT DATE REVISION

o|For UNIT

slsme SERIAL NO.

service NG REQUIRED

s|MANUFACTUFETS TODED DAVERTET]

elNoTE:  O|INDICATES INFORMATION To BE COMPLETED EY PURCHASER [ ] By MANUFACTURER

. OPERATING CONDITIONS

) MORMAL WA MM OTHER CONDITIONS [591.4)

g ALL DATA ON FER UNIT BASIS (328 5.1.9) A B C o

o)

1| ¢ CERTIFIED POINT (/) (5.1.4)

12} © @as HANDLED (ALSO SEE PAGE 2)

13| O REQUIRED CAPACITY Nm®h (1,012 bar and 0 °C) (DRY) (2.40)

14 © wmass Fllow, kg/hr- (WET)(DRY)

15 INLET CONDITIONS: O COMPRESSOR INLET FLANGE (O CUSTOMER CONNECTION

18] © PRESSURE -kPa [absolute (bar)]

17} O TEMPERRTURE (°C)

18] © RELATIVE HUMIDITY (%)

19] O RELATIVE MOLECULAR MASS ()

20) [ ey (1) OR (Kaya) (5115 d)

21| [] COMPRESSIBILITY iz 1) OR (Zayg) (5.1.15 )
ool []INLET vbLUME FLOW (m®h) (2.16)
23] DISCHARGE CONDITIONS: O COMPRESSOR DISCHARGE FLANGE & CUSTOMER CONNECTION

24| O pPRESSURE - kPa [absolute (bar)]

os| [ ] TempERTURE (C)

26| [[] ey (42) OR (£ ava)

27| [] COMPRESSIBILITY (2 5) OR (Z pyc)

28] [ ] pEw PoNT oc)

20| O olL cARRYOVER (mgikg)”

30 |:| KW REQUIRED (ALL LOSSES INCL))

1] [[] speeD (feviming

s2] [] PrESSURE RaTIO (7)

33 |:| VOLUMHTRIC EFFICIENCY (%)

sa] [ ] siemcdr 4 2 kpaf(ban (g9.3)

35| O SETTLEUT PRESSURE - kPajahsolute (bar)] (5.1.5)

s |:| PERFORMANCE CLIRVE NO

37| " Equivalent o the deprecatéd ppm

38 PROCESS CONTROL(8.4.2.1)
33 METHOL: O\GLIDE vALVE

40 (O BYPASS FROM TO

41 OTrE OMENTEL T 2010

a2 O SPEED VARIATION FROM TO

43 O oTHER

44]  SIGNAL: O souRcE

45 O TvrE

48] O RANGE FOR PNEUMATIC CONTROL revimin @ kPa (bar) & revimin @ kPa (bar)

47 O OTHER

4|  service: O SPEGIAL-PURPOSE (3 51) O GENERAL-PURPOSE (313)

49 O continuous O INTERMITTENT O STANDEY (353 O DRY SCREW (2.8) O FLOODED SCREW (3.10)
S0|REMARKS: Unless otherwise noted, all pressures are GAUGE pressures.
51 {Example: bar refers to gauge pressure; bar abs. refers to absolute pressure)
52
53
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DISPLACEMENT COMPRESSOR JOB NO. ITEM NO.
DATASHEET REVISION NO DATE
SI UNITS PAGE 2 OF 9 By
1 GAS ANALYSIS (5.1.15d) NOR- | M- OTHER CONDITIONS O REMARKS
A O wmoLe O Mal | mum | a B & D
3 MW
4laim 28,966
sloprvaen 32,000
eldiTrocen 28,016
7laTER vAPOR 18,018
sldar=on moncxiDE 28,010
aldareon DIoXIDE 44,010
10l DROGEN SULFIDE 34,078 15.11.1.10)
11|dvDROGEN 2,018
12| IETHANE 16,042
13|4THYLENE 28,052
14JHTHAME 30,088
15|4ROPYLENE 42,078
16| JROPANE 44,004
17jiJBUTANE 58,120
18|-BLUTANE 58,120
1ajifPENTANE 72,146
20|H-PENTANE 72,146
21|HEXANE PLUS
22
23
24| [0 corrosivE (5.11.1.7)
25| [O soLIb PARTICLE (5.1.25)
26| [O LiGUID PARTICLE (51.25)
27l nacE maTERIALS (5.11.1.10)
zsfloTaAL
29| RELATIVE MOLECULAR MASS
s0|4ITE DATA: NOISE SPECIFICATIONS: (5.1.19)
3 iOCATION: O APPLICABELE TO MACHINE
z2| O mooor O HEATED O UNDER ROOF SEE SPECIFICATICN
2| O ouTDoOR O UNHEATED O PARTIAL SIDES O APPLICABLE T NEIGHBORHOOD
34| O aranE O MeAzmINE O SEE SPEGIFICATION
| O winTEREZATION REQ'HE O TROPICALIZATION REQ'D AcoUSTIC HOUsSING (51200 O ves O no
6| [O ELEVATION m  BAROMETER kPa (barabs)] SCUND LEVEL B @ m
37| [O RANGE OF AMBIENT TEMPS DRY BULB WET BULB dB RE 20 MICRO PASCAL
a8 S(TBRATED °C APPLICABLE SPECIFICATIONS:
39 NEEMAL °C
40 MAXIMUM °C (O ACOUSTIC
41 MINIMUM °C O MOTeR
42| PEECTRIE A AREA-CHASSHFICATION—S—ttEe-ae679)
8| O zone GROUP CLASS
44 PAINTING:
45|UNUS UAL CONDITIONS: Oopust O rumes © MANUFACTURER'S STD
46} O oTHER C oTHER
47
48 SHIPMENT: (7.4.1)
49 O DOMESTIC O export O EXPORT BOXING REQD
so| (O VENDOR HAVING UNIT RESPONSIBILITY. (2 56) O LoNG TERM STORAGE FOR MONTHS
51
s2|REMARKS:
53
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ROTARY-TYPE POSITIVE-

DISPLACEMENT COMPRESSOR

JOBNO. ITEM NO.
DATASHEET REVISION NO DATE
S| UNITS PAGE 3 OF 8 BY
1| [] sPeEDS: [ SHAFT: (5512)
2 MAX. CONT. (3.22) rev/min  TRIP {3 55) rev/min MATERIAL
3 MAX. TIP SPEEDS: m/s @ MAX. OPER. SPEED DIA @ ROTORS (mm) DIA @ COUPLING (mm)
4 MIN. ALLOWY (3 25) revimin SHAFT END []raPereD [] GYLINDRICAL (551 5and 551.6)
5| [ ] LATERAL CRITICAL SPEEDS: {57.14) SHAFT SLEEVES:
6 FIRST CRITICAL revimin | O AT SHAFT SEALS [JmatL. |
7 DAMPED UNDAMPED []TMING GEARS: (5.5 2)
8 MOIPE SHAPE PITCH LINE DIAMETER (mm) ~ MALE: FEMALE:
9 LATERAL CRITICAL SPEED - BASIS: MATERIAL TYPE
10 O|DAMPED UNBALANCE RESPONSE ANALYSIS [ ] sHaFT SEALS: (5.6
11 [JotHER TYPE ANALYSIS @pecry | O SEAL SYSTEM TYPE (56.1.7)
12| [_] POCKETHPASSING FREQUENCY: Hz [ ] olL LEAKAGE (CCMIN/SEAL)
13| [_] TORSIONAL CRITICAL SPEEDS: (57.2) O TYPE BUFFER GAS (5.62.1)
14 FIRST GRITICAL revimin | [_] BUFFER GAS FLOW (PER SEAL)
15 SECONC GRITICAL rev/min NORMAL: kghhr. @ KPa (bar)
16| [_] vIBRATIDN: (5.7 3.6) MAX kghi( @ kPa (bar)
17 HOUSING mm's RMS [ ] BEARING HOUSING: (5.9}
18 SHAFT TYPE (SEPARATE, INTEGRAL) SPLIT
19 |:| ROTATION, LOOKING AT COMPRESSOR DRIVEN END: I:l CW I:l Cow MATERIAL
20 |:| CASING |:| HYDRODYNAMIC RADIAL BEARING: {IDENTIFY HIGHEST LOADED BEARING $8.2.1
24 MODEL TYPE SPAN (mmj
22 CASINGBPLIT AREA (rom’) LOADING (N/mm?): ACT. ALLOW. B
23 MATERIAL O cLADDING (5.2.10) NQ_PADS ROTORON _ ORBETWEEN PADY
24 OPERATJON ) DRY O FLOODED, w/ LIQUID PAD MATERIAL
25 THICKNESS (mm) CORR. ALLOW (mm) TYPE BABBITT THICKNESS (mm)
26 MAX . AL| OWABLE WORK PRESS. (3 21) KkPa (bar) ¢ TEMP SENSORS (5.8.15)
27 RELIEF-YALVE SETTING kPa (bary O ¢ QRID TYPE
28 MARGIN|JFOR ACCUMULATION ___ kpa(ban NO. PER BRG
29 LEAK-THST GAS: PRESS kPa (bar): (73343) [ ]ROLLING ELEMENT RADIAL BEARING (5.8.2)
30 TEST PHESS. kPa (bar) HE (7.3.4.7) HYDROWZ.29) TYPE: . Ndm:
31 MAX. ALLOW . TEMP °G MIN. OPER_TEMB. oG
32 COOLING JACKET — []YES [No
as| [ ]roToRg: (551) ENERGY DENSITY (KW-rev/min):
34 DIAMETHER (mm): MALE: EEMALE: |:| HYDRODYNAMIC THRUST BEARING: (IDENTIFY HIGHEST LOADED BEARING) (5.8.3]2)
35 NO. LOBES: MALE: FEMALE: TYPE
3|  TYPE MFR. AREA (mn¥) |
a7l TYPEFABRICATION LOADING (Nfmm?): ACT. ALLOW.
38 MATERIAL NUMBER OF PADS
39 MAX. YIHLD STRENGTH (N/mm?) PAD MATERIAL
40 BRINELL| HARDNESS MAX. MIN. TYPE BABBITT THICKNESS (mm)
# ROTOR LENGIH TO DIAMETER RATIO (L/D) MALE: O TEMP SENSORS (5.8.1 5)
42 ROTOR CLEARANCE (mm) O 16 ORID TYPE
43 NO PER BRG []acTivE [JmacTive
24 [ ]ROLLING ELEMENT THRUST BEARING (5 82)
45 INTERNALLY GOOLED [ YES [JNO TYPE: . Nm:
46
a7
a8 ENERGY DENSITY (KW/min)
49
50
51|REMARKS:
52
53
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DISPLACEMENT COMPRESSOR JOB NO ITEM NO
DATASHEET REVISION NO DATE
SI UNITS PAGE 4 OF 9 BY

1] ] PROCESS CONNECTIONS - COMPRESSOR CASING(5.3): AXIAL POSITION DETECTOR: (6.4.4.3)

o SIZE | RATING FAGING |ORIENTATION| O IN ACCORDANGE WITH. AP 870

9 INLET O TYPE [ MoDEL

4 DISCHARGE O wre. O ho. rean

5 O 0SCILLATOR-DETEGTORS SUPPLIED BY

a E‘mmmmmmmmc& PR D el

7 INLET O WONITOR SUPPLIED BY

8 DISCHARGE () LOGATION ENGLOSURE

9 O wveR. [ mooEL

1o ] cASING - ALLOWABLE PIPING FORCES AND MOMENTS: (5.4) Olscaterance O aLarm [Psere |
1 INLET DISCHARGE O sHutoown: [Jsete O TIME DELA

12 FORGE | momT | ForRcE| MomT | Force | MomT

13 M MN-m il MN.m M MN.m

14l | axiaL X COUPLINGS: (52)

6| | verTicaL ¥ O N AGCORDANGE WITH: AF)57

6] | HoRIZ 90 7 QTHER (SPECIFY)

17

18 DRIVER-COMP

1ol [ axiaL X OR HEAR-COMP
2ol | wemTIGAL ¥ DRIVER

21 HORIZ s0r 7 O WiakE

22| [ ] oTHER conNECTIONS: [] womel

22| | sERVICE: no | size TYPE/RATING QYHUNT CPLG. HALVES

24/ | LUBEGIL INLET © SPACE REQUIRED

25 | LuBE-OILOUTLET O LIMITED END FLOAT REQ'D

26| | sEALOILINLET O MOMENT SIMULATOR REGLIRED (6.2.5)

27| seaLowLouTLET [ cpLa. RATING (ke oo revimin]

o8] | casiNG DRAINS (5.3.4) [ kevED (1) OR (2) OR HYDR. FIT

20l | wvEwTS BASEPLATE & SOLEPLATES: (6.3.2 & 6.3.3)

a0l | coouNGwATER INLET SOLEPLATES FOR O compressor O cear P DRIVER
atl | coouncwaTER QUTLET BASEPLATE:

a2l | LauipinvEsTION O COMMON (UNDER GOMP. GEAR & DRIVER)

| | oLmEecTion O UNDER COMP. ONLY Q oTHER

sl | PuRGE FoR O DECKED WITH MON-SKID DECK PLATE QO open¢oNSTR
35 BRG HOUSING O pRIPRIM O WITH OPEN DRAIN O suepLATE
36 BETWEEN BRG. & SEAL O HORIZONTAL ADJUSTING SCREWS FOR EQUIPMENT

a7 BETWEEN SEAL&GAS O SUITABLE FOR GOLUMN SUPPORT (8.2.2.4)

as| {D OTHER O SUITABLE FOR PERIMETER SUPPORT

3 O EPOXY GROUT/EPCXY PRIMER (6.2.1.6)

40/iERATION DETEGTORS: (6.4.4.3) LUBE-OIL SYSTEM (5.10)

41D 1N ACCRRBANCE WITH: API 670 O LUBRICANT MANUFAG TURER

2| O e[ sesmic [ DisPLAGEMENT © LUBRICANT TYPE GRADE (1503448) |

| | A wopeL O 614 LUBE-OIL SYSTEM (5.102.3 &5.103, ANNEX D)

44| &Fe o e ik con o e ErPEEEAT RS TSRt

45| O NO. AT SHAFT/HOUSING TOTAL NO. ) OILFILTER (5.10.3.2)

48] O 0SCILLATOR-DETECTORS SUPPLIED EY © OIL COOLER (5.10.3.3): TYPE NO

a7l Owurr e O OILPUMP (5.1034)  TYPE NO

48] O MONITOR SUPPLIED BY O OIL SEPARATOR (5.10.3.5)

a9l O LocaTion ENCLOSURE []rvre [(Qno
s O wurr [ mobeL [] olL carRvovER (mghkg) (DAY
si|  [dscaerance O aLARM Cleeta [] RETENTION TIME (MIN)
sof  Oswuon.  [seTe OTIMEDLY. ___ SEC O RELIEF VALVE O LEVEL GAUGE
52| O PHASE REFERENCE TRANSDUCER O tever swircn [ pressuRE DIFFERENTIAL INDIGATOR

L etectric HeaTeR
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ROTARY-TYPE POSITIVE-

DISPLACEMENT COMPRESSOR JOB NO ITEM HO.
DATASHEET REVISION NO DATE
SI UNITS PAGE 5 oF @ BY
1]uTILITY CONDITIONS: (ALL UNITS ARE GAUGE) [ ]massES (kg):
2] sTEAM DRIVERS HEATING COMPR GEAR DRIVER BASE
sl INLET MIN kPa(bar)  °C kPa(bar)  °C ROTORS: COMPR DRIVER GEAR
4 NOBM  kPa(ma]  °C T wPatban T COMPR. UPPER CASE
5 MAX  kPa(ma]  °C T wPatban 0 L.O. CONSOLE S.0. CONSOLE
& EXHALGT L — m’:i\udu_ w3 _m'd \Ule_ w3 Tt R T G E ey
7 NORM : kPa (bar:"C :kPa (bar):°C TOTAL SHIPPING MASS
8 T AX. _ kPa (bar)_"O _kPa (bar)_“O
g|ELECTRICITY: SHUT- [ ]sPAGE REQUIREMENTS {mm):
10 DRVERS  HEATING  CONTROL  DOWN COMPLETE UNIT L W
11lvoLTacE L.O. CONSOLE L W
12|mERTZ $.0.CONSOLE: L W
13]PHASE
14]lcooLING WATER MISCELLANEOUS:
15]TEMP. INLET G MAX. RETURN ¢ |[]RECOMMEND STRAIGHT RUN OF PIPE-OW BEFORE SUCTION
16]PRESS. NOAM kPa(bar)  DESIGN kPa (bar) | © VENDOR'S REVIEW & COMMENTS ONPURG HASER'S PIPING
17| MIN REfURN kPaibar)  MAX ALLOW A P kPa (bar) & FOUNDATION (5.1.16)
18]  waTERBOURCE (O VENDOR REPRESENTATIVEOESERVATION AT THE SITE (5.1.17)
19| INSTRUMENT AIR: O OPTICAL ALIGNMENTRMATS REQUIRED ON COMPRESSOR,
z0fmax. PRESS kPa(bar)  MIN. kPa (bar) GEAR & DRIVER
21| [ ] TOTAL YTILITY CONSUMPTION: (O LATERAL ANALYSIS REPORT REQUIRED (5.7.1.4)
22| GOOLING WATER mh (O TORSIONALANALYSIS REPORT REQUIRED (5.7.2.1)
23| STEAM NORMAL ka/h O CASINGWIDUNTED TORSIONAL SHAFT VIBRATION PICKUP
24| STEAM MAX. ka/h
25| INSTRUMENT AR NmCih
z6|  HP(DRIVER) KW
27
28 O COORDINATION MEETING (8.1.3)
29
30|SHOP INSPECTION AND TESTS (7.1): REQ'D WITMESS_OBSERVE [INLET & DISCHARGE DEVICES:
31|SHOP INSPECTION (7.1.5) O @) O | O HIGH-EFFICIENGY INLET SEPARATOR REQUIRED (6.8 2)
32|HYDROSTAT|IC (7.3.2) O Q O O INLET AIR-FILTER DP INDICATION TYPE (6.7.3)
ss|HELIUM LEAK (7.3.47) © O O | O PuLSATION SUPPRESSORS FURNISHED BY
34| MECHANICAL RUN (7.3.3) () O O
as|MECHANICAL RUN SPARE ROTORS (788425 O O
36|CcasING LEAK TEST (7.5.3.4.3) O O O
37|PERFORMANGE TEST (GAS) (AIR) (€347 O O O
38|COMPLETE-JINIT TEST (7.3.4.3) O O O
39| USE SHOP L|UBE & SEAL SYSTEM O O O
40]USE JOB LUBE & SEALSTSTEM (7.3.4.9) O O O
41|USE SHOP VIERATIOWPROBES, ETC. @) @) O | O =PaRE PARTS TO BE SUPPLIED (8.2.3 1
42| USE JOB VIE &AXIAL DISP. PROBES @) @) @) O ROTOR ASSEMBLY
43 USE JOB SElse ToaNshIICED [ ) [ () ceal (YRASKETS O DN
44JUSE JOB MONITORING EQUIPMENT O O O O START-UPILOMMISSIONING
45|PRESSURE cOMP. TO FULL OPER. PRESSURE O O O O 2¥EARS SUPPLY
48|DISASSSEMBLE-REASSEMBLE COMP QO oTHER
47l AFTERTEST (784 10) O O O
48|SOUND-LEVEL TEST (7.3.4.8) @) @) O  |REMARKS:
48| TANDEM TEST (73.4.5) @) @) @]
SOJALX -EQUIPMENT TEST (7.3.4.9) QO O QO
51|FULL-LOAD TEST (7.3.4 11) @] O @]
52| RESIDUAL UNBALANGCE CHECGK (5.7.3.5) O O @]
53
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DISPLACEMENT COMPRESSOR JOB NO. ITEM MO
DATASHEET REVISION NO DATE
S| UNITS PAGE 8 oF 9 BY

VENDOR SHALL FURNISH ALL PERTINENT DATA FOR THIS SPECIFICATION SHEET BEFORE RETURNING.
ITEM NO SERVICE JOB NO
MANUFAGTURER

1|REFERENCE SPECIFICATIONS: (64.1.2) APPLICABLE SPECIFICATIONS: (O IEC O NEwA

ol so1se Oves OQwo AREA CLASSIFICATION:

3 NOTE For the purposes of this provision API 814 is equivalent to [SC 10438, | ZONE GROLIP CLASS

4 O sREA GL GR DIV ) NON HAZEHDOUS

5 NOTOR GONTROL & INSTRUMENT VOLTAGE:

g VOLTS PHASE EYOTES

ALARM & SHUTDOWN VOLTAGE:
VOLTS PHASE CYGLES OR oo

7

5| oCAL CONTROL PANEL: (5.4.3)

of| FuRNISHED BY: [Jvenoor  [JrupcHaser  [JoTHeRs

1ol [ FreEE-sTANDING [JweatHERPROOE  [] TOTALLY ENCLOSED [(Jextracutouts

1 [l visraTion 1sOLATORS [ sTRiP HEATERS [] PURGE CONNECTIONS

12)| [ ANMUNGIATOR: FURNISHED BY: [Jveroor [ rPurcHaser [JotHeRs

13 ANNUNGIATOR LOCATED ON [ LocaL panEL (] ma cONTROL BoARD

14l []cusTOMER CONNEGTIONS BROUGHT OUT TO TERMINAL BOXES BY VENDOR

15][NSTRUMENT SUPPLIERS:

16| PRESSURE GAUGES MFR SIZE & TYPE:

17]|D TEMPERATURE GALGES: MFR SIZE & TYPE:

18]|O LEVEL GaUGES: MFR SIZE & TYPE:

19]|D DIFF -PRESSURE GAUGES MFR SIZE & TYPE
20||Q PRESSURE SWITCHES MFR SIZE & TYPE:
21||{Q DIFF -PRESSURE SWITCHES MFR SIZE & TYPE:
22| TEMPERATURE SWITGHES MFR SIZE & TYPE:
23| LEVEL sWITCHES MFR SIZE 8 TYPE
24||Q CONTROL VALVES MFR SIZE & TYPE:
25||C PRESSURE-RELIEF VALVES: (6.4.4.6) MR SIZE & TYPE:
26| THERMAL RELIEF VALVES: (6. 4.45.4) MR SIZE & TYPE:
27||C FLoW INDICATORS: (8 4.4.9) MFR SIZE 8 TYPE
28| Gas FLOW INDICATOR MFR SIZE & TYPE:
29| VIBRATION EQUIPMENT: MFR SIZE & TYPE:
30| TACHOMETER: (5.4.42) MFR RANGE & TYPE
21|| soLenoID vaLVES MFR SIZE & TYPE
22| ANNUNCIATOR: (6.4.5 4) MFR MODEL & NG, POINTS
23||{© DEPRESSURIZATION VALKETE 4.4.7) MFR SIZE & TYPE:
| f@) MFR SIZE & TYPE:
35 NOTE: ) \/SUPPLIED BY VENDOR O SUPPLIED BY PURGHASER
26| PRESSURE-GAUGE HEQUIREMENTS  LOCALLY LOCAL LOCALLY LocAL
27|FuNcTION MOUNTED (2.12) PANEL(351) | FUNCTION MOUNTED (3.12) ANEL (3.31)
28|  LUBE=wiERUMP DISGHARGE HEe; HEe GOV, CONTROL OIL o o
so||  LBECIU FILTER AP HEe] Hie] GOV, CONTROL OIL AP o o
o]l CluBE-CIL supPLY o o MAIH STEAM [N 0o ]O
41 LI ) B S W17 A D Y L DC DO | E=R R Pt ] e i DO DO
42| sEALOILFILTERAS oo o STEAM GHEST 0o o
43| seaLolsuppLy(EacHLEVEY _ [ O Hie] EXHAUST STEAM o o
44| SEALOIL DIFFERENTIAL HEe; Oc EXTRAGTION STEAM o O
45|  REFERENGE GAS o o STEAM EJEGTOR 0o ]o
48]  BALANCE LINE Hie] oo COMPRESSOR SUCTION o o
47| SEALEDUGTOR HEe; HEe; COMPRESSOR DISCHARGE Oo o
48| BUFFERSEAL HR®] HEe; 1O o
49| OILGAS COALESCING FILTER AP HEe; HEe; ]o o

© 1SO 2007 — All rights reserved
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DISPLACEMENT COMPRESSOR JOB NO ITEM NO
DATASHEET REVISION NO. DATE
S| UNITS PAGE 7 OF 8§ BY
VENDOR SHALL FURNISH ALL PERTINENT DATA FOR THIS SPECIFICATION SHEET BEFORE RE TURNING
ITEM NO SERVICE JOB NO
MANUFACTURER
1[TEMPERATURE-GAUGE REQUIREMENTS:
o LOCALLY LOCAL LOGALLY LoCAL
| FuncTioN MOUNTED (3.12) PANEL (3.31) FUNCTION MOUNTED (3.12) PANEL (231
4 LUBECL DISCHARGE FROM EA O¢ HEe; cooLERoILINET&oUTLET ___ [J O 0@
s CoMPR JOURNAL BEARING HEe; HEe; SEAL-OIL QUTLET ]O Cl®
g DRIVER JOURNAL BEARING o e COMPRESSOR SUCTION o NO
7 GEAROURNAL BEARING HEe] HEe] COMPRESSOR DISCHARGE oo 1o
9 COMPRESSOR THRUST BEARING Hie] HEe; LUBE-0IL RESERVOIR oo o
9 DRIVER THRUST BEARING Hi®] HEe; LUBE-QIL SUPPLY Oo do
10 GEAR[THRUST BEARING o HEe; [NO Hie)
11|MISCELLANEOUS INSTRUMENTATION:
12 [[] © oHveR sTARTSTOR [] LocaL panEL [] sEPARATE PANEL [] mainpasaD
13| [] O SIGHT FLOW INDICATORS, EAGH JOURNAL & THRUST BEARING & EACH COUPLING OIL RETURN LINE
14| [[] O SIGHT FLOW INDICATORS, EAGH SEAL-GIL RETURN LINE
15| [[] OO LEJEL GAUGES, LUBE ANDIOR SEAL-GIL RESERVOIR, 5.0. DRAIN TRAPS & 8.0 OVERHEAD TANK
18] ] © vI{RATION AND SHAFT-POSITION PROBES & PROXIMITORS
17 [] © vI{RATION AND SHAFT PGSITION READGUT EQUIPMENT
18] [] O vifRaTION READOUT LOCATED ON [ LocaL paneL [] sEPARATE PanEL [ wain BaarD
19| [[] © TURBINE-SPEED PICKUP DEVIGES
20| [] © TURBINE-SPEED INDICATORS
21| [] © TURBINE-SPEED INDICATORS LOGATED ON [] LocaL panEeL [] main BearD
22| [[] © REMOTE HAND SPEED GHANGER - MOUNTED O LOGAL PANEL
25| (] © ALARM HORN & ACKNCWLEDGMENT SWITCH
24|ALARM & SHUTDOWN: (6.4.5.2) PRE-
55 FUNCTION ALARM TRIP FUNCTION ALARM TRIP
26| [[] © Lojv LuBECIL PRESSURE [] © turBiNE viEraTION
27| [[] © ni|use-oiLFiLTER A2 [] © TurBINE AxIAL POSITION
26| [] O HIBEALOILFILTER A £ [] © cearviBraTION
29| [[] © Lofv LuBEQIL RESERVOIR LEY [] O cearaxiaL posiTion
o] [] © Lo seaL-olL RESERVGIR LEV. [] O compRESSOR MOTOR SHUTDOWN
81| [] © HipeaLoiL LEvEL [] O TRIP 8 THROTTLE VALVE SHUT
32| [[] © Lofv seaLoil LEVEL [] © HITURB STEAM SEAL LEAKAGE
83| [ ] © H AL oIl PRESSURE [] © HicompR. THRUST BRG TEMP
4| [[] © Lo seaL-0IL PRESSURE [] O HicomPR. JOURNAL BRG. TEMP
a5|[[] © alk seaLoiL pump afARY [] O HiCRIVER THRUST BRG. TEMP
a8l [] © aulk LugE-0IL PUMPBTART [] O HipRIVER JOURNAL ERG. TEMP
87| [ © Hi BEALOIL SUNEF TEMP. (COOLER) [] © HiGEAR THRUST BRG TEMP
as| (1 © Hi Liauin-Ley s UCT. SERARATOR [0 © HiGEAR JoURNAL BRG. TEMP
ao| [ © coAmppEssodn HIDISCH, TEMP [] O compressoR AP
[] © couptiEssor viIERATION [] O Low sEaL-GAS PRESSURE
[] © conmpreESSOR AXIAL POSITION [ ] O HICOALESGING GASIOIL FILTER A P
40l ] O Hi LUBECIL SUPPLY TEMPERATURE Oo
41|CONTACTS:
41| ALARMGCONTAGTS SHALL. [Joren  []cLOSE TO SOUND ALARM AND BE NORMALLY [] eneraizen [] oe-EnERGIZED
42| SHUTDOWN CONTACTS SHALL: [Joren  []CLOSE TO TRIP AND BE NORMALLY [] eneraizen [] ve-EnERGIZED
49 NOTE: NORMAL CONDITION IS WHEN COMPRESSOR IS IN OPERATION
44|MISCELLANEOUS:
45| O INSTRUMENT TAGGING REQUIRED
46| © ALARM AND SHUTDOWN SWITGHES SHALL BE SEPARATE
47|PURCHASER'S ELECTRICAL AND INS TRUMENT GONNEGTIONS WITHIN THE CONFINES OF THE BASEPLATE AND CONSOLE SHALL BE:
48 [[] BROUGHT QLT TO TERMINAL BOXES [] MADE DIREGTLY B THE PURGHASER
49|COMMENTS REGARDING INSTRUMENTATION
50
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JOB HO ITEM NG
DATASHEET REVISION NO DATE
SIUNITS PAGE 8 OF 9  BY
1|APPLICABLE TO O pPROPOSAL O PURGHASE O asBUILT
2|FoR LNIT
3|sITE DRIVEN EQUIP.
4|SERVICE NO. REQURED
5|MANUFACTURER MODEL SERIAL NO
6| HEFE—— -GBS HHF S A OB E- SO REEFEB-BY- PR HA-SER e timsommetomer:
7
8 MOTOR DESIGN DATA MOTOR DESIGN DATA (CONTD)
o|RPPLICABLE SPECIFICATIONS: STARTING: (5.12.1h)
10| IEC O NEMA O FULLVOLTAGE O REDUGED VOLTAGE %
11| aP1 541 (512.2) O LoaDED O UNLOADED:
12| O voLTAGE DIP %
13|BITE DATA: VIBRATION:
14||Cy zonE GROUP CLASS O IEC STANDARD O _NEMA STANDARD
15D arEA oL eR bV O NONHAZARDOUS NOISE:
1gffOar _ m O aMETEMPS: MaX ___CCMIN O O IEC STANDARD O NEMA STANDARD
17| INUSUAL CONDITIONS O pust O FuMES ACCESSORY EGUIPMENT
18[|C oTHER O BasepLATE O SOLEPLATE QO sTaTOR SH|FT
19|PRIVE SYSTEM: O WFRASTEFANS O NON-SPARKING FANS
200 piRecT connecTED O gEar {2 OTHER O . EXCITATION
21|FYPE MOTOR: (51 .2.1) [ iow rean QO voLTs |
22|| SQUIRREL-GAGE INDUCTION O NEMA DESIGN BY O PURGCHASER O MANUFACTURER
23| s¥NCHRONOUS DESGRIPTION
24 O POWER FACTOR REGD O ENCLOSED COLLECTOR RINGS:
25l Excimamion: O BRUSHLESS QO sLip RING O PURGED: MEDILIM PRESS (BAR) (KP3)
26 O FIELD DISCHARGE RESISTOR BY MOTOR MFR O EXPLOSION-RESISTANT NON-PURGED
27|{C WoUND ROTGR INDUGTION O FORGED VENTILATION
28{|0y [ PRESS. DROP ] HaO
29|ENCLOSURE: (6121 ¢) O BEARING TEMP DEVICES:
20||O TerC [ Locanion
2f[O Tewac O TEIGE, USING GAS [] oescripTion
a2 O DOUBLE WALL GARBON STEEL TUBES [Nsera °C FOR ALARM *C FoR[SHUTDOWN
a3 O WATER SUPPLY: PRESS (tPa) (bar) TEMP. O O SPACE HEATERS:
34 O WATER ALLOW. A P O\ * (3] (bar) & TENP. RISE G ] kw O voLTs PHASE HERTZ
a5 O WATER-SIDE MIN. CORPRALLOW i O MaX. SHEATH TEMP e
26 AND FOUL FAC TR WINDING TEMPERATURE DETECTORS:
a7 O (alR) (aas) sURPLY PRESS {kPa) (bar) O THERMISTORS NG /PHASE
38 O TvPE: O POS TEMP. COEFF O NEG. TEMP|COEFF
39|[{O WEATHERPRATEC TED, TYPE TEMPERATURE SWITCH Oves Ono
40||O FORCEDMENTILATED O RESISTANGE TEMPERATURE DETECTORS: NO/PHASE
21||{O aPENTTRIPPROGF [] resistancE maTL Il CHMS
42||CropEn SELECTGR SWITCH & INDICATOR BY OrurcHh O MrR
43| USFE S o craporugusia e
44 O EEexdle) O Exxp/ExN G FORALARM °C FOR SHUTDGWN
45|BASIC DATA: WINDING TEMP. DETECTOR & SPACE HEATER LEADS:
16| O VOLTS PHASE HERTZ QO IN SAME CONDUIT BOX
47| [] NAMEP LATE 1awi SERVICE FAGTOR (6.1.2.1g) QO IN SEPARATE CONDUIT BOXES
48] © SYNCHRONOUS revimin O MOTOR ARRANGED FOR DIFFERENTIAL PROTECTION:
29| O INSULATIGN: CLASS TYPE O SELF-BALANCE PRIMARY GURRENT METHOD
so| O TEMP RISE  __ °C ABOVE ___°C BY Q ©T DESCRIPTION
51 _ _ QO EXTENDED LEADS []enaH m
52 (O SURGE CAPACITORS
© IS0 2007 — Al rights reserved 83
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ROTARY-TYPE POSITIVE-

48
49
o

f=]

EXCITATION FIELD AMPS @ FLILL LOAD & RATED P.F.

DISPLACEMENT COMPRESSOR JOB NO ITEM NO
DATASHEET REVISION NO DATE
S| UNITS PAGE 9 OF 9 BY

] ACCESSORY EQUIPMENT (CONT'D} MANUFACTURER'S DATA {CONT'D.)

2| O LIGHTNING ARRESTERS BEARING: TYPE LUBR

3| O ¢.T FORAMPMETER LUBE 0IL REQUIRED min & kPa (har)
4 C DESGRIPTION TOTAL SHAFT END FLOAT

5| MAIN CONDUIT BOX SIZED FOR: LIMIT END FLOAT TO

8| O MalN METOR LEADS O TYPE. WOTOR FOTOM ] WEZE

7 C ns|LaTED O NON-INSULATED MOTOR HUB: []soLp [Jspur

5| O ¢.7'S FPR DIFF. PROTECTION (MOUNTED EY ) |FOR TEWAC & TEIGF MOTORS:

3| O sURGE §APACITORS (MOUNTED BY ) COOLING WATER REQD mh

10] O LIGHTNING ARRESTERS (MGUNTED BY ] CW.TEMP RISE _ °C PRESS.DROP kPa (bar)
1| O ¢.T. FOR AMPMETER (MOLINTED BY ] (AR) (GAZ)REQD. __ m%h PRESS. MAINT: mm Ha®
12 © sPACE fOR STRESS CONES CURVES REQD. BASED ON MTR SATURATION @ RATED

13| © ARFILTERS: VOLTAGE

14 [T wrs: []rvee O SPEED VS TORGLE [ALSC @ () % RATED VOLTAGE)

15 [ ] MANUFACTURER'S DATA O SPEED VS, POWER FAGTOR

18|ManNUFACTURER O SPEED VS CLRRENT

17|FRAME NO FULL LGAD RPM (IND.) MASSES (kg):

18|EFFICIENGY{F L a4 L 12 L NET MASS SHIPPING MASS

19|PWR FACTCJR (IND): F.L L 12 L ROTOR MASS MAX. ERECTION MASS [
20{CURRENT (HATED VOLT): FULL LOAD LOCKED ROT MAX. MAINT MASS (IEENTIFY) B
21|LOCKED ROTOR POWER FACTOR DIMENSIONS (MILLIMETERS):
22|LOCKED ROTOR WITHSTAND TIME (COLD START) L W H
23| TORQUES (Nm): FULL LoaD SHOP INSPECTION AND TESTS
24|  LockeqRroTOR STARTING (SYN.) REQUIRED WITNESS
25| PULL-UA (IND) PULLAN (SYN.) SHEPINSPECTION O ®)]
25 BREAKLCWN (IND ) PULL-CUT (SYN) TESTING PER O IEC O NEMA O 9]
27 MFR. STD. SHOP TESTS O O
28|OPEN GIRCUIT TIME CONSTANT (SEG) IMMERSION TEST @) @)
20| SYMMETRICKL CONTRIBUTION TO 30 TERMINAL FAULT: SPEGIAL TESTS (LIST BELOW)
ao|aT 12 CYOLES AT S CYCLES @] O
31|REACTANCHS: SUB-TRANSIENT (x"4) @] @)
3| TRANSIENT ) SYNCHRONOWS (x ) o @)
aa|ac. STATOH RESISTANGE OFNS.@ G ®) ®)
24|RATED KvA PAINTING:
as|kva INRUSH @ FULL VOLT. & LOCKEDGOTOR (SYN) % | O MANUFACTURER'S STANDARD

as|kva @ FULL[VOLTAGE & 95% SPEED. % |O

a7|MAX. LINE GYIRR. IN STATOR @ YST SLIP GYC. @ PULL-OUT SHIPMENT

38| (svH) O pomesTIC O EXPORT () EXPORT BOXING REQUIRED
20| ACCELERATION TIME(BTRONLY @ RATED VOLT ) sec | QUTDOGR STORAGE OVER 3 MONTHS

a0{acCEL. TIME (MTAE LOAD @ 85% RATED VOLT) SEC

s|ROTORFIELD Wik3@ MTR SHAFT (MN.m?) REMARKS:

42|ROTATION FACING COUPLING END

43|NO. OF STARTS PER HOUR

44

45|FIELD DISCHARGE RESISTOR OHMS

46|RATED EXCITATION FIELD VOLTAGE 0.C

47|RESISTANCE OF EXCITATION FIELD @ 25°C OHMS

EXCITATION FIELD AMPS: MAX MIN

EXCITATION FIELD || RHEOSTAT [ FixED RESTR REGD.
SUPPLIED BY

84
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JOB NO. ITEM NO.
ROTARY-TYPE POSITIVE- PURCHASE ORDER NO. DATE
DISPLACEMENT COMPRESSOR REQUISITION NO.
DATASHEET INQUIRY NO.
USC UNITS PAGE 1 OF 9 BY
O prawmaunts: Os Quse ObuaL (a3
1|appLicARLE TOO PRoPOSAL O PURCHASEQ AS BUILT DATE REVISION
2|FoR UNIT
a|siTE SERIAL NO.
a|sERVICE NO. REQUIRED
S|NANUFACTURER MODEL DRIVER (6.1)
6lfoteE: O INDICATES INFORMATION TO BE COMPLETED BY PURGHASER [ ]BY MANUFACTURER
7 OPERATING CONDITIONS
8 NORMAL | MAXIMUM OTHER CONDITIONS (5]1.4)
9 ALL DATA ON PER UNIT BASIS (228) (513) A B C D
10

11] [y CERTIFIED POINT &/ ) (514)

12 D GAS HANDLED (ALSO SEE PAGE 2)

13| |O REQUIRED GAPAGITY MMSGFD/SCFM (14.7 PSIA AND 60°F ) (DRY ) (3.40)
14| [O MASS FLOW, Ibs/hr — (WET)(DRY)

15 INLET CONDITIONS: O COMPRESSOR INLET FLANGE OCUSTOMER CONNECTION
18 [O PRESSURE (PSIA)

17} O TEMPERATURE (°F)

18] [ RELATIVE HUMIDITY (%)

19 D RELATIVE MOLECULAR MASS (21)
20 :l Copiov (£4) OR(K aya) (5.1.154d)

21| [[] COMPRESSIBILITY (Z) OR (Zsyg) (51158 )
22| [ ] INLET VOLUME FLOW (GFM) (3.18)

23]| DISCHARGE CONDITIONS: (O COMPRESSOR DISCHARGEFMANGE (O CUSTOMER CONNEGTION
24] [O PRESSURE (PsIA)}

25| | ] TEMPERATURE (F)

26| | ] oo (k) OR (& )

27| [[] COMPRESSIBILITY (Z,) OR (Zaye)

28] | ] oEW POINT (°F)

20| [O olL cARRYOVER {parts per million by mass}
30| | ] BHP REQUIRED (ALL LOSSES INGL )

a1 [ ] sPEED (revimin

a2| [ ] PRESSURE RATIO (®)

a3 [ ] voLUMETRIC EFFICIENGY. (%)

24| [ ] SILENGER 4P (PS)-(5EH)

35| [O SETTLE-OUT PRESSURE (PSIA) (5.1.5)
as| | ] PERFORMANGE-CURVE NO.

a8 PROCESS CONTROL: (5.4.2.1)
a9 MEITHOD: O SLIDEVALVE

40 O BYPASS FROM TO

a1 O BYPASS: Owmanual O auto

42 (O SPEED VARIATION FROM TO

43 O oTHER

44| siGNAL: O soURCE

45 O 1vpPE

46 O RANGE FOR PNEUMATIC CONTROL revimin @ PSIG rewimin @ PSIG
47 (O OTHER

28]  semvice: O SPEGIAL-PURPOSE (351) C GENERAL-PURPOSE (3.13)

49 O contnuous O INTERMITTENT (O STANDBY (3.53) O DRY SCREW 3.8) O FLOODED SCREW (3.10)
50| REMARKS: Unless otherwise noted, all pressures are GAUGE pressures.

51

52

53

54
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DISPLACEMENT COMPRESSOR

JOB NO. ITEM NO.
DATASHEET REVISION NO. DATE
USC UNITS PAGE 2 OF ¢ BY
1 GAS ANALYSIS (5.1.15 d) NOR- | Max- OTHER GONDITIONS O REMARKS
2O moLw O MaL | mum | A B & )
3 MW
A|AIR 28966
sloxyaen 32.000
slnITROGEN 28.016
7lwaTER vAHOR 18.016
alcarBON MgNOXIDE 28010
olcarBoN DIpXIDE 44010
10|HYDROGEN|SULFIDE | 34.076 (511.110)
11|HYDROGEN 2016
12|METHANE 16.042
13|ETHYLENE 28.052
14]ETHANE 30.068
15|PROPYLENE 42.078
16|PROPANE 44.094
17|-BUTANE 58120
18|n-BUTANE 58120
19]-PENTANE 72148
20|n-PENTANE 72148
21|HExanE pLps
22
23
24l O corrpsive (5111.7)
25| O soLID RARTICLE (5.1.95)
26| O LioUIDPARTICLE (5.1.25)
27] O NACE MATERIALS (511.1.10)
2afTOTAL
29| RELATIVE MOLECULAR MASS
30|SITE DATA:
a1|LOCATION:[5.1.18) NOISE SPECIFICATIONS: (5.1.19)
32| O npoo QO HEATED O UNPER ROOF O APPLICABLE TO MACHINE
23| O ouTDCbR O UNHEATED Q/PARTIAL SIDES SEE SPECIFICATION
34| O GRADH O MEZZANINE O O APPLIGABLE TO NEIGHBORHOOD
35| O WINTERIZATION REQD. O -TROPICALIZATION REQD. SEE SPECIFICATION
36| O ELEvAfION £/~ BAROMETER Psiay | acousTic Housing: (5120) Q ves QO no
37| O RANGE|OF AMBIENT JEMPS:  DRY BULB WET BULB SOUND LEVEL B @ FT.
38 SITE RATEDE dBRE: 20 MICRO PASCAL
39 NORMAI=E APPLICABLE SPECIFICATIONS:
40 AXIMUM °F
a1 | BN IR E QOracalstic
42|ELECTRICAL AREA CLASSIFICATION: (5.1.18, NFPA 70) Q) MOTOR
43l O aREA o @R ___ DV
24|UNUSUAL CONDITIONS: Opoust O ruMes
45| O OTHER
46 PAINTING:
47 O MANUFAGTURER'S STD
48 O oTHER
49
50| (O VENDOR HAVING UNIT RESPONSIBILITY: (3.56) SHIPMENT: (7.4.1)
51 O poMESTIC O export O BXPORT BOXING REGD
52 O LONG TERM STORAGE FOR MONTHS
53|REMARKS:
54
hh)
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DISPLACEMENT COMPRESSOR JOBNO. ITEM NO.
DATASHEET REVISION NO. DATE
USC UNITS PAGE 3 OF 9  BY

1| ] sPeEDS: [JsHAFT: (5.5.1.2)

2 MAX. CONT. (3 22) rev/min - TRIP (3.55) rev/min MATERIAL

a|  MAX. TIP SPEEDS: FPS @ MAX. OPER. SPEED DIA @ ROTORS (IN.) DA @ COUPLING (IN)

4] MIN.ALLOW (3 25) revimin SHAFT END [Jrarerep  [[] GYLINDRIGAL (5515&55.16)

5| [JHLAIEBAL CRITICAL SPEEDS: (57 1.4) SHAET S| FEVES:

el | FRsTcRIMICAL revimin | O AT SHAFT SEALS Owmar..

7 DAMPED UNDAMPED [JnminG GeARS: (552)

8 MODE SHAPE PITCH-LINE DIAMETER (IN.) MALE: FENIALE:

of | LATERAL GRITICAL SPEED - BASIS: MATERIAL
10 O DAMPED UNBALANGE RESPONSE ANALYSIS [ sharT seaLs: o
1 [JoteR Tvpe AnALYSIS: @reory | O SEAL-SYSTEM TYPE (5.6.1.7)
12| [[] PocKET-PASSING FREQUENCY: Hz [J oL LEAKAGE (GALDAY/SEAL)
13| [[] TORSIONAL CRITICAL SPEEDS: (5.7.2) O TYPE BUFFER GAS (56.2.1)
14| | FIRST CRITICAL revimin | ] BUFFER GAS FLOW (PEASEAL)
15| | SECOND CRITICAL revimin NORMAL: HMIN. @ PSIG
16| [[] viBRATION: (5.72.69 MAX - #HMIN. @ PSIG
17 HOUSING iPs s | [] BEARING HOUSING: (5.9)
18 SHAFT TYPE (SERARATE, INTEGRAL) SPLIT
19 [] ROTATION, LOOKING AT COMPRESSOR DRIVEN END: D CW D CcCw MATERIAL
20 [] CASING: D HYDRODYNAMIC RADIAL BEARING (IDENTIFY HIGHEST LOADED BEARING) (5.8.5.1)
21| | mopEL TYPE sPAN(Ny |
22| | CASING SPLIT AREA (IN %) LOADING {PSI): ACT. ALLOY
23| | MATERIAL O CLADDING (5.2.10) NO. PADS ROTORON __ ORBETWEEN | paDs
24] | opemaTiON: O DRY () FLOODED, w/ LIQUID PAD MATERIAL
o5] | THICKNESS (IN ) GORR. ALLOW (IN ) TYPE BABBITT THICKNESS R
26] | MAX. ALLOWABLE WORK PRESS. (3.21) PSIG O TEMP SENSORS (58.1.5)
27] | RELIEFVALVE SETTING PSIG O ¢ QRIDTYPE
28] | MARGIN FORACCUMULATION PSIG NO. PER BRG
20| | LEAK-TEST Gas: PRESS. (PSIG) (7.334.3) [[] ROLLING ELEMENT RADIAL BEARING (5.5 )
a0] | TEST PRESS. (PSIG)HE (7347 HYDRO (7.3.2) TYPE: Ndm
a1l | max aLLOw. TEMP. <F (MIN OPER. TEMP. F ENERGY DENSITY:
32 COOLING JACKET DYES D NO D HYDRODYNAMIC THRUST BEARING (IDENTIFY HIGHEST LOADED BEARING) (5.8.3.2)
3] [[] roToRs: (5.51) TYPE
34| | DIAMETER (IN.) MALE: FEMALE: MFR. AREA (IN.%)
35| | NOLOBES: MALE: FEMALE: LOADING (PS): ACT. ALLO
as] | TvPE: NUMBER OF PADS
a7l | TYPE FARRICATION PAD MATERIAL
as] | MATERIAC TYPE BABBITT THICKNESS | Ny
39| | mAX YIELD STRENGTH (PS)) O TEMP SENSORS (5.8.1.5)
20| | CBRINELL HARDNESS MaX. MIN. O ¢ QRIDTYPE
21|~ ROTORLENGTH TO DIAMETER RATIO (/D) MALE: NO PER BRG JACTIVE CJINACTIVE
42l ROTOR CLEARANGE (IN) [[] ROLLING ELEMENT THRUST BEARING: (5.8.2)
43 TYPE: Ndm:
44]  INTEBNALIYCOOIED [7] YES [JNO ENERGY DENSITY (kW/min)
5
16|REMARKS:
47
48
19
50
51
59
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ROTARY-TYPE POSITIVE-
DISPLACEMENT COMPRESSOR
DATASHEET
USC UNITS

JOBNO. ITEM NO.
REVISION NO. DATE
PAGE 4 OF 9 BY

1| ] PROCESS CONNEGTIONS - COMPRESSOR CASING (5.3): AXIAL POSITION DETECTOR: (6.4.4.3)
2 ANSI Facing | Onentation O IN ACCORDANCE WITH: AP| 670
3 SIZE RATING O TYPE [ ] MODEL
4  casiNg (53 O MFR. []no. REaD
5 INLET O OSCILLATOR DETEGTORS SUPPLIED BY
6 DISCHIARGE O MFR. I mopEL
7] [ ] PROCE$S CONNECTIONS - GUSTOMER INTERF AGE: © MONITOR SUPPLIED BY
8 INLET] () LOCATION ENCLOSURE B
9 DISCHARGE O wrFR. [ ]mopEL
10| [_] cASING - ALLOWABLE PIPING FORGES AND MOMENTS: (5.4) [lscaerance O aLarm: [seTe@
1 INLET DISCHARGE O sHuoown: [ |seTe QO TIMEDELAY gc
12 Force| momT | Force| momT | Force| Momt
13 B |Fre| B |Fre| B | FTLB
14| AxiaL X COUPLINGS: (52)
15| VERTIGAL ¥ O IN ACCORDANGE WITH: AP 671
18]  HORIZpoc Z OTHER (SPECIFY)
17
18 INLET DISCHARGE DRIVER-COMP
19]  AxiaL X OR GEAR-COMP
20]  VERTIGAL Y DRIVER
21l HORIZ o 7 O makE
22| [_] OTHER FONNEGTIONS: [mopeL
23 SERVICE: no| size TYPE/RATING | O MOUNTEPLG. HALVES
24]  LUBE-O[L INLET O sPAGE REQUIRED
25|  LUBE-O[L OUTLET O L{MITED END FLOAT REQD
28]  SEAL-OL INLET (O MOMENT SIMULATOR REQUIRED (6.2.5)
271  SEAL-O[L OUTLET [ ] cPLa. RATING (HP/100 revimin)
28]  CASING{DRAINS (53.4) [ KEYED (1) OR (2) OR HYDR. FIT
29]  VENTS
ao]  COOLINGWATER INLET BASEPLATE & SOLEPLATES: (6.3.2 &6.3.3)
31| COOLINGWATER OUTLET SOLEPLATES FOR O COMPRESSOR O GEAR O DRIVER
az]l  LIUID NJECTION BASEPLATE:
2l Ol INJBCTION
a4]  PURGEFOR: O COMMON (UNDER GOMP. GEAR & DRIVER)
a5 BR¢:. HOUSING O UNDER COMP. ONLY O oTHER
26 BETWEEN BRG. & SEAL O DECKED WITH NON-SKID DECK PLATE O OPEN GONSTR.
a7 BETWEEN SEAL & GAS O DRIPRIM O WITH OPEN DRAIN O sUBPLATE
as| OO OTHER O HORIZONTAL ADJUSTING SCREWS FOR EQUIPMENT
a9 O SUITABLE FOR COLUMN SUPPORT (6.3.2.4)
40|VIBRATION PETECTORS:\(6.4.4.3) © SUITABLE FOR PERIMETER SUPPORT
41 O IN ACCORDANCEWITH: APl 670 © EPOXY GROUTEPOXY PRIMER (63.1.6)
2] O 1vrE SEISMIC [[] pIsPLACEMENT LUBE-OIL SYSTEM (5.10)
43 D MODEL O LUBRICABT RAARMUEACTURED
44| O wmFR. © LUBRIGANT TYPE GRADE (IS0 3448 )
45| O NO. ATEACH SHAFT / HOUSING TOTAL NO. O 614 LUBE-OIL SYSTEM (5.102.3 &5.10.3, ANNEX D)
46| O OSCILLATOR DETECTORS SUPPLIED BY © COMMON (5.10.2.1) O DEDICATED SYSTEM
a7l O wMrR. [ ]mopEL O OILFILTER (5.10.3.2)
43| O MONITOR SUPPLIED BY O OIL GOOLER (5.10.3.3): TYPE N
2| O Location ENGLOSURE O OILPUMP (5103.4): TYPE N
so] O mMFR. [ JmoneL O OIL SEPARATOR (5.10.3.5)
51 [scaterance O aLanm. [NseTa RGE [Ino.
so|]  Oshuton:  [sETe QO TME DLY SEC [ ] 0IL CARRYOVER (PPM-BY WT) (GALDAY)
53| O PHASE REFERENGE TRANSDUCER _ [ ] RETENTION TIME (MIN)
54 O RELIEF YALVE O LEVEL GAUGE
55| [ JLEvEL swiToH [] PRESSURE DIFFERENTIAL INDICATOR
56 [JeLecTricHEATER
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ROTARY-TYPE POSITIVE-
DISPLACEMENT COMPRESSOR JOB NO. ITEMNO.
DATASHEET REVISION NO. DATE
USC UNITS PAGE 5 OF 9  BY
4|uTILITY cCONDITIONS: (ALL UNITS ARE "GAUGE") [Jmasses 1LBs):
2|  STEAM DRIVERS HEATING COMPR. GEAR DRIVER BASE
3| INLET MIN. Pala oF Pala oF ROTORS: COMPR. DRIVER GEAR
4 NORM _FS\G _"F _PS\G _°F COMPR. UPPER CASE
5 MAX | ese | oF T s ok L.O. CONSOLE S.0. CONSOLE
o[ AT N s T e T MAX. FOR MAINTENANGE (IDENTIFY)
7 NORM :psm :=F :Pswa :°F TOTAL SHIPPING MASS
3 MAX. PSIG _"F PSIG _°F
o|ELECTRICITY: SHUT- [[] sPAGE REQUIREMENTS (FEET & INCHES):
10 DRIVERS HEATING CONTROL DOWN COMPLETE UNIT L W H
11lyoLtace L.O. CONSOLE L W H
12|ERTZ 5.0, CONSOLE: L W H
13| PHASE
14|¢00OLING WATER |miscELLANEOUS:
15| TEMP. INLET oF MAX. RETURN | [] RecOMMEND STRAIGHI“RUN OF PIPE DIA. BEFORE SUCTI(N
16| PRESS. NORM PSIG DESIGN PsiG O VENDOR'S REVIEW &COMMENTS ON PURCHASER'S PIPIN
17l|  MIN.RETURN Psla MAX. ALLOW A P Psl & FOUNDATION (5.1-16)
8| waremsoumce O VENDOR REPRESENTATIVE OBSERVATION AT THE SITE (5[1.17)
19| INSTRUMENT AIR: O opTIcAKALIGNMENT FLATS REQUIRED ON GOMPRESSOR|
20lhax_PRESS. PSIG MIN. e GEAR&DRIVER
21| ] ToTaL uTiLITY consumPTION: O LATERAL ANALYSIS REPORT REQUIRED (5.7.1.4)
29||  cooLNG WATER GPM OTORSIONAL ANALYSIS REPORT REQUIRED (5.7.2.1)
23||  STEAM, NORMAL Ibshr O GASING MOUNTED TORSIONAL SHAFT VIBRATION PICKUP
24|  STEAM, MaX. Ibs/h  COORDINATION MEETING (8.1.3)
25||  INSTRUMENT AIR SCRM
26|]| HP(DRIVER) HP
27
28
29
30|$HOP INSPECTION AND TESTS (7.1): REQ'D WITNESS OBSERVE JINLET & DISCHARGE DEVICES:
31|$HOP INSPEGTION (7.1.5) O (@] O (O HIGH-EFFICIENCY INLET SEPARATOR REQUIRED (6.8 5)
a2|iYDROSTATIC (73.2) O O QO | O INLET AIR-FILTER DP INDICATION TYPE (6.7.3}
33|HELIUM LEAK (7.34.7) O @) O | O PULSATION SUPPRESSORS FURNISHED BY
24|MECHANICAL RUN (7:3.3) O O O | O sPARE PARTS TO BE SUPPLIED (823 1y
a5|MEGHANICAL RUN SPARE ROTORS (73342 O O O O ROTOR ASSEMBLY
36|EASING LEAK TEST (7.3:8.43) O O O QO sEaLs O GASKETS, O-RINGS
27| PERFORMANCE TESTIGAS) (AIR) (7.3.42) O O Q O START-UP/COMMISSIONING
28| COMPLETE-UNIT TEST (73.4.3) O @] O O = YEARS' SUPPLY
39|UiSE SHOP LUBE & SEAL SYSTEM O O O QO oTHER
20|lISE JOBLLUBE & SEAL SYSTEM (7.2 4.9) @] O Q
41|ISESMOP VIBRATION PROBES, ETC. O O QO  |rEmaRrks:
42|lISELJOB VIB. & AXIAL DISP. PROBES, O O (@)
43|USE SEISMIC TRANSDUCERS & MONITORS QO QO
44|USE JOB-MONITORING EQUIPMENT @] O O
45|PRESSURE COMP. TO FULL OPER. PRESSURE QO O Q
46|DISASSSEMBLE-REASSEMBLE GOMP.
47l AFTER TEST (73410 O O (@)
48|SOUND-LEVEL TEST (7.34.8) O O O
29| TANDEM TEST (734 .5) o (@] (@]
50| AUX_-EQUIPMENT TEST (7.3.4.9) O O @)
51|FULLLOAD TEST (7.34 11) O (@] (@)
52| RESIDUAL UNBALANGE CHECK (5.7.3.5) (@) (@] O
53
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ROTARY-TYPE POSITIVE-
DISPLACEMENT COMPRESSOR

JOB NO. ITEM NO.
DATASHEET REVISION NO. DATE
USC UNITS PAGE 5 OF @ BY
VENDOR SHALL FURNISH ALL PERTINENT DATA FOR THIS SPECIFICATION SHEET BEFORE RETURNING.
ITEM NO. SERVIGE JOB NO.
MANUFACTURER
1|REFERENCE SPECIFICATIONS: (6.4.1.2) APPLICABLE SPECIFICATIONS: O IEC O NEMA
2 1SO 10438 O YES O NO ABEA CLASSIFICATION:
3 NOTE kor the purposes of this provision AP 614 is equivalent to IS0 10438 O AREA: CL. - GR _ DIV. _ O NON-HAZARDOUS
4 MOTOR CONTROL & INSTRUMENT VOLTAGE:
5 VOLTS PHASE CYCLES
6 ALARM & SHUTDOWN VOLTAGE:
7 VOLTS PHASE CYCLESOR o
s|LocAL cONTROL PANEL: (6.43)
o]  FURNIHED BY: Ovenoor  [Jrurcraser  [JotHers
1ol [Jrrfestanong  [JweatHerproor ] TOTALLY ENCLOSED ] extracutouts
1| [JvgrationisoLaTors [JstripreaterRs  [] PURGE CONNEGTIONS
12l [JANNUNGIATOR: FURNISHED BY: Ovenoor ] purcHaser [Jorhers
13 ANNUNCIATOR LOGATED ON [Jrocat paner [Jmam controL BOARD
14] [ ouBTOMER CONNECTIONS BROUGHT OUT TO TERMINAL BOXES BY VENDOR
15|INSTRUMENT SUPPLIERS:
16] © PRESSURE GAUGES MFR. $17E & TYPE:
17] © TEMPERATURE GAUGES: MFR. SIZE & TYPE:
18] O LeveL gavaes: MFR. SIZE & TYPE:
19| © DIFF-PRESSURE GAUGES: MFR. SIZE & TYPE:
20| © PRESSYIRE SWITCHES MFR. SIZE & TYPE:
21| © DIFF-PRESSURE SWITCHES MFR. SIZE & TYPE:
22| © TEMPERATURE SWITCHES: MFR. SIZE & TYPE:
23| O LEVEL $WITCHES: MFR. SIZE & TYPE:
24| O CONTRPL VALVES: MFR. SIZE & TYPE:
25 O PRESSYRE-RELIEF VALVES: (6.4.4.6) MFR. SIZE & TYPE:
26| © THERMAL-RELIEF VALVES: (6.4.4.6.4) MFR. SIZE & TYPE:
27| © FLOW INDICATORS: (6.4.4.9) MFR. SIZE & TYPE:
28| O GAS FLOW INDICATOR MFR. SIZE & TYPE:
29| © VIBRATION EQUIPMENT MFR. SIZE & TYPE:
a0| © TACHOMETER: (6.44.2) MFR. RANGE & TYPE:
31| O SOLENID VALVES MFR. SIZE & TYPE:
32| © ANNUNEIATOR: (6.4.5.4) MFR. MODEL & NO. POINTS
23| O DEPREBSURIZATION VALVE (6.4.4.7) MFR. SIZE & TYPE:
24 MFR. SIZE & TYPE:
as NOTE: ] supPLID BY VENDOR QO SUPPLIED BY PURCHASER
36|PRESSURE {GAUGE REQUIREMERTS  LOGALLY LOGAL LOGALLY LOGAL
a7|FuNcTION MOUNTED (3.12) PANEL (331} | FUNCTION MOUNTED (3.12) PANEL (3.31)
as|l  LuBE-L PUMP DISGRARGE o do GOV CONTROL OIL go o
3]  LUBEQL FILTERA> Oo Oo GOV. CONTROL OIL A P go go
s0|  LuBe-dL gUPPLY o Qo MAIN STEAM IN go Qo
21| SEAL-CHFOMPBASCHARGE Ao Ho TGS AR Ho o
42| SEALOILFILTERA £ Qo Oo STEAM CHEST o 0o
43| SEAL-OIL SUPPLY (EACH LEVEL) Oo go EXHAUST STEAM go go
44| SEAL-OIL DIFFERENTIAL Oo Oo EXTRAGTION STEAM o o
45|  REFERENGE GAS o Oo STEAM EJECTOR Oo o
28] BALANCE LINE o Qo COMPRESSOR SUCTION go Qo
47| SEAL EDUCTOR Oo Oo COMPRESSOR DISCHARGE o Oo
s8] BUFFER SEAL Oo Oo 0o o
48] OIL/GAS COALESCING FILTER & 2 o gJo
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ROTARY-TYPE POSITIVE-

ISO 10440-1:2007(E)

DISPLACEMENT COMPRESSOR JOB MO ITEM NO
DATASHEET REVISION NO DATE
USC UNITS PAGE 7 OF 9 BY
VENDOR S HALL FURNISH ALL PERTINENT DA TA FOR THIS SPECIFICATION SHEET BEFORE RETURNING.,
ITEM MO SERVICE JOB NO
MANUFACTURER
1[TEMPERATURE-GAUGE REQUIREMENTS:
2 LOGALLY LocAL LOCALLY LOGAL
A _ELUNGTION BACTINTEDR (3 42 PANEL [ 13 ELNCTION RACIINWTEDR (2129 PANEL (3 37)
4| LUBE-OIL DISCHARGE FROM EA o 0o cooLEROILINETECUTLET ___ [J O o
5 COMPR. JOURNAL BEARING o o SEAL-QIL GUTLET o o
g DRIVER JOURNAL BEARING o o COMPRESSOR SUCTION @) o
7 CEAR JOURNAL BEARING 0o 0o COMPRESSOR DISCHARGE IRN@] o
8 COMPRESSOR THRUST BEARING o 0o LUBE-QIL RESERVOIR 10 o
9 DRIVER THRUST BEARING o 0o LUBE-OIL SUPPLY 0o o
10 GEAR THRUST BEARING o o o o
11[MISCELLANEOUS INSTRUMENTATION:
12|[] © priveR sTaRTSTOP [Jiocatpanel [ SEPARATE PANEL Emain soarn
13[] © sIGHT FLOW INDICATORS, EACH JOURNAL & THRUST BEARING & EAGH COUPLING OIL RETURN LINE
14{[] © s1GHT FLOW INDICATORS, EACH SEAL-OIL RETURN LINE
15{[] © LEVEL GAUGES, LUBE AND/OR SEAL-OIL RESERVOIR, 5.0. DRAIN TRAPS & 5.0, OVERHEAD TaNK
16{[] © vigRATIGN AND SHAFT-POSITION PROBES & PROXIMITORS
17{[C] © vigRATIGN AND SHAFT-POSITION READOUT EGUIPMENT
18|| ] © viBRATIGN READCUT LOGATED ON: [ LocaL panEL [] sEPaBATE PANEL [ main BoaRD
10{[C] © TURBINE-SPEED PICKUP DEVIGES
20|[] © TuRBINE SPEED INDICATORS
21|[(J] O TuRsINE-SPEED INDICATORS LOCATED ON [ iocaLekneL [ main BoarD
22|[] © REMOTE HAND SPEED GHANGER - MOUNTED ON LOGAL PANEL
23|[[1 © aLarm HORN 8 ACKNOWLEDGMENT SWITCH
24| RLARM & SHUTDOWN: (64 5.2) PRE
25 FUNGTION ALARM TRIP FUNCTION ALARM TRIP
2¢|[[] O Low LUBECIL PRESSURE [] © TURBINE VIBRATION
27{[] © HILUBE-CILFILTER & P [] © 1usBINE mxiaL POSITION
28|[] O HI SEAL-OIL FILTER A P [] O cEearviBRATION
29|[] O Low LURE-0IL RESERVTIR LEV [] O ceaR AxiAL POSITION
30|[[(] © Low SEAL-0IL RESERVOIR LEY [] O coMPRESSOR MOTOR SHUTDOWN
31|[(] O Hi seaL-olL LEVEL [] © TRIP & THROTTLE VALVE SHUT
s2|[(] O Low seaL-oiL LEVEL [] © HiTURE. STEAM SEAL LEAKAGE
35|[] O Hi seaL-oIL PRESSURE [] © HICoMPR. THRUST ERG. TEMP.
34|[(] O Low seaL-ciPRessURE [] © HICoMPR. JOURNAL BRG. TEMP.
35|[(] O aux. sealGiplup sTART [] © HIDRIVER THRUST BRG. TEMP
a8|[[] O aux LUBEZTIL PUMP START [] O H DRIVER JOURNAL BRG. TEMP
37|[(] O H SEAOIL OUTLET TEMP. (COOLER) [] © HIGEAR THRUST BRG. TEMP
28|[] Owliaun-Ley. sUCT. SEPARATOR [] © HiGEAR JOLURNAL BRG. TEMP
39 [C1 O ComprESSOR HIDISCH. TEMP [] © comPRESSOR AP
40| (O comprEsso R vismATION [1 © Low SEALGAS PRESSURE
41| [[] O coMPRESSOR AXIAL POSITION [] O HICOALESCING GAS/OIL FLTER AP
41| ] O M LUBE-0IL SUPPLY TEMPERATURE Oo
42|CONTACTS:
43| ALARMCONTACTS SHALL [Jopen [ CLOSE TO SOUND ALARM AND BE NORMALLY [] eNERGIZED [] oe-ENERGIZED
44| SHUTDOWN GCONTACTS SHALL [Joren  []CLOSE TO TRIP AND BE NORMALLY [] ENERGIZED [] pe-ENERGIZED

45 NOTE:

NORMAL CONDITION 13 WHEN COMPRESSOR IS [N OPERATION

46|MISC ELLANEQUS:
47| O INSTRUMENT TAGGING REGUIRED

50 I:l BROUGHT OUT TO TERMINAL BOXES
S1|COMMENTS REGARDING INSTRUMENTATION:

48 O ALARM AND SHUTDOWN SWITGHES SHALL BE SEPARATE
49|PURCHASER'S ELECTRICAL AND INSTRUMENT CONNECTIONS WITHIN THE CONFINES OF THE BASEPLATE AND CONSOLE SHALL BE

I:l MADE DIRECTLY BY THE PURCHASER

52
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ROTARY-TYPE POSITIVE-
DISPLACEMENT COMPRESSOR

JOB NO. ITEM NO.
DATASHEET REVISION NO. DATE
USC UNITS PAGE 8 oF ¢ BY
APPLICABLE TO: QO PROPOSAL O PURCHASE O asBuLT
FOR UNIT
SITE DRIVEN EQUIP.
SERVICE NO. REQURED
MODEL SERIAL NO
NOTE:  O|INDICATES INFORMATION TO BE COMPLETED BY PURGHASER [IBY MANUFACTURER

MOTOR DESIGN DATA

MOTOR DESIGN DATA (CONT'D)

1
2
3
A
5|MANUFACTURER
6
7
8
9|APPLICABLE SPECIFICATIONS:
0

STARTING: (61.21b)

10]OQEc__| O NEMA QO FULL VOLTAGE O REDUCED VOLTAGE A
11| © aPi541 [8.12.9) O LoaDED  UNLOADED

12| O O voLTAGE DIP %

13|SITE DATA: VIBRATION:

1aJarea: Olol._ eR _ ov. O NON-HAZARDOUS O IEC STANDARD O NEMASTANDARD |
15|Oar | OaMB TEMPS MAX.  _ FMIN.__F  |NOISE:

18|uNUSUAL oPNDITIONS: QO ust O Fumes O IEC STANDARD  NEMA STANDARD |
17l O orHER ACGESSORY EQUIPMENT

18|DRIVE SYSTEM: O DIRECT CONNECTED O BasEPLATE ) SOLEPLATE O STATOR SHIFT

19) QO GEAR O MFR.STD. FANS C NON-SPARKING FANS

20 O oTHER O DC. EXCITATION:

21|TYPE MOTOR: (6121)
22| © SQUIRREL-CAGE INDUCTION
23] O syYNCHRONOUS

O NEMA DESIGN

24 O POWER FAGTOR REQD.

25|  Excmation: QO BRUsHLESS (O SLIP RING
26 O FIEID DISCHARGE RESISTOR BY MOTOR MFR.
271 © WOUND|ROTOR INDUCTION

[ kwrean QvoLts
BY: QO PURCHASER (O MANUFAGTURER
DESCRIPTION

© ENCLOSED COLLEGTOR RINGS:
O PURGED: MEDIUM PRESS. PSIG
O EXPLOSION-RESISTANT NON-PURGED
O FORGED VENTILATION

EC o) [Jorm PRESS. DROP IN. H,O
29|ENCLOSURE: (6121 ¢) O BEARING TEMP DEVICES:

30| O TEFC rocanion

31| O 1ewac| O TEIGF, USING GAS [ oescription

32l O DOYBLE WALL CARBON STEEL TUBES Osere °F FOR ALARM °F FOR SHUTDOWN
33l O WAJER SUPPLY: PRESS PSIG TEMP __F O SPACE HEATERS:

34 QO WAJERALLOW. AP PANETEMP. RISE oF O kv O vouts PHASE HER[Z
35| O WATER-SIDE MIN. CORR. &LLOW. IN. O MAX. SHEATH TEMP. °F

36 AN} FOUL FACTOR WINDING TEMPERATURE DETECTORS:

371 Q (A} (GAS) SUPPLY.PRESS PSIG QO THERMISTORS NOLPHASE

38 O TvPe. O POS. TEMP. COEFF O NEG. TEMP. COEFF.

39| O WEATHER PROTEGTED, TYPE TEMPERATURE SWITCH: Oves Ono

20| O FORCED) VENTILATED O RESISTANGE TEMPERATURE DETECTORS: NO/PHASE |
21| O OPEN - BRIRRRGGE Clresisrancemate. | SHMS

22| © opEN SELEGTOR SWITCH & INDICATOR BY QO rurcHr. O MFR
13 [Jmax. sTATOR WINDING TEMPS:

el °*F FORALARM °F FOR SHUTDOWN
45|BASIC DATA: WINDING TEMP. DETECTOR & SPACE HEATER LEADS:

1| O VLTS PHASE HERTZ O IN SAME CONDUIT BOX

47| |:| NAMEPLATE HP SERVICE FACTOR (61.21 g) O IN SEPARATE CONDUIT BOXES

28] © SYNCHRONOUS revimin (O MOTOR ARRANGED FOR DIFFERENTIAL PROTECTION:

29| O INSULATION: CLASS TYPE O SELF-BALANGCE PRIMARY CURRENT METHOD

50| O TEMP.RISE: _ °F ABOVE __°F BY QO ¢ 1. DESCRIPTION

51 {O EXTENDED LEADS Cienam FT

52

O SURGE CAPACITORS

92
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DISPLACEMENT COMPRESSOR JOB NO. ITEM NO
DATASHEET REVISION NO DATE
USC UNITS PAGE 9 OF 9 BY

1 ACCESSORY EQUIPMENT (CONT'D) MANUFACTURER'S DATA (CONT'D.)

2| © LGHTNING ARRESTERS BEARING: TYPE LUBR

o| © o1 FoR AMPMETER LUBE OIL REGUIRED: GPM @ PSIG

4  OobescripTioN TOTAL SHAFT END FLOAT

5|MaIN CONDUIT BOX SIZED FOR: LIMIT END FLOAT TO

8| [ maln MOTOR LEADS O 1vPE: MOTOR ROTOR: []soLp N

7| O msuLateD O NONINSULATED MOTOR HUB [JsoLp []spLir

&||C .75 FOR DIFF. PROTECTION (MOUNTED BY ) |FOR TEWAC & TEIGF MOTORS

o| | suURGE capacITORS (MOUNTED BY ] COOLING WATER REQD CRM
10]|C LIGHTNING ARRESTERS (MOUNTED BY ) CW.TEMP RISE ~ __ °F  PRESS. DRSP | Psia
11||(O ©.T. FOR AMPMETER (MOUNTED BY ) (AIR) (GAS] REQD CFM PRESS. MAINT IN. H0
12|} spACE FoR STRESS CONES CURVES REQD BASED ON MTR SATURETION & RATED 1T
13||O AR FILTERS VOLTAGE
14| [Jwrr []rvee O sPEED Vs TORQUE (alk0 e % RATED VOLTAGE)
15 [ ] MANUFACTURER'S DATA (O SPEED VS POWER FaTTOR
16| MANUFACTURER (O SPEED VS CURRENT
17|FRAME NO FULL LOAD RPM (IND.) MASSES (LBS):
18|EFFICIENGY F.L. /4L 12 L NET MASS SHIPPING MASS
19|PWR. FACTOR (IND ): FL 4L 2L ROTOR MASS MAX. ERECTION MASS
20| FURRENT (RATED VOLT): FULL LOAD LOGKED RCT MAX. MAINT.MASS (IDENTIFY)
21|l ockED ROTOR POWER FACTOR DIMENSIONS (FEET & INCHES):
22| OCKED ROTOR WITHSTAND TIME (COLD START) L W H
2a|FoRaUES (FT-LBS) FULL LOAD SHOP INSPECTION AND TESTS
24|  Lockep roTor STARTING (SYN.) REQUIRED WITNESS
es||  PULL-UP (ND) PULL-N (SYN) SHOP INSPECTION @) @)
26|  BREAKDOWN (IND.) PULL-OUT (SYM.) TESTING PER O IEG O NEMA O @)
27 MFR. STD. SHOP TESTS O O
28|PPEN CIRGUIT TIME CONSTANT (SEC ) IMMERSION TEST O o
20| MMETRICAL CONTRIBUTION TO 30 TERMINAL FAQLT, SPECIAL TESTS (LIST BELOW
ao|hT 172 C¥CLES AT 5 CYCLES @) @
31| REACTANGES: SUB-TRANSIENT (x4} @) @)
32 TRANSIENT () SENCHROMOUS (xy) ®) ®)
as|h.C. STATOR RESISTANGE OHMS @ °F ®) @)
a4|RATED Kva PAINTING:
as|fava INRUSH @ FULL vOLT 2LBCKED ROTOR (SYN.) % | O MANUFACTURER'S STANDARD
as|fva @ FULL VOLTAGE® 98% SPEED % O
a7|Max. LINE CURR. (N 'STATOR OM 1ST SLIP GYC. @ PULL-OUT SHIPMENT (7 4.1)
as| (s QO poMesTIC O EXPORT (O EXPORT BGXING RERUIRED
20| RCCELERATION TIME (MTR ONLY @ RATED VOLT)) sec | O oUTDOOR STORAGE OVER 8 MONTHS
40{hoCEL TYME (MTR & LOAD @ 85% RATED VOLT) SEC
41|paTeR/EELD WIE @ MTR SHAFT (LB-FT3) REMARKS:
42| ROTATION FAGING COLUPLING END
48|NO OF STARTS PER HOUR
44
45|FIELD DISCHARGE RESISTOR OHMS
46| RATED EXCITATION FIELD VOLTAGE D.C.
47| RESISTANGE OF EXCITATION FIELD @ 77°F OHMS
48| EXCITATION FIELD AMPS @ FULL LOAD & RATED P F
40| EXCITATION FIELD AMPS. MAX MIN
solExciTaTIONFIELD [ ] RHECSTAT [ ] FED RES'TR REGD
51| SUPPLIED BY
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Annex B
(informative)

Nomenclature for rotary-type positive-displacement compressors

Figures B.1 and B.2 give the general nomenclature. Figures B.3 to B.6 are related to the vibration- and the
temperature-probe mounting.
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‘o’ 000
J
0090
7o PSRRI R,
%o o ©
5 2 4 8
Key
A inlet
B  outlet
1 casing 5 radial/thrust bearing
2 male rotor 6  timing gear
3  female rotor 7  end cover
4  shaft seal 8  drive shaft

Figure B.1 — Sections through dry screw compressor
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Key

A
B

a b WON =

96

—.

B=—j

8 9
inlet
outlet
casing 6  shaft seal
male rotor 7  hydraulic thrust compensating piston
female rotor 8 capacity-control slide valve
radial bearing 9  double-acting hydraulic piston
thrust bearing

Figure B.2 — Sections through flooded screw compressor
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Key

1 vibration probe
2 |shaft journal
3 |probe holder

Figure B.3 — Arrangement of radial-vibration probe

Key

1 vibration probe
2 shaft journal
3  probe holder

© 1SO 2007 — All rights reserved
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Figure B.4 — Arrangement of axial-vibration probe
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Key

1 tempergture probe
2  bearing
3  bearing|housing

Figure B.5 — Arrangement of radial-bearing-temperature probe

Key
1 temperature probe %M &
2 thrust bearing

3 compressor rotor
centreline

NOTE Alternative arrangement can include an embedded resistance temperature detector (RTD) or thermocouple.

Figure B.6 — Arrangement of thrust-bearing temperature probe
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Annex C
(normative)

Forces and moments

C.1 General

As

as fabulated in Tables C.1 and C.2. The vendor shall furnish the allowable forces and imomer
nozkle in tabular form.

-1:2007(E)

minimum, the compressor shall be designed to withstand external forces and moments(on'¢

bach nozzle
ts for each

These values of allowable forces and moments pertain to the compressor structure only. They dd not pertain
to the forces and moments in the connecting pipes, flanges and flange bolting{ which shall not|exceed the
alloyable stress specified by applicable codes and regulatory bodies.
Loagds may be increased by mutual agreement between the purchaser and vendor; however, it is
recommended that expected operating loads be minimized.
For[nozzle sizes not given in Tables C.1 and C.2, the allowable forces and moments shall be agreed between
the purchaser and vendor.
Table C.1 — Allowable forces
Force Nozzle nominal size DN
N 100 150 200 250 300 350 400 450 500
Fy 1368 2094 2815 3328 3 960 4908 5772 6 492 6182
Fy 3434 5253 7052 8349 9938 12294 14 455 16 269 15 490
F, 2336 3388 4527 5178 5992 6 662 7 492 8499 8270
F, 4373 6.590 8 841 10 373 12 261 14 819 17 274 19 469 18 615
Force Nozzle nominal size NPS
1oy 4 6 8 10 12 14 16 18 20
Fy 308 471 633 748 890 1103 1297 1460 1390
Fy 772 1181 1585 1877 2234 2764 3250 3 657 3482
F, 525 761 1018 1164 1347 1498 1684 1911 1859
F 983 1482 1987 2332 2756 3331 3883 4377 4185
NOTE Nozzle nominal size DN is expressed in millimetres, nozzle nominal size NPS is expressed in inches.
© IS0 2007 — Al rights reserved 929
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Table C.2 — Allowable moments

Moment Nozzle nominal size DN
N'm 100 150 200 250 300 350 400 450 500
My 2069 2754 3672 4212 5097 6 232 7316 9 605 9 191
M, 1253 2126 2836 3648 4190 5 656 6 781 7153 6 762
M, 1253 1698 2 264 2814 3334 4 491 5450 7 153 6 762
M, 2724 3871 5163 6 242 7 393 9539 11 367 13 949 13 264
Momept Nozzle nominal size NPS
by 4 6 8 10 12 14 16 18 20
My 1526 2031 2709 3107 3759 4 597 5396 7 084 6719
M, 924 1568 2 091 2 691 3090 4171 5001 5275 4 988
M, 924 1252 1670 2076 2 459 3312 4020 5275 4 988
M, 2009 2855 3808 4 604 5453 7 036 8 384 10 288 9783

NOTE N@zzle nominal size DN is expressed in millimetres, nozzle nominal size NPS is expressed in‘inches.

C.2 Equations

The x, y andl z axes are defined in Figure C.1.

3 vertical axes

3
/INFy
/
/
//
My //
> g
/
/
/
/
/
/
//
/ [ N
! 2
| VI
MZ | MX

|
|
|
-/ I
|
Key |
1 drive end F I
2  axes parallel to compressor Z+ z |
shaft |
I

Figure C.1 — Definition of axes

The resultant force, F,, is given by Equation (C.1):
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Fy = \|F2 +F2 + F7? (C.1)

where F,, Fy and F, are the force components along the x-, the y- and the z-axis, respectively.

The resultant moment, M, , is given by Equation (C.2):

M, = MZ+MZ+M2 (C.2)

where A/,x’ ]I/Iy and ]I/IL are the moments around the x-_the Ve and the z-axis, rnepnr‘fi\/nl\/
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Annex D
(normative)

Procedure for determination of residual unbalance

D.1 Scope

This annex

describes the procedure used to determine residual unbalance in machine rotors. Although, s

balancing npachines may be set up to read out the exact amount of unbalance, the calibration canbe-in e

The only su

re method of determining is to test the rotor with a known amount of unbalance.

D.2 Definition

Residual u

hbalance is the amount of unbalance remaining in a rotor after balancing. Unless othery

specified, residual unbalance shall be expressed in gram-millimetres or ounce-inches.

D.3 Maximum allowable residual unbalance

pme
fror.

ise

D.3.1 The maximum allowable residual unbalance per plane shallbe calculated in accordance with 5.7.3.1
or 5.7.3.3.

D.3.2 If the actual static load on each journal is not known, assume that the total rotor mass is equally
supported hy the bearings. For example, a two-bearing rotor with a mass of 2 720 kg (6 000 Ib) is assumdd to
impose a mass of 1 360 kg (3 000 Ib) on each journal,

D.4 Residual unbalance check

D.4.1 General

D.4.1.1 When the balancing.-machine readings indicate that the rotor has been balanced within|the
specified tdlerance, a residual:tinbalance check shall be performed before the rotor is removed from| the

balancing mpachine.

D.4.1.2
lobe and at
plane and
specified in

To check-the residual unbalance, a known trial mass is attached to the rotor sequentially on €
the samevradius [i.e. the same moment (gram-millimetres)]. The check is run at each correg
the readings in each plane are tabulated and plotted on the polar graph using the proce
D4.2.

ach
tion
jure

NOTE

The number of weights is equal to the number of lobes on the rotor.

D.4.2 Procedure

D.4.2.1 Select a trial mass and radius that are equivalent to between one and two times the maximum
allowable residual unbalance [e.g. if U, is 488,4 gmm (0,678 oz'in), the trial weight should cause

488,4g'mm to 976,8 gomm (0,678 oz:in to 1,356 oz'in) of unbalance]. This trial mass and radius shall be
sufficient so that the resulting plot in D.4.2.5 encompasses the origin of the polar plot (refer to Figures D.1
through D.6).
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D.4.2.2 Starting at the last known heavy spot, mark off the radial position on each lobe. Add the trial mass
near the last known heavy spot for that plane. Verify that the balance machine is responding and is within the
range and the graph selected for taking the residual unbalance check.

D.4.2.3 Verify that the balancing machine is responding reasonably (i.e. no faulty sensors or displays).
For example, if the trial mass is added to the last known heavy spot, the first meter reading should be at least
twice as much as the last reading taken before the trial mass was added. Little or no meter reading generally
indicates that the rotor was not balanced to the correct tolerance, the balancing machine was not sensitive
enough or that a balancing machine fault exists (i.e. a faulty pickup). Whatever the error, it shall be corrected
before proceeding with the residual check.

D.4)2.4 Remove the trial mass and attach it to each of the trial positions in turn (that is, 607,{120°, 180°,
240F and 300° from the initial trial mass position for a six-lobe rotor). Repeat the initial position*as|a check for
repgatability on the residual unbalance worksheet. All verification shall be performed usinghly onfe sensitivity
range on the balance machine.

D.4]2.5 Plot the balancing-machine amplitude readout versus angular location of trial mass (NOT
balgncing-machine phase angle) on the polar-plot worksheet for residual unbalance and calculate|the amount
of r¢sidual unbalance (refer to work sheets, Figures D.4 and D.6). The maximum reading occurs when the trial
weight is placed at the rotor’s remaining heavy spot; the minimum reading-occurs when the trinl weight is
pladed opposite the rotor's heavy spot (light spot). The plotted readingsishould form an approximate circle
arouind the origin of the polar chart. The balance machine angular location readout should apprpximate the
locdtion of the trial weight. The maximum deviation (highest reading) is the heavy spot (represenis the plane
of the residual unbalance). Blank work sheets are given in Figures\D.1 and D.2.

D.4)2.6 Repeat the steps described in D.4.2.1 through.D4.2.5 for each balance plane. If the specified
ma)imum allowable residual unbalance has been exceeded in any balance plane, the rotor shall he balanced
more precisely and checked again. If a balance correction is made in any balance plane, then the residual
unbplance check shall be repeated in all balance planes.

© ISO 2007 — Al rights reserved 103


https://standardsiso.com/api/?name=554835d8bed42ba9170d22ff9defc078

ISO 10440-1:2007(E)

Customer:

Job / Project Number:

OEM equipment S/N:

Rotor identification number:

Repair purchase order number:

Vendor job number:

Correction plane (left or right) — use sketch

Balancing speed
Maximum rotor operating speed, N

Static journal

mass, W, closest to this correction plane

Trial mass radius, R, the radius at which the trial mass is placed

Calculate maximum allowable residual unbalance, U, .., as per 5.7.3.1 or 5.7.3.3:
Sl units: Upax = 6 350 x W = 6 350 x = | |g-mm
N
USC units: Upax = 4xWw = 4 x = | |oz-in
N
Calculate theftrial unbalance, Us:
Trial unbalange, Uy, is between U and 2 x U, . Unax to 2% U ax (Selected multiplier is)l
Sl units: to = g'mm
USC units: to = 0z'in
Calculate theftrial mass, W-:
Trial mass, W, = Ur = gmm or oz:in = gor
R mm in oz
Conversion infformation:
1 kg =2.204 6 Ibs 10z=28,345¢g
Obtain the tegt data and complete the table:

plane
rev/min
rev/min
kg b
mm in

Sketch the rotor configuration:

Rotor sketch

Left
plane

Rightt
plang

HALF KEYS USED FOR ROTOR BALANCING

(add sketch for clarity if necessary)

Location

Mass

Tri Balancing mach readout
Position rial mass angular Amoli Ph I
location on rotor plitude ase angle
g degrees
1 0°
2 60°
3 120°
4 180°
5 240°
6 300°
Repeat 1 0°

Procedure:

Step 1: Plpt the balancing machine( amplitude versus trial mass angular
rofation on the polar chart(Figure D.2) such that the largest and
snpallest values fit.

Step 2: THe points located of the polar chart should closely approximate a
cirgle. If they do néti-then it is probable that the recorded data are in
erfor and the test|should be repeated.

Step 3: Dgtermine thé.maximum and minimum balancing amplitude readings.

Step 4: Uging the “Worksheet (Figure D.2), determine the Y and Z values
required for the residual unbalance calculation.

Step 5: Uding-the worksheet (Figure D.2), calculate the residual unbalance
re nainihg inthe rotar

Step 6: Verify that the determined residual unbalance is equal to or less than

the maximum allowable residual unbalance, U

Notes:

max”

1) The trial mass angular location should be referenced to a keyway or some other permanent marking on the rotor. The preferred

location is the once-per-revolution mark (for the phase reference transducer).
2) The balancing machine amplitude readout for the repeat of 1 should be the same as position 1, indicating repeatability.

3) A primary source of error is not maintaining the same radius for each trial mass location.

Balanced by:

104

Date Approved by:

Date

Figure D.1 — Residual unbalance worksheet
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Customer:

Job / Project Number:

OEM equipment S/N:

Rotor identification number:
Repair purchase order number:
Vendor job number:

Correction plane (left or right) — use sketch plane

Residual unbalance polar plot

0

195 180 165
Rotpr rotation: cCcw Phase is laid out: CcCw
CW CW
Caltulate Y and Z values:
Maximum amplitude value is: g Minimum amplitude value is: 0
0z bz
Y =[(maximum — minimum)./\2 = ( - )/ 2= g (0z)
Z =|(maximum + minimum)-2 = ( + )/ 2= g (0z)
Regidual unbalance {€ft in rotor =
Ur x Y / Z
Sl Jnits x / = 0'mm
USC units x / = orally]

Allgwable unbalance tolerance = U, = | |g'mm | |oz'in

RESULT: Residual unbalance left in rotor is equal to or less than the allowable unbalance tolerance?
PASS [ JraL

I:l As received I:I Final I:I Other:

Balanced by: Date Approved by: Date

Figure D.2 — Polar-plot worksheet for residual unbalance
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Customer:

Job / Project Number:

OEM equipment S/N:

Rotor identification number:
Repair purchase order number:
Vendor job number:

ABC Refining Co.

00 - 1234

C -1234

1234 C 4320

PO 12345678

Shop — 00 — 1234

Correction plane (left or right) — use sketch Left plane
Balancing speed 800 |rev/min
Maximum rotor operating speed, N 6900 | rev/min
Static journal mass, W, closest to this correction plane 530,7 | kg 1170 |Ib
Trial mass radius, R, the radius at which the trial mass is placed 381 |mm 15 in
Calculate maximum allowable residual unbalance, Uny, 4y, @s per 5.7.3.1 or 5.7.3.3:
Sl units: Upax = 6350 x W = 6350 x 530,7 = | 488,4 |g-mm
N 6 900
USC units: Upax = 4xWw = 4x 1170 = | 0.678 |oz'in
N 6900
Calculate the trial unbalance, U
Trial unbalange, Uy, is between U and 2 x U, Unax to  2xU,., (Selected multiplier is)l 116 |
S| units: 488,4 to 976,8 |= 7814 |g-mm
USC units: 0.678 to 1.356 |= 1.085 |oz-in
Calculate the ftrial mass, W-:
Trial mass, W, = Uy _ 781,4 g-mm or 1.085 |oz:in _ 2,051 |g or
R 381 |mm 15 in 0.0723 |oz
Conversion infformation:
1 kg =2.204 6 Ibs 10z=28,345¢g

Obtain the tegt data and complete the table:

Tri Balancing mach readout

Position rial mass angular Ampli

location on rotor mplitude Phase angle
g degrees
1 0° 1,60 358
2 60 ° 1,11 59
3 120 ° 1,58 123
4 180 ° 2,21 182
5 240 ° 3,00 241
6 300 ° 2,30 301
Repeat 1 0° 1,58 359

Procedure:

Step 1: Plpt the balancing machine( amplitude versus trial mass angular
rofation on the polar chart(Figure D.2) such that the largest and
snjallest values fit.

Step 2: THe points located on the polar chart should closely approximate a

cirgle. If they do néti-then it is probable that the recorded data are in
erfor and the test|should be repeated.
Step 3: Dgtermine thé.maximum and minimum balancing amplitude readings.
Step 4: Uding the "wWorksheet (Figure D.2), determine the Y and Z values
required for the residual unbalance calculation.

Sketch the rotor configuration:
Rotor sketch

Left
plane

Right
plang

HALF KEYS USED FOR ROTOR BALANCING
(add sketch for clarity if necessary)

Location Mass

Step 5: Uding.-the worksheet (Figure D.2), calculate the residual unbalance
remaining in the rotor

Step 6: Verify that the determined residual unbalance is equal to or less than
the maximum allowable residual unbalance, U, .

Notes:

1) The trial mass angular location should be referenced to a keyway or some other permanent marking on the rotor. The preferred
location is the once-per-revolution mark (for the phase reference transducer).

2) The balancing machine amplitude readout for the repeat of 1 should be the same as position 1, indicating repeatability.

3) A primary source of error is not maintaining the same radius for each trial mass location.

Balanced by: Date Approved by: Date
Figure D.3 — Sample residual unbalance worksheet — Left plane
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Customer: ABC Refining Co.
Job / Project Number: 00 — 1234
OEM equipment S/N: C-1234
Rotor identification number: 1234 — C — 4320

Repair purchase order number:
Vendor job number:

PO 12345678

Shop — 00 — 1234

Correction plane (left or right) — use sketch Left plane
Residual unbalance polar plot
Roftpr rotation: X |CEW Phase is laid out: CcCw
CW X |JCcw
Calgulate Y and Z values:
Maximum amplitude value is: | 3,00 |g Minimum amplitude value is: 1,11 g
Y =[(maximum — minimum) / 2 = 3,00 - 1,11 )/ 2= 0,95 g
Z =[(maximum + minimum) //2=.( 3,00 + 1,11 )/ 2= 2,06 g
Regidual unbalance left-in rotor =
UT X Y / Z
Sl ynits 781 0,95 / 2,06 = 359,3 g-mm
USC units 1.085 0.034 / 0.073 = 0.505 bZ-in
Allgwable unbalance tolerance = U, = 488,4 g-mm 0.678 oz:in
RESULT: Residual unbalance left in rotor is equal to or less than the allowable unbalance tolerance?
PASS [ JraL
I:l As received I:l Final Other: w/o trim hardware
Balanced by: CJ, TR*& RC Date 5/24/2000 Approved by: CC Date 5/24/2000

Figure D.4 — Sample polar-plot worksheet for residual unbalance — Left plane
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