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Foreword

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

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

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

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

International Standard, ISO 13707, was prepared by Technical Committee ISO/TC 118, Compressors, pneumatic
tools and pneumatic machines in collaboration with ISO/TC 67, Materials, equipment and offshore structures for
petroleum and natural gas industries, Subcommittee SC 6, Processing equipment and systems.

Annexes A to Q of this International Standard are for information only.

Copyright International Organization for Standardization 
Provided by IHS under license with ISO 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ISO 13707-2000

http://www.avadocuments.com/doc/iso-13707-2000
http://www.avadocuments.com/doc/iso-13707-2000


ISO 13707:2000(E)

© ISO 2000 – All rights reserved vii

Introduction

This International Standard is based upon the accumulated knowledge and experience of manufacturers and users
of reciprocating compressors. The objective of this International Standard is to provide a purchase specification to
facilitate the manufacture and procurement of reciprocating compressors for general petroleum and natural gas
industry services but its use is not limited to these services.

This International Standard is based on API standard 618, 4th edition, 1995.

The purpose of this International Standard is to establish minimum requirements for design and construction so that
the equipment will be suitable for the purpose for which it is required. This limitation in scope is one of charter
rather than interest and concern. Energy conservation and protection of environment are matters of increasing
concern and are important in all aspects of equipment design, application and operation. The manufacturers and
users of equipment should aggressively pursue alternative innovative approaches which improve energy utilisation
and/or minimize the environmental impact without sacrificing safety or reliability. Such approaches should be
thoroughly investigated and purchase options should increasingly be based on the estimation of whole life costs
and the environmental consequences rather than acquisition costs alone.

This International Standard requires the purchaser to specify certain details and features.

A bullet (�) at the beginning of a clause or sub-clause indicates that either a decision is required or further
information is to be provided by the purchaser. This information should be indicated on the data sheets; otherwise it
should be stated in the quotation request or in the order.

For effective use of this International Standard and ease of reference to the text the use of the data sheets in
annex A is recommended.

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

1 Scope

This International Standard covers the minimum requirements for reciprocating compressors and their drivers used
in the petroleum and natural gas industries with either lubricated or nonlubricated cylinders. This International
Standard may be used for other services or in other industries by agreement. Compressors covered by this
International Standard are moderate to low-speed and in critical services. Also included are related lubricating
systems, controls, instrumentation, intercoolers, aftercoolers, pulsation suppression devices and other auxiliary
equipment. Excluded are integral gas-engine driven compressors, packaged high-speed separable engine-driven
reciprocating gas compressors, compressors with single-acting trunk-type (automotive-type) pistons that also serve
as crossheads and either plant or instrument air compressors that discharge at gauge pressures of 9 bar or below.
Also excluded are gas engine and steam engine drivers.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 7-1, Pipe threads where pressure-tight joints are made on the threads — Part 1: Dimensions, Tolerances and
Designation.

ISO 261, ISO general-purpose metric screw threads — General plan.

ISO 262, ISO general-purpose metric screw threads — Selected sizes for screws, bolts and nuts.

ISO 281-1, Rolling bearings — Dynamic load ratings and rating life — Part 1: Calculation methods.

ISO 1217, Displacement compressors — Acceptance tests.

ISO 7005-1, Metallic flanges — Part 1: Steel flanges.

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

ISO 8501-1, Preparation of steel substrates before application of paints and related products — Visual assessment
of surfaces cleanliness. Part 1: Rust grades and preparation grades of uncoated steel substrates and of steel
substrates after overall removal of previous coatings.

ISO 10436, Petroleum and natural gas industries — General-purpose steam turbines for refinery service.

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

ISO 10438-2, Petroleum and natural gas industries — Lubrication, shaft-sealing and control-oil systems and
auxiliaries — Part 2: Special-purpose oil systems.
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ISO 10441, Petroleum and natural gas industries — Flexible couplings for mechanical power transmission —
Special-purpose applications.

ISO 13691, Gears — High-speed special-purpose gear units for the petroleum, chemical and gas industries.

ISO 13706, Petroleum and natural gas industries — Air-cooled heat exchangers.

ISO 14691, Petroleum and natural gas industries — Flexible couplings for mechanical power transmission —
General purpose applications.

ISO 16812, Petroleum and natural gas industries — Shell and tube heat exchangers.

IEC 60034-1, Rotating electrical machines — Part 1: Rating and performance.

IEC 60079-0, Electrical apparatus for explosive gas atmospheres — Part 0: General requirements.

IEC 60529, Degrees of protection provided by enclosures (IP codes).

IEC 60848, Preparation of function charts for control systems.

ANSI1) B 1.20.1, Pipe Threads, General Purpose (Inch).

ANSI B 16.5, Pipe Flanges and Flanged Fittings.

ANSI B 31.3, Process Piping.

API2) RP 520/1, Sizing, Selection and Installation of Pressure Relieving Devices in Refineries — Part 1: Sizing and
selection.

API RP 520/2, Sizing, Selection and Installation of Pressure Relieving Devices in Refineries — Part 2: Installation.

API Std 526, Flanged Steel Pressure Relief Valves.

API Std 614, Lubrication, Shaft Sealing and Control Oil Systems And Auxiliaries For Petroleum, Chemical and Gas
Industry Service.

API Std 670, Vibration, Axial-Position, and Bearing-Temperature Monitoring Systems.

ASME3), Boiler and Pressure Vessel Code 1998.

ASTM4) A 106, Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service.

ASTM A 193M, Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature
Service.

ASTM A 194M, Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High-Pressure or High-
Temperature Service or Both.

ASTM A 216M, Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welding, for High-
Temperature Service.

1) American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

2) American Petroleum Institute, 1220 L Street, N.W., Washington, DC 20005-4070, USA.

3) American Society of Mechanical Engineers, 345 East 47th Street, New York, NY 10017, U.S.A.

4) American Society for Testing and Materials, Barr Harbor Drive, West Conshohocken, PA 19428-2959, U.S.A.
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ASTM A 247, Standard Test Method for Evaluating the Microstructure of Graphite in Iron Castings.

ASTM A 269, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing for General
Service.

ASTM A 278M, Standard Specification for Gray Iron Castings for Pressure-Containing Parts for Temperatures Up
to 650�F.

ASTM A 307, Standard Specification for Carbon Steel Bolts and Studs, 60000 PSI Tensile Strength.

ASTM A 312M, Standard Specification for Seamless and Welded Austenitic Stainless Steel Pipes.

ASTM A 320M, Standard Specification for Alloy Steel Bolting Materials for Low-Temperature Service.

ASTM A 388M, Standard Practice for Ultrasonic Examination of Heavy Steel Forgings.

ASTM A 395M, Standard Specification for Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated
Temperatures.

ASTM A 503, Standard Specification for Ultrasonic Examination of Large Forged Crankshafts.

ASTM A 536, Standard Specification for Ductile Iron Castings.

ASTM A 668, Standard Specification for Steel Forgings, Carbon and Alloy, for General Industrial Use.

ASTM E 94, Standard Guide for Radiographic Testing.

ASTM E 125, Standard Reference Photographs for Magnetic Particle Indications on Ferrous Castings.

ASTM E 142, Standard Method for Controlling Quality of Radiographic Testing.

ASTM E 709, Standard Guide for Magnetic Particle Examination.

AWS5) D1.1, Structural Welding Code — Steel.

NACE6) MR 0175, Sulfide Stress Cracking Resistant Metallic Materials for Oilfield Equipment.

NEMA7) SM 23, Steam Turbines for Mechanical Drive Service.

TEMA8), Standards.

3 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply:

3.1
acoustic simulation
process whereby the one-dimensional acoustic characteristics of fluids and the reciprocating compressor dynamic
flow influence on these characteristics are modelled

5) American Welding Society, 550 N W LeJeune Road, PO Box 35104, Miami, Florida 33135, U.S.A.

6) National Association of Corrosion Engineers, PO Box 218340, Houston, Texas 77218-8340, U.S.A.

7) National Electrical Manufacturers Association, 2101 L Street, N.W. Washington, D.C. 20037, U.S.A.

8) Tubular Exchanger Manufacturers Association, 25 North Broadway, Tarrytown, New York 10591, U.S.A.
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NOTE The model is mathematically based upon the governing differential equations (motion, continuity, etc.). The
simulation should allow for determination of pressure/flow modulations at any point in the piping model resulting from any
generalized compressor excitation (see 3.4 and 3.7).

3.2
active analysis
portion of the acoustic simulation in which the pressure pulsation amplitudes due to imposed compressor operation
for the anticipated loading, speed range and state conditions are simulated (see 3.1)

3.3
alarm point
preset value of a parameter at which an alarm is actuated to warn of a condition that requires corrective action

3.4
analogue simulation
method using electrical components (inductances, capacitors, resistances and current supply devices) to achieve
the acoustic simulation (see 3.1).

3.5
capacity
quantity of gas taken into the compressor at the specified inlet conditions, compressed and delivered at the
specified discharge pressure

NOTE The capacity of a compessor does not include any gas that leaks out of the compressor during the compression
process nor any air that leaks into a compressor used as a vacuum pump.

3.6
combined rod load
algebraic sum of gas load and inertia force on the crosshead pin

NOTE Gas load is the force resulting from differential gas pressure acting on the piston differential area. Inertia force is that
force resulting from the acceleration of reciprocating mass. The inertia force with respect to the crosshead pin is the summation
of the products of all reciprocating masses (piston and rod assembly, and crosshead assembly including pin) and their
respective acceleration.

3.7
design
word used by the designer or manufacturer in terms such as, design power, design pressure, design temperature
and design speed

NOTE Use of this word in the purchaser’s specifications should be avoided.

3.8
digital simulation
method using various mathematical techniques on digital computers to achieve the acoustic simulation (see 3.1)

3.9
fail safe mode of operation for control systems
arrangement such that failure of any component or loss of energy supply will not result in unsafe or potentially
unsafe situations

3.10
gauge board
unenclosed bracket or plate used to support and display gauges, switches and other instruments

3.11
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
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NOTE To determine inlet volume flow, allowance must be made for pressure drop across pulsation suppression devices
and for interstage liquid knockout.

3.12
local (adj.)
applies to any device mounted on or near the equipment or console

3.13
manufacturer
organisation responsible for the design and manufacture of the equipment — not necessarily the vendor

3.14
manufacturer’s rated capacity
capacity used to size the compressor

3.15
maximum permissible continuous combined rod load
highest combined rod load at which none of the forces in the running gear (piston, piston rod, crosshead assembly,
connecting rod, crankshaft, bearings etc.) and the compressor frame exceed the values in any component that the
manufacturer’s design will permit for continuous operation

3.16
maximum permissible continuous gas load
highest force that a manufacturer will permit for continuous operation on the static components (e.g., frame,
distance piece, cylinder and bolting) of the compressor

3.17
maximum permissible speed
highest speed at which the manufacturer’s design will permit continuous operation

3.18
maximum permissible temperature
maximum continuous temperature for which the manufacturer has designed the equipment (or any part to which
the term is referred) when handling the specified fluid at the specified pressure

3.19
maximum permissible working gauge pressure (MPWGP)
maximum continuous pressure for which the manufacturer has designed the equipment (or any part to which the
term is referred) when handling the specified fluid at the specified temperature

3.20
minimum permissible speed
lowest speed at which the manufacturer’s design will permit continuous operation

3.21
minimum permissible suction pressure (for each stage)
lowest pressure (measured at the inlet flange of the cylinder) below which the combined rod load or gas load or
discharge temperature, or crankshaft torque load (whichever is governing) will exceed the maximum permitted
during operation at the setpoint pressure of the discharge relief valve and other specified gas conditions for the
stage

3.22
minimum permissible temperature
lowest temperature for which the manufacturer has designed the equipment (or any part to which the term is
referred)

3.23
mode shape (of an acoustic pulsation resonance)
description of the pulsation amplitudes and phase angle relationship at various points in the piping system

Copyright International Organization for Standardization 
Provided by IHS under license with ISO 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ISO 13707-2000

http://www.avadocuments.com/doc/iso-13707-2000
http://www.avadocuments.com/doc/iso-13707-2000


ISO 13707:2000(E)

6 © ISO 2000 – All rights reserved

NOTE Knowledge of the mode shape allows the analyst to understand the pulsation patterns in the piping system
(see 3.1).

3.24
normal operating point
point at which usual operation is expected and optimum efficiency is desired

NOTE This point is usually the point at which the manufacturer certifies that performance is within the tolerances stated in
this International Standard.

3.25
normally open and normally closed
both on-the-shelf positions and de-energized positions of devices such as automatically controlled electrical
switches and valves

NOTE The normal operating position of such a device is not necessarily the same as the device’s on-the-shelf position.

3.26
owner
final recipient of the equipment

NOTE The owner may delegate another body or agent as the purchaser of the equipment.

3.27
panel
enclosure used to mount, display and protect gauges, switches and other instruments

3.28
passive analysis
portion of the acoustic simulation in which a constant flow amplitude modulation over an arbitrary frequency range
is imposed on the system, normally at the cylinder valve locations

NOTE The resulting transfer function defines the acoustic natural frequencies and the mode shapes over the frequency
range of interest (see 3.1).

3.29
pressure design code
recognized pressure vessel standard or code specified or agreed by the purchaser (e.g. ASME, Boiler and
Pressure Vessel Code 1998, Section VIII)

3.30
purchaser
individual or organization that issues the order and specification to the vendor

NOTE The purchaser may be the owner or the owner’s agent.

3.31
rated discharge pressure
highest pressure required to meet the conditions specified by the purchaser for the intended service

3.32
rated discharge temperature
highest predicted operating temperature resulting from any specified operating condition

3.33
rated power (of the compressor)
maximum power the compressor plus any shaft-driven appurtenances require for any of the specified operating
conditions
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NOTE 1 The rated power includes the effect of equipment such as pulsation suppression devices, process piping,
intercoolers and separators.

NOTE 2 Driver and transmission losses are not included in the rated power of the compressor. Losses incurred in outboard
bearings (e.g. as used to support large flywheels) are included.

3.34
rated speed
highest speed required to meet any of the specified operating conditions

3.35
remote (adj.)
applies to any device located away from the equipment or console, typically in a control room

3.36
required capacity
rated process capacity specified by the purchaser to meet process conditions, with no-negative-tolerance (NNT)
permitted

NOTE See annex B for an explanation of the term no-negative tolerance.

3.37
rod reversal
change in direction of force in the piston rod loading (tension to compression or vice versa), which results in a load
reversal at the crosshead pin during each revolution

3.38
shut-down point
preset value of a parameter at which automatic or manual shut-down of the system is required

3.39
spectral frequency distribution
description of the pressure pulsation harmonic amplitudes versus frequency at a selected test point location for an
active or passive acoustic analysis (see 3.1)

3.40
standard flow
flow rate expressed in volume flow units at ISO standard conditions which are an absolute pressure of 1,013 bar
and a temperature of 0 �C

3.41
trip speed
speed at which the independent emergency overspeed device operates to shut down a variable speed prime
mover

3.42
unit responsibility
responsibility for co-ordinating the technical aspects of the equipment and all auxiliary systems included in the
scope of the order

NOTE It includes responsibility for reviewing such factors as the power requirements, speed, rotation, general
arrangement, couplings, dynamics, noise, lubrication, sealing system, material test reports, instrumentation, piping and testing
of components.

3.43
vendor
organization that supplies the equipment

NOTE The vendor may be the manufacturer or the manufacturer’s agent and is normally responsible for service support.
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4 Statutory requirements

The purchaser and the vendor shall mutually determine the measures to be taken to comply with any governmental
codes, regulations, ordinances or rules that are applicable to the equipment.

5 Basic design

5.1 General

5.1.1 The equipment (including auxiliaries) covered by this International Standard 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. It is accepted that interruptions to the continuous operation may occur due to
exceeding the lifetime of wearing parts. The expected life-time of wearing parts shall be defined by the vendor.

� 5.1.2 Control of sound pressure level (SPL) of all equipment furnished shall be a joint effort of the purchaser and
the vendor. The equipment furnished by the vendor shall conform to the requirements and the maximum
permissible sound pressure level specified by the purchaser.

5.1.3 Unless otherwise specified, cooling water systems shall be designed in accordance with the conditions
given in Table 1.

Table 1 — Cooling water system design conditions

Design condition Heat exchangers Cylinder jackets and packing cases

Velocity in exchanger tubes 1,5 to 2,5 m/s —

Maximum permissible working pressure > 7 bar (gauge) > 5 bar (gauge)

Hydrostatic test pressure 1,5 � MPWGP a 1,5 � MPWGP a

Maximum pressure drop 1 bar —

Maximum inlet temperature 30 �C —

Maximum outlet temperature 50 �C —

Maximum temperature rise 20 K —

Minimum temperature rise 10 K —

Fouling factor water side 0,35 m2K/kW —

Shell corrosion allowance for carbon steel 3 mm —

a Maximum permissible working gauge pressure.

The vendor shall notify the purchaser if the criteria for minimum temperature rise and velocity over heat exchange
surfaces are in conflct. The prchaser will approve the final selection.

NOTE 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.

Provision shall be made for complete venting and draining of the system.

5.1.4 To avoid excitation of torsional, acoustic and/or mechanical resonances, reciprocating compressors should
normally be specified for constant-speed operation. When variable speed drivers are used, all equipment shall be
designed to run safely up to the trip speed. For variable speed drives, a listing of unsafe or undesirable speeds
shall be furnished to the purchaser by the vendor. See 5.5 and 10.2.
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5.1.5 Equipment shall be designed to run up to the trip speed and up to the relief valve settings (see 10.4.5)
without damage. Unless otherwise specified, trip speeds shall be assumed to be in accordance with Table 2.

Table 2 — Driver trip speeds

Driver type
Trip speed

% of rated speed

Steam turbine

NEMA Class Aa 115

NEMA Classes B, C, Da 110

Gas turbine 105

Variable-speed motor 110

Constant-speed motor Synchronous speed

Reciprocating engine 110

a Indicates governor class as specified in NEMA SM 23.

5.1.6 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.

� 5.1.7 Motors, electrical components, and electrical installations shall be suitable for the area classification
specified by the purchaser and shall meet the requirements of the IEC 60079-0 and other standards specified by
the purchaser and shall comply with all applicable local codes and regulations.

5.1.8 Oil reservoirs and housings that enclose moving lubricated parts (such as bearings, shaft seals), highly
polished parts and instruments and control elements, shall be designed to minimize contamination by moisture,
dust and other foreign matter during periods of operation and idleness.

5.1.9 All equipment shall be designed to permit rapid and economical maintenance. Major parts, such as
cylinders and compressor frames, shall be designed (shouldered or cylindrically dowelled) and manufactured to
ensure accurate alignment on re-assembly.

5.1.10 The compressor vendor shall assume unit responsibility for the engineering co-ordination of the equipment
and for the performance of the entire compressor train consisting of compressor, driver, power transmission
equipment and all auxiliary equipment and systems included in the scope of the order and supplied by the
compressor vendor.

The compressor vendor shall resolve all engineering questions or problems related to the equipment design,
including co-ordination of changes as required.

� 5.1.11 After installation, the performance of the combined unit shall be the joint responsibility of the purchaser and
the vendor. Many factors (e.g. piping loads, alignment at operating conditions, supporting structure, handling during
shipment, and assembly at the site) may adversely affect site performance. To minimize the influence of these
factors, the vendor shall review and comment on the purchaser’s piping and foundation drawings in accordance
with the agreed schedule. Vendor’s review of foundation drawings will be limited to anchor bolt layout and the
vendor’s input data used for foundation design. When specified, the purchaser and the vendor shall agree upon the
details of an initial installation check by the vendor’s representative, and an operating temperature alignment check
at a later date. Such checks shall include, but not be limited to, initial alignment check, grouting, crankshaft web
deflection, piston rod runout, driver alignment, motor air gap, outboard bearing insulation test, bearing clearance
checks and piston end clearance.
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� 5.1.12 The purchaser shall specify the equipment’s normal operating point. Unless otherwise specified, the
capacity at the normal operating point shall have no negative tolerance.

NOTE 1 See annex B for a discussion of capacity and the term “no negative tolerance”.

NOTE 2 To accommodate normal manufacturing tolerances, the manufacturer’s rated capacity should exceed the required
capacity by not less than 3 %.

5.1.13 The power required by the compressor at the normal operating point shall not exceed the stated power by
more than 3 %.

� 5.1.14 The purchaser shall specify whether the installation is indoors (heated or unheated) or outdoors (with or
without a roof), as well as the weather and environmental conditions in which the equipment must operate,
including maximum and minimum temperatures and unusual humidity, dust or corrosive conditions. The unit and its
auxiliaries shall be suitable for operation under these specified conditions.

5.1.15 The vendor shall use the specified values of mass flow, the specified gas composition and the gas
conditions to calculate average molar mass, ratio of specific heats (cp/cv), compressibility factors (Z) and inlet
volume flow. The compressor vendor shall indicate his values on the data sheets with the proposal and use them to
calculate performance data.

5.1.16 If any of the compressor cylinders are to be operated partially or fully unloaded for extended periods of
time, the purchaser and the vendor shall jointly determine the method to be used (e.g. periodic momentary loading
to purge accumulation of lubricating oil in the compressor cylinders), in order to prevent overheating and liquid
damage.

5.1.17 Compressors shall be capable of developing the maximum differential pressure specified by the purchaser.
The compressor vendor shall confirm that the unit is capable of continuous operation at any full load, part load
(refer to 5.4.1 and 5.4.2) or fully unloaded conditions (refer to 5.1.16) and also capable of start-up according to the
agreed procedure (refer to 9.1.1.3).

5.1.18 Compressors driven by induction motors shall be rated at the actual motor speed for the rated condition,
not at synchronous speed.

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

5.2 Permissible speeds

� Compressors shall be conservatively rated at a speed not in excess of that known by the manufacturer to result in
low maintenance and trouble-free operation under the specified service conditions. The maximum acceptable
average piston speed and the maximum acceptable rotative speed may be specified by the purchaser where
experience indicates that specified limits should not be exceeded for a given service.

NOTE Generally, the rotative and piston speeds of compressors in non-lubricated services should be less than those in
equivalent lubricated services.

5.3 Permissible discharge temperature

5.3.1 Unless otherwise specified and agreed the maximum predicted discharge temperature shall not exceed
150 �C (302 �F). This limit applies to all specified operating and load conditions. The vendor shall provide the
purchaser with both the predicted and adiabatic discharge temperature rise.

Special consideration shall be given to services (e.g. high pressure hydrogen or applications requiring non-
lubricated cylinders) where temperature limitations should be lower. Predicted discharge temperatures shall not
exceed 135 �C (275 �F) for hydrogen rich services (molar mass of 12 or less).
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NOTE The adiabatic discharge temperature is the discharge temperature that would result from adiabatic compression. The
actual discharge temperature will vary from the adiabatic depending on such factors as the power input to a cylinder, the ratio of
compression, the size of the cylinder, the surface area of the cooling passages and the velocity of the coolant. Non-lubricated
hydrogen service will generally have higher discharge temperatures than lubricated hydrogen service due to slippage and the
unusual characteristic of hydrogen which may heat when it expands. With low power and small cylinders, the actual temperature
rise can be below adiabatic, which may allow a lesser number of stages if the application is borderline. Conversely, large
cylinders may result in a temperature rise higher than adiabatic and require additional stages.

Commonly, compression ratios are higher in the first and second stages for full load. When the unit is unloaded by clearance
pockets in lower stages, the higher stages have the higher compression ratios. The discharge temperature should be reviewed
at all loading points.

� 5.3.2 A high discharge temperature alarm and shut-down device is required for each compressor cylinder. When
specified, 100 % unloading shall be furnished as part of the system. The supplier of these devices, the setpoints
and the mode of operation shall be mutually agreed upon between the purchaser and the compressor vendor.

The recommended discharge temperature alarm and trip setpoints are 20 K and 30 K respectively above the
maximum predicted discharge temperature; but in no case should temperature trip setpoints exceed 180 �C
(356 oF). To prevent auto-ignition, lower temperature limits should be considered for air, due to oxygen content, if
the discharge gauge pressure exceeds 20 bar (290 psig). Use of synthetic oils, although not intended as a means
to increase the permissible discharge temperature, is recommended for additional safety (see 8.2.1.9).

CAUTION — Oxygen-bearing gases other than air require special consideration.

5.4 Rod and gas loads

5.4.1 The combined rod load shall not exceed the manufacturer’s maximum permissible continuous combined
rod load for the compressor running gear at any specified operating load step. These combined rod loads shall be
calculated on the basis of the setpoint pressure of the discharge relief valve of each stage and the lowest specified
suction pressure corresponding to each load step.

5.4.2 The gas load shall not exceed the manufacturer’s maximum permissible continuous gas loading for the
compressor static frame components (cylinders, heads, distance pieces, crosshead guides, crankcase and bolting)
at any specified operating load step. These gas loads shall be calculated on the basis of the setpoint pressure of
the discharge relief valve of each stage and the lowest specified suction pressure corresponding to each load step.

5.4.3 The combined rod loads and the gas loads shall be calculated for each 10-degree interval of one
crankshaft revolution for each specified load step from internal cylinder pressures using valve and gas passage
losses and gas compressibility factors corresponding to the internal cylinder pressure and temperature conditions
at each crank angle increment. The internal pressure during the suction stroke is the suction pressure (at cylinder
flange) minus the valve and gas passage losses. The internal pressure during the discharge stroke is the discharge
pressure (at cylinder flange) plus the valve and gas passage losses.

5.4.4 For all specified operating load steps and the fully unloaded condition, the component of combined rod load
parallel to the piston rod shall fully reverse between the crosshead pin and bushing during each complete turn of
the crankshaft. Unless otherwise specified, the duration of this reversal shall not be less than 15 o of crank angle,
and the magnitude of the peak reversed combined load shall be at least 3 % of the maximum combined load in the
opposite direction. (This reversal is required to maintain proper lubrication between the crosshead pin and
bushing.)

5.5 Critical speeds

5.5.1 The compressor vendor shall provide the necessary lateral and torsional studies required to demonstrate
the elimination of any lateral or torsional vibrations that may hinder the operation of the complete unit within the
specified operating speed range in any specified load step. The vendor shall inform the purchaser of all critical
speeds from zero to trip speed or synchronous speed that occur during acceleration or deceleration (see 15.2.3, r).

5.5.2 Except for belt driven units, the vendor shall provide a torsional analysis of the complete train. Torsional
natural frequencies of the driver-compressor system (including couplings and any gear unit) shall not be within
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10 % of any operating speed nor within 5 % of any multiple of any operating shaft speed in the rotating system up
to and including the tenth multiple. For motor driven compressors, torsional natural frequencies shall be separated
from the first and second multiples of the electrical power frequency by 10 % and 5 % respectively.

5.5.3 Where the compressor is to be driven by a turbine or through a gear, the requirements in the reference
standards for those items as regards critical speeds shall also be complied with. For units requiring the use of a
low-speed quill shaft, a separate lateral critical speed analysis shall be performed. Any lateral critical speed of the
quill shaft shall be separated by at least 20 % from any operating speed of any shaft in the system.

5.5.4 When torsional resonances are calculated to fall within the margin specified in 5.5.2 (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 affect on the
complete train. The assumptions used in such analysis shall be agreed between purchaser and vendor.

6 Compressor components

6.1 Compressor cylinders

6.1.1 General

6.1.1.1 The maximum permissible working pressure shall exceed the rated discharge pressure by at least
10 % or 1,7 bar (25 psi), whichever is greater. The maximum permissible working pressure shall be at least equal
to the specified relief valve set pressure not including accumulation. See 10.4.5.3 for setting of relief valves.

6.1.1.2 Horizontal cylinders are required for compressing saturated gases or for gases carrying liquids. For
such services horizontal cylinders shall have bottom discharge connections. Other cylinder arrangements able to
safely handle condensable/saturated gases may be considered.

NOTE Under certain atmospheric conditions, air may be at or close to saturated conditions; multistage air or hydrocarbon
gas compressors will usually exhibit saturated conditions following intercooling.

6.1.1.3 Cylinders shall be spaced and arranged so as to permit access for operating and removal for
maintenance of all components (including water jacket access covers, distance piece covers, packing, valves,
unloaders or controls mounted on the cylinder) without removing the cylinder, the process piping or pulsation
suppressors.

6.1.1.4 Single acting, step-piston or tandem cylinder arrangements may be furnished with the purchaser’s
approval. For such cylinder arrangements, special consideration must be given to ensure rod load reversals. See
5.4.4.

6.1.1.5 The use of threaded holes in pressure parts shall be minimized. To prevent leakage in pressure
sections of casings, metal, equal in thickness to at least half the nominal bolt diameter in addition to the allowance
for corrosion, shall be left around and below the bottom of drilled and threaded holes.

6.1.2 Cylinder appurtenances

6.1.2.1 Cylinder supports shall be designed to avoid misalignment and excessive rod runout during the warm-
up period and at actual operating temperature. The support shall not be attached to the outboard cylinder head.
The pulsation suppressor shall not be used to support the compressor cylinder.

The vendor shall calculate the expected minimum and maximum cold vertical rod runout. When required, the
manufacturer shall disclose the details of his calculations and the assumptions on which they are based. The
expected cold vertical rod runout shall be confirmed by the shop bar-over test and shown on the rod runout table by
the vendor. Design and construction shall be aimed to achieve an expected hot vertical rod runout not exceeding
0,015 % of the stroke.
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Horizontal (side) piston rod runout, as measured by dial indicators during the shop bar-over test, shall not exceed
0,065 mm (0,002 5 in or 2,5 thou), regardless of length of stroke, see 13.3.4.1. See 6.3.8 when tailrod construction
is used.

Piston rod runout shall be measured directly adjacent to the cylinder packing case flange.

See Annex C for clarification of rod runout and typical rod runout table.

6.1.2.2 The vendor shall define the maximum flange load permissible at the nozzle interfaces. These loads
shall refer to a coordinate system as shown on a drawing.

6.1.2.3 Unless otherwise specified, each cylinder shall have a replaceable, dry type liner, not contacted by the
coolant. Liners shall be at least 9,5 mm (3/8 in) thick for piston diameters up to and including 250 mm (10 in). For
piston diameters larger than 250 mm, the minimum liner thickness shall be 12,5 mm (1/2 in).

Liners shall have an interference fit and shall be held in place by positive mechanical means, such as pins or a
shoulder.

6.1.2.4 The walls of cylinders without liners shall be thick enough to provide for reboring to a total of 3 mm (1/8
inch) increase over the original diameter without encroaching upon the maximum permissible working pressure, the
maximum permissible continuous gas load or the maximum permissible continuous combined rod load.

6.1.2.5 The surface finish of the running bore of the cylinder liners and cylinders without liners shall be 0,2 �m
to 0,6 �m (8 �in to 24 �in) Ra (arithmetic average roughness).

� 6.1.2.6 When specified, the running bore of the cylinder shall be coated. The material (e.g. tetrafluoroethylene,
TFE) and the method of application shall be agreed upon by the purchaser and the vendor.

6.1.2.7 Cylinder heads, stuffing boxes for pressure packing, clearance pockets and valve covers shall be
fastened with studs. The design shall make it unnecessary to remove any studs in order to remove these
component parts. Torque values for all studs and bolting shall be included in the manufacturer’s instruction manual.

NOTE Exceeding the manufacturer’s torque values may cause damage to the valve assembly and cylinder valve seat.

6.1.2.8 Where valve covers with radially captured “o”-rings are used, two extra long studs 180� apart shall be
provided for each cover to ensure the cover “o”-ring clears the cylinder valve port bore before the valve cover
clears the studs. Extra long studs shall be capable of having a full threaded nut when the “o”-ring is clear of cylinder
valve port sealing bore.

6.1.2.9 The surface finish of valve port “o”-ring sealing surfaces shall not exceed an arithmetric average
roughness (Ra) of 1,6 �m (64 �in). Valve ports using “o”-rings shall include an entering bevel for the “o”-ring.

6.1.2.10 Studded connections shall be furnished with studs installed. Blind stud holes shall only be drilled deep
enough to allow a preferred tap depth of 1,5 times the major diameter of the stud; the first 1,5 threads at both ends
of each stud shall be removed to allow the stud end to bottom in the hole.

6.1.2.11 Bolting shall be furnished as specified in 6.1.2.11.1 to 6.1.2.11.5.

6.1.2.11.1 Details of threading shall conform to ISO 261 and ISO 262. The use of fine pitch threads shall be
avoided in cast irons and in external fasteners subject to routine maintenance, including pressure-containing parts.

6.1.2.11.2 Studs are preferred to cap screws.

6.1.2.11.3 Stud material shall be ASTM A 193 Grade B7 for steel and ductile iron cylinders. ASTM A 193
Grade B7 or ASTM A 307 Grade B may be used for cast iron cylinders. ASTM A 320 shall be used for minimum
permissible temperatures of – 30 �C (– 22 oF) and below. Stud markings shall be located on the nut end of the
exposed stud. With low temperature studs use ASTM A 194 Grade 4 or Grade 7 nuts. Acceptable nuts for use with
ASTM A 193 or A 307 studs are ASTM A 194 Grade 2H.
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6.1.2.11.4 Hex-head bolting is preferred. Adequate clearance shall be provided at bolting locations in order to
permit the use of socket or box wrenches. If extended studs are provided for hydraulic tensioning, the exposed
threads shall be protected by a cover.

6.1.2.11.5 Bolting on reciprocating or rotating parts shall be positively locked mechanically (spring washers, tab
washers and anaerobic adhesives are unacceptable as positive locking methods).

6.1.2.12 Valve chambers and clearance pockets shall be designed to minimize trapping of liquid.

6.1.2.13 If drain connections are provided on external bottles used as clearance pockets, drain valves shall be
provided. (See 11.6 for piping material between clearance pocket and drain valve).

6.1.3 Cylinder cooling

6.1.3.1 Cylinders shall have cooling provisions as required by the conditions of service described in 6.1.3.1.1
to 6.1.3.1.4. (See 11.4 and Figure G.2).

6.1.3.1.1 Static-filled coolant systems (see Figure G.2, Plan A) may be supplied where cylinders will not be
required to operate fully unloaded for extended periods of time, the expected maximum discharge temperature is
less than 90 �C (193 �F), and the adiabatic gas temperature rise (difference between suction temperature and
discharge temperature based on adiabatic compression) is less than 85 K.

6.1.3.1.2 Atmospheric thermosyphon coolant systems (see Figure G.2, Plan B) may be supplied where cylinders
will not be required to operate fully unloaded for extended periods of time and

a) the expected maximum discharge temperature is below 100 �C (212 �F)

b) the adiabatic gas temperature rise is less than 85 K.

6.1.3.1.3 By mutual agreement between the purchaser and vendor, a pressurized thermosyphon system may be
used. The expected maximum discharge temperature shall not to exceed 105 �C (221 �F). The system shall be
supplied with a thermal relief valve set at a gauge pressure of 1,7 bar (25 psig) maximum.

6.1.3.1.4 Forced circulation liquid coolant systems (see Figure G.2, Plan C) shall be provided where cylinders
will operate unloaded for extended periods of time or either

a) the expected maximum discharge temperature is above 100 �C (212 �F) or

b) the adiabatic gas temperature rise is 85 K or greater.

NOTE For sites with ambient temperatures of 45 �C (113 �F) or higher, thermosyphon or static filled systems may not be
suitable. See 5.1.16 for fully unloaded extended operation.

6.1.3.2 Air-cooled cylinders shall not be furnished without the express written approval of the purchaser.

6.1.3.3 To prevent condensation, the coolant inlet temperature to cylinders with forced circulation cooling shall
be at least 5 K above the dew point of the inlet gas. In the case of wet gas, or gas that has been in contact with
liquid in the vessel from which the particular compressor stage takes suction, unless otherwise agreed the dew
point shall be assumed to be at least 5 K above the suction temperature to allow for carry-over of liquid and/or
cooling of the gas before entering the cylinder. Therefore, in such cases, the coolant inlet temperature shall be at
least 10 K above the gas inlet temperature.

The coolant system shall be such that the above requirements are satisfied under all operating and transient
conditions including start-up from cold. If necessary the system should include a coolant recycle pump and heater
for start-up.

Coolant flow velocities shall be sufficiently high to avoid fouling of jackets and passages.
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NOTE Excessively high coolant exit temperatures (more than 17 K above the gas inlet temperature) may result in loss of
capacity and efficiency and should therefore be avoided.

6.1.3.4 The arrangement of the cooling jackets shall be such that failure of a gasket or other seal will not result
in leakage of coolant into the cylinder or gas into the cooling system.

� 6.1.3.5 When specified, a self-contained, forced circulation, closed jacket coolant system shall be furnished. It
shall meet the requirements of 6.1.3.5.1 to 6.1.3.5.3. (See Figure G.2, Plan D.)

6.1.3.5.1 The coolant system shall be such that the requirements of 6.1.3.3 are satisfied.

6.1.3.5.2 If possible, the coolant circulated should be controlled to maintain a rise in coolant temperature across
any individual cylinder, including the cylinder heads if cooled, of between 5 K and 10 K.

6.1.3.5.3 The system shall be pre-piped, factory skid mounted and complete with the various pressure and
temperature indicators, alarms and other instrumentation specified on the data sheets.

6.1.4 Cylinder connections

6.1.4.1 The main inlet and outlet gas connections and all other process gas connections shall be flanged or
machined and studded and shall be suitable for the maximum permissible working pressure of the cylinder as
specified in 6.1.1.1.

6.1.4.2 Studs shall be supplied unless capscrews are specifically approved by the purchaser.

6.1.4.3 The facing and bolting of the main inlet and outlet flanges and tapped auxiliary connections shall
conform to the dimensional requirements ISO 7005-1 or ISO 7005-2 as applicable. Alternative standards are
acceptable by mutual agreement. See 6.1.4.4 for facing finish requirements. The details of any special connections,
such as a lens joint, shall be submitted to the purchaser for review (see annex F). For low pressure cylinders,
where non-circular connections are used, the vendor shall supply inlet and discharge transition pieces with the
termination flange to ANSI or other agreed standards. The transition pieces shall be the same or higher grade
material as the cylinder. The vendor shall supply all gaskets, studs and nuts between the cylinder and transition
piece.

6.1.4.4 The finish of the gasket contact surface of cast iron, ductile iron or steel connections (flanged or
machined bosses), other than ring-type joints, shall be between 3,2 �m and 6,4 �m (125 �in and 250 �in)
arithmetic average roughness (Ra). Either a serrated-concentric or serrated-spiral finish having 0,6 mm to 1,0 mm
pitch (24 to 40 grooves per inch) shall be used. The surface finish of the gasket grooves for ring joint connections
shall conform to ANSI B16.5.

6.1.4.5 For utilities, threaded connections in accordance with ISO 7-1 are permissible in sizes not greater than
DN 40 (11/2 NPS).

Threaded openings not required for the service shall be plugged with solid metal plugs. These plugs shall be of a
material compatible with the fluids contained and having properties at least as good as the material of the cylinder.
Plugs that may later require removal shall be of corrosion-resistant material. A suitable thread lubricant shall be
used. Thread tape shall not be used. Plastic plugs are not acceptable.

� 6.1.4.6 When specified each cylinder shall be provided with a DN 12 (1/2 NPT) indicator tap at each end.
Designs similar to Figure G.5, with a corrosion resistant sleeve arrangement inside a continuous cast-in membrane
to provide a positive gas-tight seal, are acceptable for cast iron and nodular iron cylinders. Materials shall be
compatible with the gas. Unless indicator valves are specified by the purchaser, threaded holes shall be plugged in
accordance with 6.1.4.5.
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6.2 Valves and unloaders

6.2.1 Valve average gas velocity shall be calculated as follows:

m
A

v c
F

�

where:

v is the average gas velocity, in metres per second (feet per second);

A is the effective piston area of the cylinder end or ends concerned in square centimetres (square inches);

F is product of the actual lift, the valve opening periphery and number of inlet or discharge valves in square
centimetres (square inches);

cm is the average piston speed, in metres per second (feet per second).

NOTE The valve lift used in the above equation shall be shown on the data sheets.

If the lift area is not the smallest area in the flow path of the valve, it shall be so noted on the data sheet and the velocity shall be
computed on the basis of the smallest area. Velocities calculated from this formula should be treated only as a general
indication of valve performance and should not be confused with effective velocities based on crank angle, degree of valve lift,
unsteady flow and other factors. The velocity computed from the above formula is not necessarily a representative index for
valve power loss of disc/plate impact.

6.2.2 Valve and unloader designs shall be suitable for operation with all gases specified. Each individual
unloading device shall be provided with a visual indication of its position and its load condition (loaded or
unloaded).

6.2.3 The valve design, including that for double-decked valves, shall be such that valve assemblies cannot be
inadvertently interchanged or reversed. For example, it shall not be possible to fit a suction valve assembly into a
discharge port, nor a discharge valve assembly into a suction port; nor shall it be possible to insert a valve
assembly upside down.

6.2.4 Valve assemblies (seat and guard) shall be removable for maintenance. Valve-seat-to-cylinder gaskets
shall be solid metal or metal jacketed. Valve-cover-to-cylinder gaskets shall be either solid metal, metal jacketed or
“o”-ring type. Other gasket types may be used with the purchaser’s approval.

6.2.5 The valve and cylinder designs shall be such that neither the valve guard nor the assembly bolting can fall
into the cylinder even if the valve assembly bolting breaks or unfastens.

6.2.6 When the mass of valve assemblies exceeds 15 kg (35 lbs), the vendor shall provide a device to facilitate
removal and installation of valve assemblies for maintenance. On all underslung valves, an arrangement shall be
provided to hold the complete valve assembly and any cage or chair in position whilst the cover is fitted.

6.2.7 The ends of coil-type valve springs shall be squared and ground to protect the plate against damage from
the spring ends.

6.2.8 Valve hold-downs shall bear at not less than three points on the valve assembly. The bearing points shall
be arranged as symmetrically as possible.

� 6.2.9 The vendor shall conduct a computer study of the valve dynamics to optimize the valve design for
efficiency, reliability and life. The analysis shall model the valve elements, spring stress, aerodynamic drag
coefficients, fluid damping, flow through the valve during the compression cycle and any other factors deemed
necessary by the vendor to assess valve element motion, impact and efficiency. This study shall review all
operating gas densities and load conditions.

When specified, the vendor shall submit a written valve dynamics report to the purchaser.

6.2.10 Metal valve discs or plates, when furnished, shall be suitable for installation with either side sealing and
shall be finished on both sides to 0,4 �m (16 �in) Ra or better. Edges shall be suitably finished to remove stress
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raisers. Valve seats and sealing surfaces shall also be finished to 0,4 �m (16 �in) Ra or better. When non-metallic
valve plates or discs are furnished, flatness and surface finish shall be controlled such that adequate sealing occurs
in operation. When polyether-ether-ketone (PEEK) plates are furnished, the grade shall be crystalline.

� 6.2.11 When specified, valve seats for use with metallic valve plates shall have a minimum finished hardness of
RC32 and shall be either through-hardened or induction hardened to a minimum case depth of 1,6 mm (1/16 inch).
See 7.1.10.

� 6.2.12 When unloading is specified it shall be accomplished by either valve plate depressors or plug-type
unloaders. Valve assembly lifters shall not be used. When valve plate depressors are used for capacity control, all
inlet valves of the cylinder end involved shall be so equipped. Use of less than a full complement of suction valve
plate depressors requires the purchaser’s approval.

NOTE Special precautions may be necessary when using valve plate depressors in combination with non-metallic valve
plates or discs.

6.2.13 Where plug-type unloaders are used for capacity control, the number of unloaders is determined by the
opening area per plug, the total of which must be equal to or greater than one half of the total free lift area (or least
flow area) of all suction valves on that end. The unloader assembly shall positively guide the plug to the seat.

6.2.14 When valve plate depressors or plug unloaders are used only for start-up, and never for capacity control,
consideration shall be given to using a reduced number of unloaders.

6.2.15 Unless otherwise specified, pneumatically operated unloaders shall be used. Individual hand-operated
unloaders or manual overrides on pneumatically operated unloaders are not permitted unless specifically required
by the purchaser. Remotely operated unloaders shall be connected by the vendor in such a manner that the correct
sequence of operation between stages and cylinder ends is achieved. The vendor shall provide the user with
information regarding the proper sequencing for unloader operation.

NOTE Maloperation and incorrect sequencing of unloaders may result in overload or unbalance of the compressor.

6.2.16 Pneumatic unloaders shall be designed so that the air used for unloading cannot mix with the gases being
compressed, even in the event of failure of the diaphragm or other sealing component. A gas vent connection shall
be provided at the stem packing. Unloader sliding push rods exposed to atmospheric conditions shall be of
corrosion-resistant material.

6.3 Pistons, piston rods and piston rings

6.3.1 Pistons that are removable from the rod shall be attached to the rod by a shoulder-and-locknut design or by
a multi-through-bolt design. All nuts shall be positively locked in place see 6.1.2.11.5. Nuts attaching the piston rod
to the piston and to the crosshead shall be tightened in accordance with the manufacturer’s standard. The rod shall
be positively locked to the crosshead to prevent rotation. As a minimum, the manufacturer’s tightening procedure
must ensure a minimum thread root pre-stress level of one and one half times the rod’s thread root stress at
maximum permissible continuous rod loading. Hydraulic or thermal methods are preferred for tightening piston rod
nuts. Use of slugging-type wrenches is unacceptable for this purpose. See 6.6.9.

6.3.2 Hollow pistons (single piece or multi-piece) shall be continuously self-venting, that is, they shall depressure
when the cylinder is depressured. Acceptable methods of venting are a hole located in the head-end face of the
piston 3 mm (1/8 inch) in diameter, a hole at the bottom of the piston ring groove or a spring loaded relief plug in the
outer-end face of the piston.

� 6.3.3 Wear bands, if required by the manufacturer or specified by the purchaser, shall be of single or multi-piece
construction designed to prevent underside pressurization (action similar to a piston ring). If feasible, pistons shall
be segmented to facilitate wear band installation. Piston ring carriers for multi-piece pistons shall be furnished in
wear-resistant material. Non-metallic wear bands shall not over-run fully-open single-hole valve ports or liner
counterbores by more than one-half the width of the wear band. Where the cylinder design requires the wear band
to over-run the valve ports by more than one-half the band width, the port design shall be of the multiple-drilled-hole
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type to provide sufficient support for the wear band. For non-lubricated service, the bearing load of non-metallic
wear bands shall not exceed 0,035 N/mm2 9) (5 psi) based on the mass of the entire piston assembly plus one-half
the mass of the rod divided by the projected area of a 120� arc of all wear bands (0,866 DW, where D is the piston
diameter and W is the total width of all wear bands).

For lubricated service, the bearing load on wear bands, if used, shall not exceed 0,07 N/mm2 (10 psi) based on the
same criteria.

6.3.4 The material and surface treatment of piston rods shall be proposed by the vendor for the purchaser’s
approval. Consideration should be given to the use of hard coatings to increase the wear resistance. When
coatings are used, piston rods shall be continuously coated from the piston rod packing through the oil wiper travel
areas. The coating material must be properly sealed to prevent corrosion of the base material at the interface of the
coating. Fusion techniques that require temperatures high enough to permanently affect the mechanical
characteristics of the base material are unacceptable.

Piston rod base material and coatings for use in corrosive environments shall be suitable for the service and
operating conditions specified on the data sheets.

High velocity and high impact thermal coating processes are acceptable for coating of piston rods. Metal spray
techniques requiring roughening of the surface of the base material are not recommended because of the
potentially destructive stress risers left in the surface. Use of subcoating under the main coating is not
recommended. Piston rods that have been previously induction hardened shall not be coated with a wear resistant
material over the induction hardened case.

6.3.5 The base material of piston rods used in sour gas service shall be in accordance with NACE MR 0175, see
7.1.10. When this requirement results in insufficient surface hardness for wear resistance, a proven surface
treatment or coating shall be proposed for purchaser’s approval.

6.3.6 Typical tolerances for finished rods are 12,5 micrometrs (0,000 5 in or 0,5 thou) for roundness and 25 �m
(0,001 in or 1 thou) for diametral variation over the length of the rod.

The surface finish in the packing areas for lubricated and non-lubricated services shall be 0,2 �m to 0,4 �m (8 �in
to 16 �in) Ra. Superior finishes should be considered for high pressures or for particular material combinations
where experience indicates that such finishes may result in improved performance.

6.3.7 Piston rods shall be furnished with rolled threads having polished thread relief area. The vendor shall state
on the data sheets the rod material, the yield strength (tensile) and the stress at the thread root diameter at the
maximum permissible continuous combined rod load.

6.3.8 Tailrods shall be used only with purchaser’s specific approval. Tailrod packing assemblies shall be equal in
design and quality to packing assemblies for piston rods. Tailrod surface treatment and finish shall be the same as
for the piston rod. Tailrod design shall include a device to positively prevent the tailrod from being ejected in the
event that it becomes disconnected from the piston/piston rod. Rod runout measured at the tailrod packing
assembly shall not exceed the limits defined in 6.1.2.1.

6.4 Crankcases, crankshafts, connecting rods, bearings and crossheads

6.4.1 Crankshafts shall be forged in one piece (but may have provision for removable counterweights) and shall
be heat treated and machined on all working surfaces and fits. They shall be free of sharp corners. Main and crank
pin journals shall be ground to size. Drilled holes or changes in section shall be finished with generous radii and
shall be highly polished. Forced lubrication passages in crankshafts shall be drilled. See 13.2.2.3.3 for ultrasonic
testing of crankshafts.

6.4.2 Replaceable, precision-bored shell (sleeve) crankpin bearings and main bearings shall be used; however,
tapered roller-type bearings are acceptable for main bearings in compressors with nominal frame ratings of 150 kW

9) 1 N/mm2 = 10 bar.
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(200 hp) or less. Other bearing types or tapered-roller-type bearings for higher power may be used with the
purchaser's specific approval.

NOTE Purchasers should recognize that the use of rolling element bearings may affect the service life of the compressor.

6.4.3 All tapered roller-type bearings shall be suitable for belt drive and shall give an L10 rated life (see ISO 281-1)
of either 50 000 hours with continuous operation at rated conditions or 25000 hours at maximum axial and radial
loads and rated speed. (The rating life is the number of hours at rated bearing load and speed that 90 % of the
group of identical bearings will complete or exceed before the first evidence of failure).

6.4.4 Rolling element bearings shall be in accordance with ISO 281-1 and shall be retained on the shaft and
fitted into housings in accordance with the bearing manufacturer’s recommendation.

6.4.5 Connecting rods shall be forged steel with removable caps. They shall be free of sharp corners. Forced
lubrication passages shall be drilled. Drilled holes or changes in section shall be finished with generous radii, and
shall be highly polished. Crosshead pin bushings shall be replaceable precision-bored type and securely locked in
place. All connecting rod bolts and nuts shall be securely locked with cotter pins or wire after assembly. Connecting
rod big-end bolts shall have rolled threads and should preferably be designed to be hydraulically tensioned.

6.4.6 Crossheads for horizontal compressors with nominal frame ratings greater than 150 kW (200 hp) shall be
steel. ASTM A 536 Grade 80-55-06 ductile iron is acceptable for crossheads in frames nominally rated at 150 kW
(200 hp) or less. The crosshead top and bottom shoes or guides shall be replaceable. Facilities shall be provided
for the adjustment of crosshead clearance and alignment. Adequate openings shall be provided to service
crosshead assemblies.

� 6.4.7 If specified, the crankcase shall be provided with relief devices to protect against rapid pressure rises.
These devices shall incorporate downward-directed apertures (away from the operator’s face), a flame-arresting
mechanism and a rapid closure device to minimize reverse flow.

NOTE It is recommended that the total throat area of these devices should be not less than 70 mm2 for each dm3

(3 square inches per cubic foot) of crankcase free volume.

6.4.8 Crosshead housings shall be attached to the crankcase with studs when not an integral part of the frame. A
metal to metal joint, prepared with suitable sealant, shall be used between the crosshead housing and crankcase,
crosshead housing and distance piece, and distance piece and cylinder.

6.5 Distance pieces

� 6.5.1 The purchaser shall indicate on the data sheets which of the types of distance piece listed in 6.5.1.1 to
6.5.1.4 is required (Figures I.2 and I.3).

6.5.1.1 Type “A”: Short single-compartment distance piece used for lubricated service only where oil carryover
(at the wiper packing and pressure packing) is not objectionable. This arrangement shall not be used when
cylinders are lubricated with synthetic oils.

NOTE Type “A” distance pieces are used for non-inflammable or non-hazardous gases.

6.5.1.2 Type “B”: long single-compartment distance piece used for non-lubricated service or when specified on
the data sheets. It shall be of sufficient length to prevent oil carryover. No part of the piston rod shall alternately
enter the crankcase (crosshead housing) and the gas cylinder pressure packing. The rod shall be fitted with an oil
slinger of spark-resistant material and preferably of a split design for easy access to the piston rod packing.

6.5.1.3 Type “C”: Long/long two-compartment distance piece designed to contain inflammable, hazardous or
toxic gases. No part of the piston rod shall alternately enter the gas cylinder pressure packing, intermediate seal
packing and the wiper packing.

Segmental packing shall be provided between the two compartments. Provisions for lubrication of this segmental
packing, if necessary, and when specified for the injection of sealing gas, shall be furnished by the vendor.
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� 6.5.1.4 Type “D”: Long/short two compartment distance piece designed to contain inflammable, hazardous or
toxic gases. No part of the piston rod shall alternately enter the intermediate seal packing and the wiper packing.
Segmental packing shall be provided between the two compartments. Provisions for lubrication of this segmental
packing, if necessary and, when specified, for the injection of sealing gas, shall be furnished by the vendor.

� 6.5.2 Access openings of adequate size shall be provided in all distance pieces to permit removal of the
assembled packing case. On Type D two-compartment distance pieces, the compartment adjacent to the cylinder
(the outboard compartment) may be accessible through a removable partition. Distance pieces (or compartments)
shall be equipped with screened safety guards, louvered weather covers or gasketed solid metal covers as
specified on the data sheet. All access openings shall be surfaced and drilled to accommodate solid metal covers.
Non-metallic covers are not permitted.

6.5.3 Distance piece design shall be such that the packing rings can be removed and replaced without removal
of the piston rod.

6.5.4 Where solid metal distance piece covers are provided or specified, distance piece, partitions, covers,
bolting and the intermediate seal packing shall be designed for a minimum compartment differential pressure of
2 bar (30 psi) or higher if specified. The vendor shall indicate the maximum permissible working pressure of the
distance piece on the data sheet.

6.5.5 Each distance piece compartment shall be provided with a bottom drain connection and a top vent
connection for the purchaser’s piping. A distance piece compartment with internal reinforcing ribs shall have
internal drain provisions through the ribs. A separate top vent or purge connection shall be provided for each
distance piece compartment. Vent connections shall be at least DN 40 (11/2 NPS). See annex I for vent and purge
system schematic. All other external connections shall be at least DN 25 (1 NPS). Internal packing vent tubing and
fittings shall be of stainless steel. A packing vent connection shall be provided below the rod to facilitate liquid
draining of the packing case. Where packing gland cooling is required or specified, inlet and outlet connections
shall be provided on the distance piece arranged to facilitate draining and venting. See Figures I.1, I.2 and I.3.

Unless otherwise specified, all external drain, vent and purge piping and equipment will be provided by the
purchaser. Closed, sealed or purged cylinder end distance pieces not utilizing the vent connection freely connected
to an atmospheric vent, shall be equipped with a relief device.

The vendor shall confirm that the vent connection (if connected to an open atmospheric vent) or relief device is
adequate to prevent overpressuring of the distance piece in the event of a packing case failure.

6.5.6 For Types A and B distance pieces with solid metal covers, positive seal rings shall be provided at the
wiper packings. For Types C and D distance pieces with solid metal covers, positive seal rings shall be provided at
both the wiper packings and the partitions. These seal rings shall be of the side-loaded segmental type that will
seal at atmospheric pressure (without purge) to prevent contamination of the crankcase oil by leakage from the gas
cylinder pressure packing. See 6.6.8.

6.6 Packing cases and pressure packing

� 6.6.1 All oil-wiper, intermediate-seal and gas-cylinder pressure packings shall be segmental rings with corrosion
resistant garter springs. In sour gas services garter springs shall be made of nickel-chromium alloy such as Inconel
600 or X750. When specified, shields shall be provided in the crosshead housings over the oil return drains from
the wiper packing stuffing boxes to prevent splash flooding.

6.6.2 Packing case flanges shall be bolted to the cylinder head or to the cylinder with no less than four bolts.
Flanges shall be of steel for inflammable, hazardous or toxic gas service. Packing cases shall be pressure-rated at
least to the maximum permissible working gauge pressure of the cylinder. Packing case assemblies shall have
positive alignment features, such as cup-to-cup pilot fits and/or sufficient body-fitted tie bolts.

6.6.3 For inflammable, hazardous, toxic or wet gas service, the pressure packing case shall be provided with a
common vent and drain below the piston rod piped by the vendor to the lower portion of the distance piece. See
annex I.
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6.6.4 Unless otherwise specified on the data sheets, the criteria given in 6.6.4.1 to 6.6.4.4 shall be followed for
the cooling of the pressure packing cases.

6.6.4.1 The manufacturer’s standard design may be used for cylinder discharge gauge pressures up to
100 bar (1450 psig).

6.6.4.2 Liquid-cooled packing cases with totally enclosed cooled cups are required when the following packing
materials are used:

a) Non-lubricated non-metallic packing rings, when the maximum permissible working gauge pressure (MPWGP)
of the cylinder is above 17 bar (250 psig).

b) Lubricated non-metallic rings, when the cylinder MPWGP is above 35 bar (500 psig).

c) All materials, lubricated or non-lubricated, when the cylinder MPWGP is above 100 bar.

In these cases:

� “o”-rings shall be used to seal coolant passages between cups.

� “o”-rings shall be fully captured in grooves, both on the inside and outside diameter of the “o”-ring. A small
relief recess of 0,5 mm to 1 mm shall be provided around the captured “o”-ring to detect leakage. “o”-rings that
span the piston rod are not allowed.

� Liquid cooled cases are to be tested for leakage on the coolant side to a gauge pressure not less than 7,5 bar
(110 psig).

6.6.4.3 Packing cases for pressure packings of non-lubricated compressors that have cylinder MPWGP below
17 bar (250 psig) shall be suitable for the addition of liquid cooling and shall be plugged with threaded steel plugs
at the packing case.

6.6.4.4 When packing is cooled by forced circulation, the vendor shall supply a suitable filter, of 125 �m
nominal rating or better, located external to the distance piece. (See the note under 8.1.6 for the definition of
nominal rating.) Internal tubing and forged fittings of austenitic stainless steel shall be furnished by the vendor. If
external tubing is provided by the vendor it shall be of austenitic stainless steel.

� 6.6.5 When cooling of packing is required, the vendor shall be responsible for determining and informing the
purchaser of minimum requirements such as flow, pressure, pressure drop and temperature, as well as any
filtration and corrosion protection criteria. The coolant pressure drop through the packing case shall not exceed
1,7 bar (25 psi). If specified, the vendor shall supply a closed liquid cooling system. For toxic gas services or when
specified, this system shall be separate from the cylinder jacket cooling system. See Figure G.3 for additional
details on self-contained cooling systems for packing.

NOTE The inlet coolant temperature to the packing case should not exceed 35 �C (95 �F). Packing efficiency is improved
with low coolant temperature.

6.6.6 Adequate radial clearance shall be provided between the piston rod and all adjacent stationary
components to prevent contact when the maximum permissible wear occurs on the piston wear bands.

6.6.7 Crosshead housings shall incorporate packing boxes with oil wiper packing to effectively minimize oil
leakage from the crankcase.

� 6.6.8 When specified, to reduce process gas emissions to an absolute minimum, the gas cylinder pressure
packing case shall include venting and buffer gas cups, with side-loaded packing rings in the adjacent sealing
cups. See the arrangements in Figures I.1, I.2 and I.3.

6.6.9 Unless otherwise specified the manufacturer shall provide suitable devices and instructions to enable the
piston rod to be passed through the completely assembled cylinder pressure packing without damage.
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6.7 Nameplates and rotation arrows

6.7.1 A nameplate shall be securely attached at an easily accessible point on the compressor frame, on each
compressor cylinder and on any major piece of auxiliary equipment.

6.7.2 Rotation arrows shall be cast in or attached to each major item of rotating equipment in a readily visible
location. Nameplates and rotation arrows (if attached) shall be of austenitic stainless steel or of nickel-copper alloy.
Attachment pins shall be of the same material. Welding is not permitted.

6.7.3 The purchaser’s item or tag number, the vendor’s name, the machine’s serial number, year of manufacture,
the compressor frame size and type, the stroke and the rated speed shall appear on the frame nameplates.

6.7.4 Nameplates on compressor cylinders shall include the rated pressure, the serial number, the bore, the
stroke, the maximum permissible working pressure and temperature, the hydrostatic test pressure, the volumetric
clearance of each end (as a percentage of the displacement of that end) and the cold clearance setting for each
end. Cylinder nameplates shall also show the minimum design metal temperature, where this has been specified to
be lower than 0 �C (32 �F).

6.7.5 Induction motors used for driving reciprocating compressors shall be provided with an auxiliary nameplate
stating what the expected full load current shall be and the expected current pulsation level based on the flywheel
selection and resulting final inertia of the rotating system.

NOTE The standard motor nameplate current is normally based on steady-state loads and may not be valid for the variable
torque loads imposed by reciprocating compressors.

7 Materials

7.1 General

� 7.1.1 Materials of construction shall be the manufacturer’s standard for the specified operating conditions, except
as required by the data sheets or this International Standard.

Annex H lists general classes of materials for the compressor which, when used with appropriate heat treatment
and/or impact testing requirements, are considered acceptable for major component parts. See 11 for requirements
for auxiliary piping materials.

7.1.2 Materials shall be identified by reference to International (ISO) Standards if such standards exist and are
technically suitable. If a technically suitable ISO Standard does not exist, then the material shall be specified by
reference to a technically suitable and publicly available standard. If no such standard exists, the vendor shall
specify the necessary details of the material (including at least the mechanical properties, chemical composition
and test requirements) and include this specification in the proposal.

� 7.1.3 The vendor shall specify the tests and inspection procedures necessary to ensure that materials are
satisfactory for the service. Such tests and inspection shall be listed in the proposal and reviewed at the co-
ordination meeting The purchaser should consider specifying additional tests and inspections, especially for
materials in critical service.

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

7.1.5 Minor parts that are not identified (such as nuts, springs, washers, gaskets and keys) shall have corrosion
resistance at least equal to that of specified parts in the same environment.

� 7.1.6 It is the responsibility of the purchaser to identify the presence and maximum amounts of corrosive,
reactive or hazardous agents or components in the process fluids or in the environment such as: hydrogen sulfide,
chlorides or other constituents which may cause corrosion-related cracking, or constituents which may be reactive
with copper of copper alloys and notify the vendor of these.
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7.1.7 Copper and copper alloys shall not be used for parts of compressors or auxiliaries in contact with corrosive
gas or with gases capable of forming explosive copper compounds. Bearing babbit and precipitation-hardened
stainless steels are excluded from this requirement. Where mutually agreed, between the vendor and purchaser,
copper-containing materials may be used for packing on lubricated compressors or for other specific purposes.

7.1.8 Parts manufactured from austenitic stainless steel that are subjected to welding as used for fabrication,
hardfacing, overlay or repair and that are exposed to chlorides or other conditions that promote intergranular
corrosion, shall be manufactured from low carbon or stabilized grade or shall be solution annealed after welding.

NOTE Overlays or hard facings that contain more than 0,1 % 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. If chlorides exist in the
process gas stream to any extent, extreme care should be taken with the selection of materials in contact with the process gas.
Caution should be given to components of aluminium and austenitic stainless steel.

7.1.9 All construction materials in contact with process gases shall be compatible with the gases handled. The
corrosion allowance for separate carbon steel knockout pots shall be a minimum of 3 mm (1/8 inch). The corrosion
allowance for heat exchangers and alloy parts required for special services shall be agreed upon by the purchaser
and the vendor.

� 7.1.10 All materials exposed to hydrogen sulfide gas service as defined by NACE MR 0175 shall be in accordance
with the requirements of that standard.

Components that are fabricated by welding shall be stress relieved, if required, so that both the welds and the heat-
affected zones meet the yield strength and hardness requirements.

NOTE 1 It is the responsibility of the purchaser to determine the amount of hydrogen sulfide which may be present,
considering normal operation, startup, shutdown, idle standby, upsets or unusual operating conditions such as catalyst
regeneration. In many applications, small amounts of hydrogen sulfide are sufficient to require NACE materials.

When trace quantities of hydrogen sulfide are known to be present, or if there is any uncertainty about the amount of hydrogen
sulfide which may be present, then the purchaser should note on the data sheet that NACE materials are required.

Components to which NACE requirements apply shall include, as a minimum: all pressure-containing cylinder parts
(such as the cylinder, heads, clearance pockets, valve covers) and all fasteners directly associated with those
parts; all components within the cylinder (such as piston, piston rod, valves, unloaders, fasteners); components
within the outboard distance piece (such as packing box, packing, fasteners). Fasteners manufactured in
accordance with NACE material requirements shall be clearly and permanently marked as such and their correct
locations shall be identified in the installation and maintenance manuals. For reference see annex P. On multistage
machines NACE requirements shall apply to all cylinders handling the same gas.

NOTE 2 On multiple service machines where NACE materials have not been used for all cylinders, the purchaser/user should
recognize the danger of possible inadvertent interchange of parts.

Exceptions to NACE requirements for hardness are acceptable for valve seats (see 6.2.11) and piston rod surface
(see 6.3.4). Other exceptions may be valve plates and springs where greater hardness has been proven
necessary. Mutual agreement shall be reached between manufacturer and purchaser on alternative alloys or
special heat treatment as required.

7.1.11 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 appropriate temperature
specification.

NOTE Torque loading values (for the same bolt stress) will be considerably different with and without the anti-seizure
compound.

7.1.12 Coarse grain steel plates can be notch sensitive and prone to brittle fracture at ambient temperatures.
Therefore such materials shall not be used for pressure-containing parts.
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7.1.13 “o”-rings shall be compatible with all specified services. For high pressure services, special consideration
shall be given to the selection of “o”-rings to ensure that they will not be damaged upon rapid depressuring of the
compressor.

NOTE Susceptibility to explosive decompression is dependent on the gas to which the “o“-ring is exposed, the
compounding of the elastomer, temperature of exposure, the rate of depressuring and the number of cycles.

7.2 Pressure-containing parts

7.2.1 Unless otherwise specified, materials for pressure containing parts shall be used with the limitation of the
maximum permissible working gauge pressure (MPWGP) indicated in Table 3. All materials selection shall be
reviewed by the purchaser.

Table 3 — Maximum permissible working pressures for cylinder materials

Material MPWGP

bar psig

Grey cast iron 70 1 000

Nodular iron 100 1 450

Cast steel 180 2 600

Forged steel no limitation

Fabricated steel 85 1 250

7.2.2 Steel compressor cylinders shall be equipped with steel heads.

7.2.3 The use of fabricated cylinders requires the purchaser’s written approval.

7.2.4 Materials and the quality of all welding shall be equal to those required by the agreed pressure design
code. The manufacturer’s data report forms, as required by some codes, are not required.

7.2.5 The vendor shall specify the materials of those pressure-containing parts shown on the data sheets.

7.3 Castings

7.3.1 Castings shall be sound and free of shrink holes, blow holes, cracks, scale, blisters or other similar
injurious defects. Surfaces of castings shall be cleaned by sandblasting, shotblasting, pickling or any other
standard method. All mold-parting fins and remains of gates and risers shall be chipped, filed or ground flush.

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

7.3.3 Fully enclosed cored voids, including voids closed by plugging, are prohibited.

7.3.4 Unless otherwise specified, the reference standards for pressure containing castings shall be ASTM A 278
for grey iron and ASTM A 216 for steel.

7.3.5 Nodular iron castings shall be produced in accordance with ASTM A 395. The production of the castings
shall also conform to the conditions specified in 7.3.5.1 to 7.3.5.4.

7.3.5.1 A minimum of one set (three samples) of Charpy V-notch impact specimens shall be made from
material adjacent to the tensile specimen on each keel or Y block. These specimens shall have a minimum impact
value of 12 J (9 ft lbs) and an average impact value of 13,5 J (10 ft lbs) at room temperature.
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7.3.5.2 The tensile and keel block cast at the end of the pour shall have a thickness not less than the
thickness of critical sections of the main casting. These test blocks shall be tested for tensile strength and hardness
and shall be microscopically examined. Classification of graphite nodules shall be in accordance with ASTM A 247.

7.3.5.3 An as-cast sample from each ladle shall be chemically analysed.

7.3.5.4 To verify the uniformity of the casting, Brinell hardness readings shall be made on the actual castings
at section changes, flanges and other accessible locations such as the cylinder bore and valve ports. Sufficient
surface material shall be removed before hardness readings are made to eliminate any skin effect. Readings shall
also be made at the extremities of castings at locations that represent the sections poured first and last. These
shall be made in addition to Brinell readings on the keel and Y blocks.

7.4 Forgings

The minimum quality standard allowed for forgings for pressure containing parts shall be ASTM A 668.

7.5 Fabricated cylinders and cylinder heads

7.5.1 All fabricated cylinders shall be designed based on an infinite fatigue life. An engineering analysis shall be
conducted by the vendor which addresses the applicable loads, materials, weldments and the geometry of the
cylinder. The analysis shall ensure that the alternating stresses are limited to values that preclude the propagation
of an existing internal defect.

7.5.2 Gas pressure containing parts of cylinders and cylinder heads made of wrought materials or combination of
wrought and cast materials shall conform to the conditions specified in 7.5.2.1 to 7.5.2.8.

7.5.2.1 Plate subjected to alternating pressure loads used in cylinders and cylinder heads shall be subjected to
the procedures in paragraphs 7.5.2.1.1 to 7.5.2.1.3 after being cut to shape and prior to weld joint preparation.

7.5.2.1.1 If the plate is loaded in tension in the through thickness direction, the plate shall be 100 %
ultrasonically inspected in the area one plate thickness either side of the load-imposing members. (See Figure 1).

7.5.2.1.2 If the plate is loaded in bending, the plate shall be 100 % ultrasonically tested in the area one plate
thickness either side of the load-imposing member. (See Figure 2).

7.5.2.1.3 If the plate is axially loaded, ultrasonic inspection is not required. (See Figure 3).

NOTE These procedures are intended to discover laminations or inclusions which would affect the load-carrying ability of
the components.
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a The arrows indicate the direction of loading.
b The cross-hatched area indicates the extent of ultrasonic testing.

Figure 1 — Plate loaded in tension through the thickness

a The arrows indicate the direction of loading.

b The cross-hatched area indicates the extent of ultrasonic testing.

Figure 2 — Plate loaded in bending
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a The arrows indicate the direction of loading.

Figure 3 — Plate loaded in tension axially

7.5.2.2 After preparation for welding, plate edges shall be inspected by magnetic particle or liquid penetration
examination in accordance with the pressure design code.

7.5.2.3 Accessible surfaces of welds shall be inspected by magnetic particle or liquid penetrant examination after
chipping or back-gouging and again after post-weld heat treatment.

� 7.5.2.4 When specified, the quality control of welds which will be inaccessible upon completion of the fabrication
shall be mutually agreed between purchaser and vendor prior to fabrication.

7.5.2.5 Pressure-containing welds shall be full-penetration (complete-joint) welds unless otherwise approved by
the purchaser prior to any fabrication.

7.5.2.6 All fabricated cylinders and cylinder heads shall be post-weld heat treated. The vendor shall specify the
post-weld heat treatment procedure.

Both the thickness of the welds and section thickness of the component attachments shall be considered in the
selection of heat treatment procedure. See 7.7.6.

7.5.2.7 All butt welds on the inner barrel of welded cylinders shall be 100 % examined radiographically. When
radiographic examination of such welds can only be performed prior to complete fabrication, final inspection shall
be carried out with other acceptable methods, such as ultrasonic examination. (See 13.2.2).

� 7.5.2.8 When specified, proposed welding designs shall be made available for review by the purchaser for
approval before fabrication. The drawings shall show weld designs, size, materials and pre- and post-weld heat
treatments.

7.6 Repairs to castings and forgings

7.6.1 Major repairs to pressure-containing parts and all repairs to moving parts subject to load reversals and
crankshafts shall not be undertaken without the written authorization of the purchaser. This could include, but not
be limited to, cylinder parts, piston and rod assembly components and crosshead assembly components. Repair of
steel castings within the permissible parameters of the material standard are not considered as major repairs.
However all repairs to pressure-containing parts carried out after hydrostatic testing shall be considered as major
repairs.

Before performing major repairs to pressure-containing parts, the vendor shall submit sketches showing the
defective area, the proposed method of repair, the materials to be used, the welding procedure and the proposed
extent of testing or retesting to prove the effectiveness of the repair for the purchaser’s approval. All such repairs
shall be properly documented for the purchaser’s permanent record.

For non-pressure-containing components, the vendor will make repairs in accordance with his internal quality
procedures. These procedures shall be available for review by the purchaser at the manufacturer’s plant.

When repairs of non-pressure-containing components are carried out, they must be documented by the vendor. No
repair is to be made without written approval of the vendor’s engineering, quality control and manufacturing
departments.
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� When specified, the purchaser shall be given notice of repairs to other major components.

7.6.2 Pressure-containing castings shall not be repaired by peening, burning-in or impregnating. Pressure-
containing castings and forgings shall not be repaired by welding, plating or plugging except as specified in 7.6.2.1
to 7.6.2.2.

� 7.6.2.1 Weldable grades of steel castings and forgings may be repaired by welding using qualified welding
procedures based on the requirements of the pressure design code, or other recognized standards, if specified by
the purchaser. After major weld repairs and prior to hydrotest, the complete casting or forging shall be given a post-
weld heat treatment to ensure stress relief and continuity of mechanical properties of both weld and parent metals.

7.6.2.2 Grey cast iron or nodular iron may be repaired by plugging within the limits specified in ASTM A 278 or
ASTM A 395; but shall not be repaired by welding.

However, unless otherwise agreed upon by the purchaser and the manufacturer, plugs shall not be used in the
gas-pressure-containing wall sections, including the bore under the liner.

The holes drilled for plugs shall be carefully examined, using liquid penetrant, to ensure that all defective material
has been removed.

NOTE Annex D briefly describes some repair techniques that may be considered for application to grey or nodular iron
castings for compressor cylinders. These techniques should only be applied after a thorough mutual evaluation of the
circumstances by the purchaser and vendor.

7.7 Welding

7.7.1 Welding of piping and pressure-containing parts, as well as any dissimilar-metal welds and weld repairs,
shall be performed and inspected by operators and procedures qualified in accordance with the pressure design
code, or other recognized standards, if specified by the purchaser.

7.7.2 The vendor shall be responsible for establishing weld repair procedures that are in compliance with the
requirements of the applied standards and for the implementation of repairs in accordance with these procedures,
including post-repair heat treatment, if required and non destructive examination of repairs. Such procedures are
subject to review by the purchaser before any repair is made.

7.7.3 Welding not covered by 7.7.1 such as welding on base plates, non-pressure ducting, lagging and control
panels shall be performed by welders, qualified in accordance with an appropriate recognized standard such as
AWS D 1.1.

7.7.4 Inspection of repair welds shall be performed in accordance with the method used in detection of the original
defect.

7.7.5 Connections welded to pressure-containing parts shall be installed as specified in 7.7.5.1 through 7.7.5.3.

� 7.7.5.1 When specified, in addition to the requirements of 7.7.1, 100 % radiography of butt welds or magnetic
particle inspection or liquid penetrant inspection of welds is required.

7.7.5.2 When heat treatment is required, piping welds shall be made before the component is heat treated.

� 7.7.5.3 When specified, proposed connection sketches shall be submitted to the purchaser for review before
fabrication. The sketches shall show weld designs, size, materials and pre- and post-weld heat treatments.

7.7.6 When required by the applicable code or 7.5.2.6 all welds shall be heat treated in accordance with the
methods described in the applied standards. For steels in H2S service, heat treatment shall also be in accordance
with NACE MR 0175. See 7.1.10.

7.7.7 Flux-core welding may be used for equipment in hydrogen service, upon written agreement of the purchaser
after submission of weld procedures.
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7.8 Low temperature service

� To avoid brittle failures, materials and constructions intended for low temperature service shall be in accordance
with the codes and other requirements specified on the data sheets. The purchaser shall specify the minimum
design metal temperature (MDMT) related to the expected operating conditions. The vendor and purchaser shall
agree any special precautions necessary with regard to conditions that may occur during transportation, erection
and commissioning.

8 Lubrication

8.1 Compressor frame lubrication

8.1.1 The frame lubrication system shall be a pressurized system; however splash lubrication systems may be
used on horizontal compressors with rolling element bearings when the compressor’s nominal frame rating is
150 kW (200 hp) or less. The crankcase oil temperature shall not exceed 70 �C (158 �F) for pressurized oil systems
and 80 �C (176 �F) for splash systems. Cooling coils shall not be used in crankcases or oil reservoirs.

� 8.1.2 If specified, pressure lubrication systems shall be designed and funished in accordance with ISO 10438-2
(or chapter 2 of API Std 614).

NOTE ISO 10438-2 (or API Std 614) is typically applied only to reciprocating compressor trains involving a large turbine
driver and gear unit.

8.1.3 All pressure lubrication systems shall, as a minimum, consist of an oil pump with a suction strainer, a supply-
and-return system (see 11.2), an oil cooler (when required), a full-flow filter, and the necessary instruments. (See
Figure G.4 for a typical schematic drawing of a lubricating oil system). The requirements of 8.1.3.1 to 8.1.3.3 shall
apply.

8.1.3.1 All external oil-containing pressure components, including the auxiliary pump, shall be steel, except that
crankshaft-driven lubricating oil pumps may have cast iron or nodular iron casings.

� 8.1.3.2 For each unit having a nominal frame rating of more than 150 kW (200 hp), the vendor shall provide a
separate, independently driven, full-capacity, full pressure auxiliary oil pump with an automatic start feature
activated by low lubricating oil pressure and include provisions for post-lubrication after shut-down. The type of
driver will be specified on the data sheets. Unless otherwise specified, pump drivers shall be sized for the pump
power and required starting torque at an oil kinematic viscosity of 1 000 mm2/s (5 000 SSU).

� 8.1.3.3 Both main and auxiliary pumps shall be sized for 20 % greater flow than the total oil demand. In addition,
each pump shall be provided with a separate non-integral pressure relief valve individually piped back to the
crankcase reservoir. A relief valve serving the main oil pump may have a cast iron or nodular iron body if it is
located inside the crankcase, otherwise it shall be steel. When specified by the purchaser, the relief valve for the
crankcase driven pump shall be mounted outside the crankcase.

Continuously operating flowing oil return lines shall enter the sump or an external reservoir in such a way to avoid
adverse effect on pump suction and electrostatic discharge.

8.1.3.4 The rated gauge pressure of the frame lubrication system shall be not less than 10 bar (150 psig)

8.1.3.5 Lubricating oil consoles shall have a steel base plate with a rim and drip lip for drainage.

� 8.1.4 An oil cooler shall be provided to maintain oil supply temperature at or below 55 �C (131 �F). The cooler
shall be a water-cooled, shell-and-tube type or plate type or of a suitable air-cooled type, as specified.

Shell-and-tube coolers shall have water on the tube side. A removable-bundle design is required with coolers with
more than 0,5 m2 (5 ft2) of surface, unless otherwise specified. Removable-bundle coolers shall be in accordance
with TEMA Class C and shall be constructed with a removable channel cover. Tubes shall have an outside
diameter of not less than 16 mm (5/8 inch), and the tube shall have a wall thickness of not less than 1,2 mm
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(18 BWG10)). Unless otherwise specified, cooler shells, channels and covers shall be steel; tube sheets shall be
brass; and tubes shall be bronze or copper-nickel. U-bend tubes are not permitted.

Each cooler shall be sized to accommodate the total cooling load.

The vendor shall state the lubricating oil pressure at the cooler outlet so that the purchaser may provide water at a
lower pressure, if desired, in order to prevent contamination of the lubricating oil in case of cooler failure. Coolers
shall be equipped with vent and drain connections on their oil and water sides. The vendor shall include in the
proposal complete details of any proposed plate-type or air-cooled cooler. Internal oil coolers are not acceptable.

8.1.5 A temperature regulating valve shall be provided to maintain the temperature of the oil above the minimum
temperature specified by the vendor by allowing oil to bypass the cooler. (See Figure G.4 for a typical schematic
drawing of a lubricating oil system).

8.1.6 Full-flow filters with replaceable elements shall be supplied, with filtration of 10 �m (nominal) or finer. The
filters shall be located downstream of the cooler. Filters having covers with a mass greater than 16 kg (35 lbs) shall
have cover lifters. Filters shall not be equipped with a bypass. Filter cartridge materials shall be corrosion resistant.
Metal-mesh or sintered-metal filter elements are unacceptable. Flow shall be from the outside toward the centre of
the filter cartridge. The design of the filter-cartridge assembly shall assure that internal bypassing cannot occur due
to filter-to-cartridge or cartridge-to-cartridge misalignment, inadequate end cover sealing or other sealing
deficiencies. The pressure drop for clean filter elements shall not exceed 0,3 bar (5 psi) at an operating
temperature of 40 �C (104 �F) and normal flow. Cartridges shall have a minimum collapsing differential pressure of
5 bar (75 psi). Each filter shall be equipped with a vent and, if size permits, clean-and dirty-side drain connections.
The MPWGP of filter casings shall be not less than the system relief valve setting. The relief valve setting shall be
no greater than the sum of the normal bearing supply pressure, the equipment and piping pressure losses
upstream of the filter and the cartridge collapsing differential pressure drop at a minimum oil temperature of 27 �C
(81 �F) and the normal flow rate to the bearings. For required start-up oil temperatures above 27 �C (81 �F), a
heater in accordance with 8.1.7 shall be supplied.

� When specified, dual filters shall be supplied complete with a separate or integral continuous-flow transfer valve
that provides tight shutoff of the idle filter. The system shall be designed to permit cartridge replacement and
repressuring during operation.

NOTE Micron particle size implies the size of a spherical bead; thus, 10 micron is a sphere with a diameter of 10 �m. Within
the element’s recommended maximum pressure drop, 10 �m nominal implies that the efficiency of the filter on particles that are
10 �m or larger in diameter will be no less than 90 % for the life of the element. Absolute micron particle ratings are different. A
micron-absolute filter rating implies that no particles of the rating size or larger will pass; e.g., a filter may be 10 �m nominal and
15 �m absolute.

� 8.1.7 When specified, a removable steam-heating element external to the reservoir, or a thermostatically
controlled electric immersion heater with a sheath of austenitic stainless steel, shall be provided for heating the
charge capacity of oil before start up in cold weather. The heating device shall have sufficient capacity to heat the
oil in the reservoir from the specified minimum site ambient temperature to the manufacturer’s required start up
temperature within 12 h. If an electric immersion heater is used, the specific heat flow rate shall not exceed
2,3 W/cm2 (15 W/in2). Each electric heater shall be protected against being energized when not completely
immersed in oil.

8.1.8 The oil reservoir shall be equipped with an oil-level sight glass. The maximum and minimum operating levels
shall be permanently indicated.

10) Birmingham Wire Gauge.
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8.2 Cylinder and packing lubrication

8.2.1 General

� 8.2.1.1 The purchaser shall specify either a single plunger-per-point or a divider-block mechanical lubricator
system for compressor cylinder and packing lubrication.

� 8.2.1.2 Lubricators shall be driven by the crankshaft or driven independently as specified. Lubricators shall be
separate from the frame lubrication pump(s) and complete with necessary tubing or piping (see 11.3). Ratchet
lubricator drives are unacceptable.

8.2.1.3 Pumps shall be sized to permit a 100 % increase and a 25 % decrease in design flow. The pumping rate
shall be adjustable while the compressor is operating.

� 8.2.1.4 When specified, a heating device with thermostatic control for the lubricator reservoir oil shall be provided.
The specific heat flow rate of the device shall be limited to 2,3 W/cm2 (15 watts per square inch). The size of
heating system and temperature control instrumentation shall be as agreed by the purchaser and vendor.

When an internal heater is used it shall be fully immersed even at minimum level. (See 8.2.2.3).

8.2.1.5 Unless otherwise specified, lubricators shall have provisions for pre-lubrication of the compressor prior to
compressor start up.

� 8.2.1.6 Alarm functions shall be provided if specified by the purchaser.

8.2.1.7 A lubrication point (or points) shall be provided for each compressor cylinder bore and packing. A stainless
steel integral double-ball check valve shall be provided as close as possible to each lubrication point. Check valve,
tubing and fittings shall be rated for the maximum permissible working gauge pressure of the lubricator.

8.2.1.8 Lubricating oil injection passages to the cylinder bore shall be drilled through metal provided in the cylinder
water jacket casting or weldment. Lubrication pipes or tubes (similar to Figure G.5) running through that metal in
the water jacket are acceptable. Pipe or tubing shall be of austenitic stainless steel (see 11.3) and may be used in
the gas passages if the materials are compatible with the gas composition. Lubricating oil injection passages shall
be drilled and tapped for all cylinders including non-lubricated services. Unused holes shall be plugged with
threaded stainless steel solid plugs. Tubing connections shall be match tagged for identification at the disassembly
points for all compressor components in order to facilitate re-assembly.

� 8.2.1.9 The purchaser will indicate if the compressor cylinders are to be lubricated by synthetic lubricants. The
lubricant specifications shall be entered on the data sheet by the purchaser unless the vendor’s recommendation is
desired. Interior surfaces of the lubricating system coming into contact with the synthetic lubricant shall be of
compatible materials agreed upon by the compressor manufacturer and the lubricant manufacturer. Interior
surfaces coming into contact with synthetic lubricant shall be left unpainted. If other interior surfaces (e.g. of
distance pieces) must be painted, a synthetic-lubricant-resistant coating recommended by the lubricant
manufacturer shall be used.

8.2.1.10 Lubricator reservoir capacity shall be adequate for 30 h at normal flow.

8.2.2 Point-to-point lubrication

8.2.2.1 Lubricators shall have a sight flow indicator for each lubrication point.

8.2.2.2 Feed rate to each point shall be individually adjustable while the compressor is operating.

8.2.2.3 Protection against failure of the cylinder and packing lubricators, shall consist of a low-pressure alarm
connected to the discharge of an extra plunger pump that circulates oil through an orifice and back to the lubricator
reservoir. This pump shall have its suction tube shortened so that it will lose suction when the lubricator reservoir oil
drops below 30 % of full level. When more than one oil reservoir compartment is used, each compartment shall be
so protected.
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8.2.3 Divider block lubrication

Protection devices shall be as agreed by the purchaser and the vendor. For example, each outlet of the primary
divider block may be equipped with a resetable spring-loaded indicator pin for indicating when the outlet is plugged.
The system may be protected from overpressure with a rupture disk located downstream of the pump(s). A
pressure gauge may also be provided indicating pump discharge pressure. For protection against loss of flow, a
cycle monitor may be provided with a digital display showing total flow and shall be equipped with an alarm
indicating no flow. The cycle monitor may be driven by a proximity switch mounted on the primary divider block.

9 Accessories

9.1 Drivers

9.1.1 General

� 9.1.1.1 The type of driver shall be specified by the purchaser. The driver and power transmission equipment shall
be furnished by the compressor vendor unless specified otherwise. The driver shall be sized to meet the maximum
specified operating conditions, including gear and/or coupling losses and shall be in accordance with applicable
specifications as stated in the inquiry and order. All driver units shall be suitable for satisfactory operation under the
specified utility and site conditions. The driver shall be capable of driving the compressor with all stages at full flow
and discharging at the relevant relief valve set pressure.

� 9.1.1.2 Anticipated process variations that may affect the sizing of the driver (such as changes in the pressure,
temperature or properties of the fluid handled as well as special plant start-up conditions) shall be specified by the
purchaser.

� 9.1.1.3 The starting conditions for the driven equipment shall be specified by the purchaser and the starting
method shall be mutually agreed upon by the purchaser and the vendor. The driver’s starting-torque capabilities
shall exceed the starting-torque requirements of the driven equipment.

9.1.1.4 The inertias of the rotating parts of the compressor and the drive train shall be such that rotational
oscillations will be minimized. Objectionable oscillations include those that cause damage, undue wear of parts or
interference with the governor or governing system of the driver and those that result in harmful torsional and/or
electrical system disturbances. For initial design purposes, peak to peak speed oscillation of the rotating system
shall be limited to 11/2 % of rated speed at full load and partial cylinder loads if step unloading is specified. The
compressor vendor shall inform the driver manufacturer of the nature of the application including vibratory torque
characteristics and shall obtain confirmation from the driver manufacturer that the driver is suitable for this service.

9.1.1.5 For the purpose of sizing flywheels and couplings for gear drives, the peak-to-peak vibratory torque at the
gear shall not exceed 25 % of the torque corresponding to the maximum compressor load and in no case shall
there be any torque reversal in the gear mesh.

9.1.1.6 For V-belt-driven compressors the peak to peak speed variation shall not exceed 3 % of rated compressor
speed at any operating condition (see 9.4).

9.1.2 Motor drivers

9.1.2.1 For motor-driven units, the motor rating shall be not less than 110 % of the greatest power required
(including gear and coupling losses) for any of the specified operating conditions.

� 9.1.2.2 Motor drivers for reciprocating compressors may be either synchronous or induction machines, and shall
be one of the following types as specified by the purchaser:

� cantilevered (overhung) type in which the motor rotor is mounted on an extension of the compressor
crankshaft with no additional bearings (see 9.1.2.10);
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� single bearing motor with the single outboard bearing supported in a separate pedestal;

� single bearing motor with an integral bearing;

� two-bearing motor with separate bearing pedestals;

� two-bearing motor with integral bearings.

The shaft of a single bearing motor shall be rigidly coupled to the compressor crankshaft. Unless otherwise agreed
upon the connection shall be with forged flanges integral with the motor shaft and crankshaft.

A two-bearing motor may be directly coupled to the compressor or may drive the compressor through a reduction
gear or through belts as specified by the purchaser.

When specified, single bearing motors shall be provided with a temporary inboard support device to facilitate
erection and alignment.

� 9.1.2.3 The purchaser will specify the type of motor driver, electrical characteristics, starting conditions (including
expected voltage drop on starting), type of enclosure, sound pressure level, area classification in accordance with
IEC 60079-0, insulation class and maximum temperature rise, ambient temperature and elevation above sea level,
electrical transmission losses and any power factor requirement, temperature detectors, vibration sensors, space
heaters and auxiliaries such as motor-generator sets, ventilation blower and instrumentation. Refer to 9.4.3 when
belt drives are to be used.

Totally enclosed motors installed in hazardous areas other than explosion-proof or pressurized types shall be
provided with purge connections.

NOTE Purging with dry air or inert gas of motors which are neither explosion-proof nor pressurized is recommended to
avoid build up of inflammable gas in the motor enclosure, which may lead to explosions.

� 9.1.2.4 The system’s starting-torque requirements shall be met at a reduced voltage specified by the purchaser
and the motor shall accelerate to full speed within a period of time agreed upon by the purchaser and the vendor.
The motor starting torque shall be sufficient for starting the compressor without the need to depressurize any stage
from its normal suction pressure as long as all cylinder ends are unloaded or all stages are 100 % bypassed.
Special agreement may be necessary in the following circumstances: low ratios of piston-to-rod diameter, high
suction pressure, high settling-out gas pressure specified by the purchaser or high pressure unloaded starts when
compressor valve flow areas are low. Unless otherwise specified, the purchaser shall supply the necessary motor
starting apparatus.

NOTE Settling out pressure is defined as the pressure of the compressor system when the compressor is shut down
without depressurising the system.

9.1.2.5 Unless otherwise specified, the design of the motor shall conform to IEC 60529, IEC 60079-0 and
IEC 60034-1.

� 9.1.2.6 The combined inertia of rotating parts of synchronous-motor-compressor installations shall be sufficient to
limit motor current variations to a value not exceeding 66 % of the full load current (see IEC 60034-1) for all
specified loading conditions, including unloaded operation with cylinders pressurized to their normal suction
pressures. For induction-motor-compressor installations, motor current variations shall not exceed 40 % of the full
load current using the method as described in IEC 60034-1. The purchaser shall furnish the vendor with the
electrical system data necessary for proper design.

NOTE The power supply for some installations may require tighter control of current variations in order to protect other
equipment in the electrical system. Standard motor performance data are based on steady-state load conditions and may not
reflect actual performance under the variable torque conditions encountered when driving reciprocating compressors. With
induction motor drivers, the effects of variable torque and resultant current pulsations are more pronounced and require closer
evaluation. See 6.7.5.
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9.1.2.7 When the motor is supplied by the purchaser, the compressor vendor shall furnish the purchaser with the
following.

a) The required motor rotor inertia to satisfy the flywheel requirements of the compressor for all specified
operating conditions.

b) Starting torque requirements.

c) Mounting or coupling details, or both.

9.1.2.8 Where a synchronous motor is to be connected to an electrical bus system that feeds existing
synchronous motors, the purchaser shall consider performing an electrical system analysis and supply the
compressor vendor (and the motor vendor if the motor is separately purchased) with all data necessary to permit
proper design.

9.1.2.9 For synchronous-motor-driven compressors, the torsional stiffness and the inertia of all rotating parts shall
provide at least a 20 % difference between any inherent exciting frequency of the compressor and the natural
frequency of the motor rotor oscillation with respect to the rotating magnetic field.

9.1.2.10 Cantilevered motor shafts shall be approved by the purchaser and shall have sufficient rigidity to prevent
the main rotor and rotating exciter, if fitted, from contacting their stators as a result of either shaft deflection and
unbalanced magnetic forces or dynamic mechanical unbalanced forces.

9.1.2.11 The motor manufacturer’s drawing shall show the permissible tolerance for setting the air gap. All
sections of the motor stator (and rotary exciter, if applicable) shall be dowelled after internal alignment is completed
to ensure maintenance of the proper air gap. The exciter housing shall be mounted with sufficient lateral and axial
rigidity to prevent excessive motion of the stator relative to the rotor. Motors without thrust bearings shall be
provided with a permanent and evident indication of the position of the rotor relative to the axial magnetic centre.

9.1.2.12 The bearings of motors that are to be rigidly coupled to a compressor shall be of the same generic type
(hydrodynamic or rolling element) as the main bearings of the driven compressor. The use of rolling element
bearings in other cases requires the purchaser’s approval. The design of direct coupled motors shall be such that
the bearings can be inspected, removed and replaced in-situ.

Bearings shall be electrically insulated to prevent the circulation of stray electrical currents. Hydrodynamic bearings
shall be self-lubricated or, when specified by the purchaser, shall be supplied with oil from the compressor frame
lubrication system.

Bearing housings shall be provided with shaft seals to prevent the ingress of dirt and moisture into the bearings or
leakage of oil into the motor wirings.

9.1.2.13 The motors for auxiliary equipment shall be suitable for the specified area classification in accordance
with IEC 60079-0 and IEC 60529. Motor rating shall be at least 110 % of the maximum power required for any
operating condition.

9.1.3 Turbine drivers

� 9.1.3.1 Turbine drivers shall conform to ISO 10436 or ISO 10437 as specified by the purchaser. Unless otherwise
specified, turbine drivers shall be rated to continuously deliver at least 120 % of the rated compressor power plus
transmission losses.

� 9.1.3.2 When specified, a separate lubricating oil system in accordance with ISO 10 438 (or API Std 614) shall be
furnished for a turbine drive train.
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9.2 Couplings and guards

9.2.1 Couplings

9.2.1.1 When a flexible coupling between the driver and the driven equipment is required, it shall be supplied by
the manufacturer of the driven equipment unless otherwise specified.

� 9.2.1.2 The coupling make, type and mounting arrangement shall be agreed upon by the purchaser and the
vendors of the driver and driven equipment. A spacer coupling shall be used when specified. Flexible couplings
shall be of the all steel, flexible membrane, torsionally rigid spacer type, except that low speed couplings may be of
the elastomeric type where necessary to avoid torsional resonance problems.

� When specified, the coupling or couplings shall be in accordance with ISO 10441.

9.2.1.3 For compressors rated at 1500 kW (2 000 hp) or more and driven by a double-reduction gear, the low-
speed coupling may be a quill shaft. In such cases, the quill shaft shall be directly coupled to the compressor
flywheel.

Stresses in the quill shaft shall be given careful consideration. A typical value for the mean torsional stress is
approximately 15 % of the yield strength of the material. The alternating stress is typically held to a value no greater
than one third of the mean torsional stress.

9.2.1.4 Information on shaft, keyway dimensions (if any) and shaft end movements due to end play and thermal
effects shall be furnished to the vendor supplying the coupling.

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

� 9.2.1.6 When specified, couplings for auxiliary drives shall be in accordance with ISO 14691.

9.2.2 Guards

� 9.2.2.1 Guards shall be provided for all moving parts which might be hazardous to personnel. Guards shall comply
with specified applicable safety codes. Openings shall be provided in flywheel guards used for barring-over the
machine and provide access to indicator timing marks, wheel centre (if available) and to any other parts which may
require attention.

Unless otherwise specified, guards shall be supplied by the vendor. They shall be easily removable, weatherproof,
of non-sparking construction, with continuous welding and sufficiently rigid to withstand deflection and prevent
rubbing as a result of body contact. This also applies to auxiliary coupling guards.

� Where aluminium is not considered an acceptable non-sparking material, it shall be so specified by the purchaser.

9.2.2.2 For outdoor installations, guards over belt drives shall be weatherproofed and properly ventilated to
prevent excessive heat build up. A weatherproof access door (or doors) shall be provided as necessary to allow
inspection and on-stream servicing of belts.

9.3 Reduction gears

� 9.3.1 Gear units shall comply with ISO 13691, or as specified by the purchaser.

9.3.2 Gears lubricated by an integral pump shall be provided with an electrically driven standby pump arranged for
automatic start. The system shall be arranged to prevent starting unless the oil pressure has reached the minimum
permissible level.

Copyright International Organization for Standardization 
Provided by IHS under license with ISO 

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ISO 13707-2000

http://www.avadocuments.com/doc/iso-13707-2000
http://www.avadocuments.com/doc/iso-13707-2000


ISO 13707:2000(E)

36 © ISO 2000 – All rights reserved

9.4 Belt drives

9.4.1 Belt drives shall be limited to compressors of rated power no greater than 150 kW (200 hp). If more than one
belt is required, the vendor shall furnish matched belt lengths. All belt drives shall be static-conducting type and oil
resistant. The drive system shall be selected on the basis of 1,75 times the driver power rating.

The details of belt tension, centre distance, belt wrap and crankshaft web deflection and testing shall be mutually
agreed upon by the vendor and purchaser.

9.4.2 The vendor shall provide a positive belt-tensioning device on all belt drives. All bearing lubrication points
shall be accessible.

9.4.3 The compressor manufacturer shall inform the driver manufacturer whenever the driver is to be used to belt-
drive the compressor. The driver manufacturer shall be provided with, and take into account, the radial load and
vibratory torque conditions associated with reciprocating compressors and shall provide bearings with a life at least
equivalent to that specified in 6.4.3.

9.4.4 Belt drives shall meet the requirements of 9.4.4.1 to 9.4.4.4.

9.4.4.1 The shaft length on which the sheave hub is fitted shall be greater than or equal to the width of the sheave
hub.

9.4.4.2 The length of a shaft key fitting used to mount a sheave shall be no less than the length of a sheave bore.

9.4.4.3 The sheave shall be mounted on a tapered adapter bushing.

9.4.4.4 To reduce the overhung moment on shafts due to belt tension the sheave overhang distance from the
adjacent bearing shall be minimized.

9.5 Mounting plates

9.5.1 General

� 9.5.1.1 The equipment shall be furnished with a base plate, skid, sole-plates or rails as specified by the purchaser.

NOTE In 9.5.1.2 to 9.5.1.16 the term "mounting plates" refers to base plates, skids, sole-plates and rails.

9.5.1.2 When equipment is mounted directly on machined metal surfaces integral with mounting plates, such
surfaces shall be machined flat and parallel to all other mounting surfaces to within 0,15 mm/m (0,002 in/ft).

9.5.1.3 The compressor parts (such as a crankcase or a crosshead frame) shall be equipped with vertical
jackscrews.

9.5.1.4 The feet of the drive equipment shall be equipped with vertical jackscrews.

9.5.1.5 When the drive equipment mass exceeds 450 kg (1 000 lbs), the mounting plates shall be furnished with
horizontal jackscrews the same size as, or larger than, the vertical jackscrews. The lugs holding these jackscrews
shall be attached to the mounting plates so that they do not interfere with the installation or removal of the drive
equipment and shims.

9.5.1.6 Anchor bolts shall not be used to fasten equipment to mounting plates.

9.5.1.7 Base plates and skids shall not be drilled for equipment to be mounted by others. Base plates and skids
intended for installation on concrete shall be supplied with levelling screws. Mounting plates that are to be grouted
shall have 50 mm (2 ins) radiused outside corners (in the plan view).

9.5.1.8 Mounting plates shall extend at least 25 mm (1 inch) beyond the outer three sides of the equipment feet.
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9.5.1.9 The vendor of the mounting plates shall furnish stainless steel shim packs of at least 3 mm (1/8 inch) total
thickness between the drive equipment feet and the mounting plates. All shim packs shall straddle the hold-down
bolts.

9.5.1.10 Fasteners for attaching the components to the mounting plates and jackscrews for levelling the
soleplates shall be supplied by the vendor.

� 9.5.1.11 When specified, chock blocks shall be supplied by the vendor, (see annex L).

9.5.1.12 Unless otherwise agreed, anchor bolts shall be furnished by the purchaser. Anchor bolts supplied by
others shall require vendor’s review and approval.

9.5.1.13 The drive equipment feet shall be drilled with pilot holes that are accessible for use in final dowelling.

9.5.1.14 Mounting surfaces that are not to be grouted shall be coated with a rust preventive immediately after
machining.

� 9.5.1.15 When epoxy grout is specified, the vendor shall commercially blast-clean, in accordance with ISO 8501-1
Grade Sa 2, all the grouting surfaces of the mounting plates and shall precoat these surfaces with inorganic zinc
silicate primer.

� 9.5.1.16 When levelling plates are specified they shall be steel plates at least 19 mm thick (see annex L).

9.5.2 Base plates and skids

9.5.2.1 Base plates are fabricated steel structures designed to provide support, when specified, to the complete
compressor and/or the drive equipment and other ancillaries.

9.5.2.2 Skids are base plates that have sled type runners for ease of relocation.

� 9.5.2.3 When a base plate is specified, the data sheets shall indicate the major equipment to be mounted on it. A
base plate 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 base plates shall have machined and dowelled mating surfaces to
ensure accurate field reassembly.

NOTE A base plate may have to be fabricated in multiple sections because of shipping restrictions.

9.5.2.4 Base plates shall be of welded construction. Abutting beams shall be welded on both sides. Splicing
flanges of load bearing members is not acceptable. Contact between webs at perpendicular joints shall be a
minimum of one-third of the depth of the smallest member.

9.5.2.5 The compressor crankcase, crosshead frame, cylinder supports and drive equipment shall be supported
on load bearing structural members.

9.5.2.6 Holes shall be provided for anchor bolts on internal and external load bearing structural members to
ensure that forces and moments are properly transmitted to the foundation.

9.5.2.7 Base plates shall be designed and built to adequately support the weight of the compressor, driver and
accessories and to avoid resonance with any possible excitation frequency. The base plate shall be able to transmit
all forces and moments generated by the compressor and driver to the foundation.

9.5.2.8 The base plate shall be provided with lifting lugs for at least a four-point lift. Lifting the base plate complete
with all equipment mounted shall not permanently distort or otherwise damage the base plate or the machinery
mounted on it.

� 9.5.2.9 When specified, the base plate shall be suitable for column mounting (i.e., of sufficient rigidity to be
supported at specified points) without continuous grouting under structural members. The base plate design shall
be agreed by the purchaser and the vendor.
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9.5.2.10 The bottom of the base plate between structural members shall be open. When the base plate is installed
on a concrete foundation, accessibility shall be provided for grouting under all load-carrying structural members.
The members shall be shaped to lock positively into the grout.

9.5.2.11 The mounting pads on the bottom of each base plate shall be in one plane to permit use of a single-level
foundation.

� 9.5.2.12 When specified, nonskid decking covering all walk and work areas shall be provided on the top of the
base plate.

9.5.2.13 Supports, braces and auxiliary equipment shall be mounted on load bearing structural members.

9.5.2.14 Driver and compressor base plate mounting pads shall be machined after the base plate is fabricated.
See 9.5.1.2.

9.5.3 Sole-plates and rails

9.5.3.1 Sole-plates are grouted plates installed under motors, bearing pedestals, gearboxes, turbine feet, cylinder
supports, crosshead pedestals and compressor frames (see annex L).

9.5.3.2 Rails are sole-plates extending the full length of each side of the equipment.

� 9.5.3.3 When sole-plates or rails are specified, they shall be provided by the vendor.

9.5.3.4 Sole-plates shall be steel plates thick enough to transmit the expected loads from the equipment feet to
the foundation and to facilitate grouting. In no case shall they be less than 25 mm (1 in) thick.

9.6 Intercoolers and aftercoolers

� 9.6.1 When specified, the vendor shall furnish an intercooler between each compressor stage. Such coolers shall
be water-cooled shell-and-tube type, air cooled type or other type specified by the purchaser and agreed by the
vendor.

� 9.6.2 The purchaser will specify whether aftercoolers shall be furnished by the vendor and if so, of which type.

� 9.6.3 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 data sheets. Intercoolers and aftercoolers shall be
furnished in accordance with the specified pressure vessel code. When TEMA Class R is specified, the heat
exchanger shall be in accordance with ISO 16812.

NOTE Caution should be exercised regarding the susceptibility of heat exchangers and their supporting structures to
pulsation-induced vibration.

9.6.4 Unless otherwise specified, the water side of shell-and-tube heat exchangers shall be designed in
accordance with 5.1.3.

9.6.5 Unless otherwise approved by the purchaser, shell-and-tube intercoolers and aftercoolers shall be
constructed and arranged to allow removal of tube bundles without dismantling piping or compressor components.

NOTE Intercooling and aftercooling of gases from reciprocating compressors present some unique phenomena to be
considered in the design of exchangers. Consideration should be given to whether the gas should be on the tube side or on the
shell side. Very small pressure pulsation levels multiplied by the larger areas of the pass separation plates can possibly produce
very high vibratory forces in the tube bundle. Consideration should also be given to the application of shell side rupture discs,
relief valves or similar devices.

9.6.6 Fixed-tube-sheet shell-and-tube exchangers shall have inspection openings into the shell. Rupture discs on
the shell side (to protect the shell in case of tube failures) shall be used only when specifically approved by the
purchaser.
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� 9.6.7 When air coolers are specified, these shall be in accordance with ISO 13706 and with the specified pressure
vessel code.

9.6.8 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-speed fans, variable-pitch
fans, bypass valves or any combination of these. Proposed control systems shall be approved by the purchaser.

NOTE Caution should be exercised in applying air-cooled heat exchangers because of their susceptibility to pulsation-
induced vibration in systems and structures. Mechanical natural frequencies should not be coincident with pulsation frequencies
in the heat exchanger systems.

9.6.9 Unless otherwise specified, double-pipe intercoolers and aftercoolers may be furnished. A finned double-
pipe design may be furnished only when specifically approved by the purchaser.

9.6.10 Intercoolers may be either machine mounted or separately mounted, subject to the approval of the
purchaser.

� 9.6.11 Materials of construction shall be those specified on the data sheets.

9.6.12 Unless otherwise specified and agreed, liquid separation and collection facilities shall be provided after
every intercooler and shall be in accordance with 9.6.12.1 to 9.6.12.4.

9.6.12.1 Agreement shall be reached on the type of liquid separation device and whether this is to be integral with
the intercooler or arranged in a separate vessel.

9.6.12.2 Where the separation and collection facilities are integral with the intercooler, a drain sump or boot into
which the separated liquid is directed shall be provided. Unless otherwise agreed the capacity of this sump or boot
shall be sufficient to contain the maximum expected liquid flow from any specified operating condition for not less
than 15 min.

9.6.12.3 Unless otherwise specified or agreed, an automatic drainage system shall be provided. For air or inert
gas service, this automatic drainage system may comprise a float-operated trap with a manual bypass. In all other
cases, the drainage system shall comprise a separate level control valve with a manual bypass, operated by a level
controller of an agreed type.

9.6.12.4 The drain sump or boot or lower part of the separate separation vessel shall be provided with a level
indicator and alarm and shut-down devices as specified on the data sheet and in accordance with 10.5. Where a
high level alarm and a high level shut-down are specified the capacity of the vessel or boot between the levels shall
be equivalent to the maximum expected liquid flow for not less than 5 min.

� 9.6.13 When specified, the vendor shall furnish the fabricated piping between the compressor stages and the
intercoolers and aftercoolers. Interstage piping shall conform to the requirements of 11.6.

9.7 Air intake filters

� For air compressors taking suction from the atmosphere, a dry-type air intake filter-silencer suitable for outdoor
mounting shall be provided by the vendor unless otherwise specified. The purchaser will state which special design
details, if any, are required.

The vendor shall bring to the purchaser’s attention any hazards that he believes could result from complying with
the purchaser’s specification. As a minimum, the following features should be considered in the design of the filter-
silencer:

a) micron particle rating;

b) in-service cleanability;

c) corrosion protection of filter and of internal surfaces of inlet piping;
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d) avoidance of internal threaded fasteners;

e) connections for measuring filter pressure differential.

9.8 Special tools

9.8.1 When special tools and fixtures are required to disassemble, assemble or maintain the unit, they shall be
included in the quotation and furnished as part of the initial supply of the machine, together with complete
instructions for their use. For multiple-unit installation, the requirements for quantities of special tools and fixtures
shall be agreed by the purchaser and the vendor. These or similar special tools shall be used during shop
assembly and post-test disassembly of the equipment.

� 9.8.2 Special tools for reciprocating compressors shall include:

� mandrel for fitting wear bands on non-segmental pistons;

� lifting and lowering device for removal and insertion of valve assemblies that weigh more than 15 kg;

� crosshead removal and installation tool;

� sleeve/cone to enable piston rod to be passed through completely assembled packing;

� hydraulic tensioning tools (when specified).

9.8.3 When special tools are provided, they shall be packaged in separate, rugged metal boxes and marked
“special tools for (tag/item number)”. Each tool shall be stamped or tagged to indicate its intended use.

9.8.4 All compressors shall be provided with suitable means of barring for maintenance. For compressors with a
rated power of 750 kW (1 000 hp) or greater a power-driven barring device shall be furnished. Power-driven barring
devices should also be considered for compressors with a peak bar-over torque requirement of 1 600 N�m
(1 200 ft lbs) or more. The vendor shall furnish a complete description of the barring device including such factors
as method of operation (e.g., manual engagement and automatic disengagement on start of compressor), lockout
signals required, location, guards and power required.

� 9.8.5 When specified, each compressor shall be fitted with a device which will allow the shaft to be locked in
position during maintenance. The device shall allow locking of the shaft in multiple positions, as necessary for
maintenance. The device shall be fitted with a limit switch.

NOTE The purchaser should interlock this limit switch with the driver.

10 Controls and instrumentation

10.1 General

� 10.1.1 Compressor control systems may be pneumatic, hydraulic, electrical or electronic and may be operated
either manually or automatically. The purchaser shall specify the control signal, the type of control system (manual,
automatic or programmable), the control range and the equipment to be furnished by the vendor. The purchaser
shall specify which process sensing lines handling inflammable, toxic, corrosive or high-temperature fluids require
transduced signals to the instrumentation. The purchaser shall also specify the source of the control signal and its
sensitivity and range. The vendor shall describe the complete control system (including alarms and shut-downs) in
this scope of supply by means of logic diagrams in accordance with IEC 848.

When the control system is supplied by others the vendor shall provide logic diagrams of the critical functions
associated with the compressor operation (starting, stopping, capacity control, shut-downs, etc.)

Examples of typical logic diagrams of critical functions are given in annex E.
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10.1.2 Unless otherwise specified, all controls and instrumentation shall be suitable for outdoor installation.

10.1.3 All controls and instrumentation shall be certified suitable for the area classification specified on the data
sheet and shall comply with the standards specified and with any local codes and regulations.

10.1.4 All controls and instrumentation shall be located and arranged for ease of visibility, access and
maintenance.

� 10.1.5 The vendor shall provide all auxiliary system instrumentation as specified in the data sheet.

10.1.6 All instrumentation furnished by the compressor manufacturer requires the purchaser’s review.
Freestanding panels are preferred. All instrumentation shall be securely supported to eliminate vibration and undue
force on instrument piping and to prevent damage during shipment, storage, operation and maintenance.

10.1.7 Some controls may be shipped loose for field installation in the purchaser’s piping as agreed between the
purchaser and the vendor. See 14.3.11 for shipment.

� 10.1.8 Unless otherwise specified, all instruments and controls, other than shut-down sensing devices, shall be
installed with sufficient valving to permit replacement while the system is in operation. When shut-off valves are
specified for shut-down sensing devices, the vendor shall provide a means of locking the valves in the open
position.

10.1.9 All tubing connections that must be dismantled for shipment shall have matched tags (initiation point,
intermediate sections and application point) attached by stainless steel wire.

10.2 Control systems

� 10.2.1 The unloading arrangement for start-up and shut-down shall be stated on the data sheets and shall be
agreed by the purchaser and the vendor. When specified, an automatic loading-delay interlock shall be provided to
prevent automatic loaded starting. When specified, automatic immediate unloading shall be supplied to permit re-
acceleration of the motor after a temporary electric power failure of an agreed maximum duration. The vendor and
the purchaser shall agree on the modes and duration of unloaded and partially loaded compressor operation. The
vendor shall be responsible for the loading/unloading sequence.

10.2.2 Capacity control for constant-speed units will normally be achieved by suction valve unloading, clearance
pockets, or bypass (internal-plug type or external) or a combination of these methods. Stepless reverse-flow
capacity control acting on suction valves requires purchaser’s approval. Control operation shall be either automatic
or manual as specified on the data sheet. Unless otherwise specified, five-step unloading shall provide nominal
capacities of 100 %, 75 %, 50 %, 25 % and 0 %; three-step unloading shall provide nominal capacities of 100 %,
50 % and 0 %, and two-step unloading shall provide capacities of 100 % and 0 %.

10.2.3 Capacity control on variable-speed units is usually accomplished by speed control, but this can be
supplemented by one or more of the control methods specified in 10.2.

NOTE Reciprocating compressors are usually specified for constant-speed operation (see 5.1.4).

10.2.4 For variable speed control the speed of the compressor shall vary linearly with the control signal and an
increase in signal shall increase speed. Unless otherwise specified, the full range of the purchaser’s signal shall
correspond to the required operating range of the compressor for all specified operating conditions.

10.2.5 Clearance pockets shall normally be of the fixed type (pocket either open or closed). The use of variable
volume clearance pockets requires purchaser’s approval. Each added clearance volume shall be included in the
data sheets to indicate the clearance it adds to the cylinder.

10.2.6 When a machine-mounted capacity control system is specified, the vendor shall provide a panel complete
with:
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a) a positive-detent-type master selector device (one for each service on multi-service compressors) to provide
the specified load steps and

b) indicators to show at which step the machine is operating.

10.3 Instrument and control panels

� 10.3.1 When specified, panels shall be provided and shall include all panel-mounted instruments for the
equipment to be supplied by the vendor. Such panels shall be designed and fabricated in accordance with the
purchaser’s description. The instruments on the panels shall be clearly visible to the operator from the driver control
point.

� 10.3.2 Unless otherwise specified panels shall be made of steel plate at least 3 mm (1/8 inch) thick, reinforced,
self-supporting and closed on the top and sides. When specified, the backs of panels shall be enclosed to minimize
electrical hazards, to protect equipment against tampering or to allow purging for safety or corrosion prevention. All
instruments shall be flush-mounted on the front of the panel and all fasteners shall be of corrosion-resistant
material.

� 10.3.3 Panels shall be completely assembled requiring only connection to the purchaser’s external piping and
wiring circuits. When more than one wiring point is required on a unit for control or instrumentation, the wiring to
each switch or instrument shall be provided from a single terminal box with terminal posts. The box shall be
mounted on the unit (or its base, if any).

Wiring within panels shall be installed in conduit or supported on cable trays. All wiring, not inside fully enclosed
panels, shall be in the form of armoured cable supported in cable trays or be run in a metal conduit as specified by
the purchaser.

All instruments, leads and posts on terminal strips and switches shall be provided with permanent non-corrosive
tags or labels for identification.

10.3.4 Interconnecting shop-fabricated piping, tubing and wiring for controls and instrumentation, when furnished
and installed by the vendor, shall be disassembled only as necessary for shipment.

10.4 Instrumentation

10.4.1 Tachometers

� A tachometer to indicate compressor speed shall be provided when specified. The type, range and indicator
provisions shall be stated by the purchaser. When a variable speed driver is to be used, the driver vendor shall
furnish the speed sensor and indicator(s).

10.4.2 Temperature measurement

� 10.4.2.1 Temperature indicators shall be furnished and mounted locally or on a panel, as specified.

10.4.2.2 Dial-type temperature gauges shall be heavy duty and corrosion resistant. They shall be at least 100 mm
(4 in) in diameter and bimetallic or liquid filled. Black printing on a white background is standard for gauges.

10.4.2.3 The temperature sensing elements shall be in the flowing fluid. This is particularly important for lines that
may run partially full.

10.4.2.4 Temperature sensing elements that are in contact with inflammable or toxic fluids or that are located in
pressurized or flooded lines shall be furnished with austenitic stainless steel separable-flange-type solid-bar
thermowells at least 19 mm (3/4 in) in diameter.

10.4.2.5 Heat transfer compound shall be used between thermowells and sensing elements.
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