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Special Notes

AP publications necessarily address problems of a general nature. With respect to particular circumstances, local,
sigte, and federal laws and regulations should be reviewed.

Neither APl nor any of APl's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of APl's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

AP publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

AP publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be uiilized. The formulation and pubiication of AP publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materiais in conformance with the marking requirements of an AP} standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable AP! standard.

Classified areas may vary depending on the location, conditicns, eguipment, and substances involved in any given
situation. Users of this Standard should consult with the appropriate authorities having jurisdiction.

Users of this Standard should not rely exclusively on the information contained in this document. Sound business, sci-
entific, engineering, and safety judgment should be used in employing the information contained herein.

APl is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly train and
equip their employees, and others exposed, conicerning health and safety risks and precautions, nor undertaking their
ohligations to comply with authorities having jurisdiction.

Information conceming safety and health risks and proper precautions with respect to pariicular materials and condi-
tions should be obtained from the employer, the manufacturer or supplier of that material, or the material safety data
sheet.

Ali rights reserved, No part of this work may be reproduced, translated, stored in & retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior writien permission from the publisher. Contact the
Publisher, APt Publishing Services, 1220 L Street, NW, Washingion, DC 20005.

Copyright © 2010 American Pefroieum Institute
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AP} Foreword

Nothing contained in any APl publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent,

Shall: As used in a standard, "shall" denotes a minimum reguirement in order to conform to the specification.

Should: As used in a standard, "should" denotes a recommendation or that which is advised but not required in order
to conform to the specification. :

This document was produced under AP! standardization procedures that ensure appropriate notHication and
participation in the developmental process and is designated as an AP| standard. Questions concerning the
interpretation of the content of this publication or comments and qguestions concerning the procedures under which
this publication was developed should be directed in writing 1o the Director of Standards, American Petroleum
Institute, 1220 L Street, NW, Washington, DC 20005. Requests for permission to reproduce or translate ali or any part
of the material pubfished herein should also be addressed to the director.

Generally, AP| standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
AP| Standards Department, telephone (202) 682-8000. A cafalog of API publications and materials is published
annually by API, 1220 L Street, NW, Washington, DC 20605,

Suggested revisions are invited and shouid be submitted to the Standards Department, AP|, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.
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Foreword

IS0 (the International Organization for Standardization} is a worldwide federation of national standards bodies
{ISC 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 commitiee. International organizations, govemmental and non-governmental,
in ligison with 1S0O, also take part in the work. [SC 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 |SOAEC Directives, Part 2.

The main task of technical commitfees is to prepare Infernational Standards. Draft International Siandards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at ieast 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of pateni rights.
ISC shall not be held responsible for identifying any or ali such patent rights.

ISO 13708 was prepared by Technical Committee ISO/TC 115, Pumps, Subcommittee SC 3, Instaflation and
special application, in collaboration with Technical Committee 1SO/TC 67, Materials, equipment and offshore
structures for petroleum, petrochemical and natural gas industries, SC 6, Processing equipment and systems.

This second edition cancels and replaces the first edition (ISC 13709:2003), which has been technically revised.
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Introduction

it is necessary that users of this [nlernational Standard be aware that further or differing reguirements can bhe
needed for individuat applications. This international Standard is not infended to inhibit a vendor from offering, or
the purchaser from accepting, alternative equipment or engineering solutions for the individual application. This
can be particularly appropriate where there is innovative or deveioping technology. Where an alternative is offered,
it is necessary that the vendor identify any variations from this international Standard and provide details.

A bullet {e) at the beginning of a clause or subciause indicates that either a decision is required or the purchaser
is required to provide further information. It is necessary that this information should be indicated on data sheets
or stated in the enquiry or purchase order (see examples in Annex N},

tn this International Standard, where practical, US Customary, or other, uniis are included in parentheses for
information.

Copyright American Petroteum Institute
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API Standard 610/iSO 13709

Centrifugal pumps for petroleum, petrochemical and natural gas
industries

1 S8cope

This International Standard specifies requirements for centrifugal pumps, including pumps running in reverse as
hydraulic power recovery furbines, for use in petroleum, petrochemical and gas industry process services.

This international Standard is applicable o overhung pumps, between-bearings pumps and vertically suspended
pumps (see Table 1). Ciause 9 provides reguirements applicable to specific types of pumps. Al other clauses of
this international Standard are applicable to all pump types. lllustrations are provided of the various specific pump
types and the designations assigned to each specific type.

Relevant industry operating experience suggests pumps produced to this International Standard are cost effective
when pumping liquids at conditions exceeding any one of the following:

-~ discharge pressure {gauge) 1 900 kPa (275 psi; 19,0 bar)
— suction pressure (gauge) 500 kPa (75 psi; 5,0 bar)

— pumping temperature 150 °C (300 °F}

- rotative speed 3 600 rfmin

— rated total head 120 m (400 ft)

— impeller diameter, overhung pumps 330 mm (13 in)

NOTE For sealless pumps, reference can be made to AP! Std 685. For heavy duty pump applications in induséries other
than petroleum, petrochemical and gas processing, reference can be made to ISC 9905,

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

I1SO 7-1, Pipe threads where pressure-tight joints are made on the threads — Part 1: Dimmensions, tolerances and
desighation

IS0 228-1, Pipe threads where pressure-tight joinis are not made on the threads — Part 1: Dimensions,
tolerances and designation

IS0 261, ISO general purpose metric screw threads — General plan
ISO 262, ISC general purpose metric screw threads — Selected sizes for screws, bolts and nuts
150 281.2007, Rolling bearings — Dynamic ioad rafings and rating life

ISO 286 (all parts), /SO systemn of limifs and fits

Capyright American Petroleurm instituie
Provided by 13 under flicense Wit AP} . Bolr 1L TERODIN MIDDLE BAST UMITED, WAD9T520
No raproduction or newworking perrritted withoul license from IHS Nel for Ressie. 20117501 14:43:43 GMT



2 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

I1IS0C 724, IS0 general-purpose mefric screw threads — Basic dimensions
I1SO 965 (all parts), /SO general-purpose metric screw threads — Tolerances

180 1940-1, Mechanical vibration — Balance quality requirements for rotors in a constant {rigid) state — Part 1:
Specification and verification of balance tolerances

IS0 3117, Tangential keys and keyways

ISQ 4200, Plain end steel fubes, welded and seamiess — General tables of dimensions and masses per unit
length

ISC 5753, Rolling bearings — Radial internal clearance
SO 7005-1, Mefallic flanges — Part 1: Steef flanges for industrial and general service piping systems
18O 7005-2, Metallic flanges — Part 2: Cast iron flanges

ISO 8501 (all parts), Preparation of steel substrates before application of paints and related products — Visual
assessment of surface cleaniiness

IS0 9606 (all parts), Approval testing of welders — Fusion welding!)

1SO 9908, Rotodynarnic purnps — Hydraulic performance acceptance fests?)

1SO 10438:2007 (all parts), Pefroleum, petrochemical and natural gas industries — Lubrication, shaft-sealing and
control-oil systems and-auxiliaries

SO 10441, Petrofeum, petrochemical and natural gas industries — Flexible couplings for mechanical power
transmission ~- Special-purpose applications

ISO 10721-2, Steef structures -~ Part 2: Fabrication and erection
SO 11342, Mechanical vibration — Methods and criferia for the mechanical balancing of flexible rotors

ISO 14120, Safety of machinery — Guards — General requirements for the design and construction of fixed and
movable guards

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

1SC 15156-1, Petroleunt and natural gas indusiries — Materials for use in H,S-containing environments in oil and
gas production — Part 1: General principles for selection of cracking-resistant materials

ISO 15609 (all parts), Specification and qualification of welding procedures for metallic materials — Welding
procedure specification

IS0 15648, Petroleum and natural gas industries — Piping
ISOMMTR 17766, Centrifugal pumps handiing viscous liguids - Performance corrections
SO 21049:2004, Pumps — Shaft sealing systems for centrifugal and rotary pumps

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

-~ % --Some parts of ISO 9608 are under revision and some revised parts have been published with Qualffication test of welders
as the main title.

2) To be published. {Revision of ISO 9906:1088} =~
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AP 8TAaNDARD 610150 13709 3

IEC 60034-2-1, Rotating electrical machines — Part 2-1: Standard methods for determining losses and efficiency
from tests (excluding machines for traction vehicles)

|EC 60079 (all paris), Electrical apparatus for explosive gas atmospheres®

EN 953, Safely of machinery — Guards — General requirements for the design and construction of fixed and
movable guards

EN 13445 (all parts), Unfired pressure vessels

EN 13463-1, Non-elecirical equipment for use in potentially explosive atmospheres — Part 1. Basic method and
requirements

ANSIABMA 7, Shaft and Housing Fits for Melric Radial Ball and Roller Bearings (Except Tapered Roller
Bearings) Conforming to Basic Boundary Plan 4!

ANSI/AGMA 9000, Flexible Couplings — Potential Unbalance Classification®

ANSUAGMA 8002, Bores and Keyways for Flexible Coupiings (Inch Series)

ANSYAMT B15.1, Safety Standard for Mechanical Power Transmission Apparatus®

ANSIAP| Std 541, Form-Wound Squirrei-Cage Induction Motors — 500 Horsepower and Larger

ANSUAPI Std 811, General-Purpose Steam Turbines for Petroleum, Chemical, and Gas Industry Services
ANSHAP! Std 870, Machinery Protection Systems

ANSI/API Std 671/1S0 10441, Special Purpose Couplings for Petroleum, Chemical and Gas Industry Services
ANSI/ASME B1.1, Unified Inch Screw Threads, UN and UNR Thread Form”)

ANSI/ASME B16.1, Gray lron Pipe Flanges and Flanged Fittings: Classes 25, 126 and 250

ANSI/ASME B18.5, Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch Standard
ANSIASME B16.11, Forged Stee! Fittings, Socket-Welding and Threaded

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

ANSHASME B16.47, Larger Diameter Steel Flanges: NPS 26 Through NPS 60

ANSI/ASME B18.18.2M, Inspection and Quality Assurance for High-Volume Machine Assembly Fasteners
ANSI/ASME B31.3, Process Piping

ANSYHHI 1.8, Centrifugal Tests®

ANSHH 2.8, American National Standard for Vertical Pump Tests

3) Many parts of this standard have Explosive atmospheres as the main title,

4} American Bearing Manufacturers Association, 2025 M Street, NW, Suite 800, Washington, DC 20036, USA.
5) American Gear Manufacturers Association, 1500 King Street, Suite 201, Alexandria, VA 22314, USA.

6} American National Standards Institute, 1819 L Street, Suite 600, Washingion, D.C. 20036, USA,

7) American Society of Mechanical Engineers, Three Park Avenue, New York, NY 10016-5950, USA.

8} Hydraulic Institute, 9 Sylvan Way, Parsippany, NJ 07054, USA.
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4 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

AP) Std 547, General-Purpose Form-Wound Squirre! Cage Induction Motors — 250 Horsepower and Larger
AP! Std 677, General-Purpose Gear Units for Petroleum, Chernical and Gas Industry Services

ASME, Boiler and pressure vessel code BPVC, Section V, Nondestructive Examination

ASME, Boiler and pressure vessel code BPVC, Section VIll, Rules for Construction of Pressure Vessels

ASME, Boiler and pressure vessel code BPVC, Section IX, Welding and Brazing Qualifications

DiN 910, Heavy-duty hexagon head screw plugs®

IEEE 841, [EEE Standard for Pefrofeum and Chemical Industry — Severe Duty Totally Enclosed Fan-Cooled
(TEFC} Squirrel Cage Induction Motors — Up to and including 500 hp'®

MSS SP-55, Quality Standard for Steel Casfings for Valves, Flanges and Filtings and Other Piping
Components — Visual Method for Evalualion of Surface frregularities? )

NACE MR0103, Materials Resistant to Sulfide Stress Cracking in Corrosive Petroleum Refining Environments?)
NFPA 70:2008, National Electrical Code®)

SSPC SP 8, Commercial Blast Cleaning)

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

31
axially split
split with the principal joint parallel to the shaft centreiine

3.2

allowable operating region

portion of & pump's hydraulic coverage over which the pump is allowed fo operate, based on vibration within the
upper limit of this International Standard or temperature rise or other limitation, specified by the manufacturer

3.3
barrel pump
horizontal pump of the double-casing type

34

barrier fluid

externally supplied fluid, at a pressure above the pump seal chamber pressure, introduced into an Arrangement 3
seal {pressurized dual mechanical seal) to completely isolate the pump process liquid from the environment

9) l;f)eutsches Institut fir Normung, Burggrafenstrasse 6, Berlin, Germany D-10787.
10} Institute of Electricat & Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08855-1331, USA,

11) Manufacturers Standardization Society of The Valve and Fittings Industry Inc., 127 Park Street N.E., Vienna,
VA 22180-4602, USA.

12) National Association of Corrosion Engineers, Houston, Texas, USA.

13) National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02169-7471, USA.

14) Society for Protective Coatings, 40 24th Street, 6th Floor, Pitisburgh, PA 15222-4643, USA,
Gopyright Americen Patroleunt institute

Brovided by 148 under license with AP Sold 1o TEAGHIN MMDDLE EAST LIMTED, W1087520
No reproduction or netwarking permitted without license from (HS Not for Resale 2011/5M1 144243 GMT



API STANDARD 610480 13708 5

3.5

best efficiency point

BEP

flowrate at which a pump achieves its highest efficiency at rated impeller diameter

NOTE The best efficiency point flowrate at maximum impeiler diameter is used to determine pump specific speed and
suction specific speed. The best efficiency point fiowrate at reduced impeller diameters is similarly reduced from the value at
maximum impelier diameter.

3.6

buffer fiuid

externally supplied fluid, at a pressure lower than the pump seal chamber pressure, used as a lubricant and/or to
provide a diluent in an Arrangement 2 seal {unpressurized dual mechanical seal)

37
cartridge-type element
assembly of ail the parts of the pump except for the casing

3.8
classically stiff
characterized by the first dry critical speed being above the pump’s maximum cortinuous spead by the following:

20 % for rotors designed for wet running only
30 % for rotors designed {o be able to run dry

3.9
critical speed
shaft rotational speed at which the rotor-bearing-support system is in a state of resonance

3.10
datum elevation
elevation to which values of NPSH are referred (see 6.1.8)

cf. net positive suction head (3.33)

311
design
manufacturer's calculated parameter

NOTE “Design” is a term that may be used by the eguipment manufacturer fo describe various parameters, such as
design power, design pressure, design femperature, or design speed. This ferm should be used only by the equipment
manufacturer and not in the purchaser's specifications.

3.12
double casing
type of pump construction in which the pressure casing is separate from the pumping elements contained in the

casing

NOTE Exampies of pumping elements include diffuser, diaphragms, bowls and volute inner casings.

3.13
drive-train component
item of the equipment used in series to drive the pump

EXAMPLES Maotor, gear, turbine, engine, fluid drive, clutch.

3.14

dry critical speed : : .
rotor critical speed caiculated assuming that there are no liguid effects, that the rotor is supported only at is
bearings and that the bearings are of infinite stiffness
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6 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

3.15

element

bundie

assembly of the rotor plus the internal stationary parts of a centrifugal pump

316

hydraulic power recovery turbine

HPRT

turbomachine designed {o recover power from a fluid stream

317
hydrodynamic bearing
bearing that uses the principles of hydrodynamic lubrication

3.18

identical pump

pump of the same size, hydrauiic design, number of stages, rotational speed, clearances, type of shaft seal (axial
face or hreakdown bushing), type of bearings, coupling mass, coupling overhang, and pumping the same lguid

3.19
maximum allowable speed
highest speed at which the manufacturer's design permits continuous operation

3.20
maximum aliowable temperature
maximum continuous temperature for which the manofacturer has designed the pump (or any part to which the

term is referred) when pumping the specified liquid at the specified maximum operating pressure (does not
inciude mechanical seal)

cf. pressure casing (3.43)

3.21

maximum allowable working pressure

MAWP

maximum continuous pressure for which the manufacturer has designed the pump (or any part to which the term
is referred} when pumping the specified liquid at the specified maximum operating temperature (does not include
mechanical seal)

3.22

maximum discharge pressure

maximum specified suction pressure plus the maximum differential pressure the pump with the furmnished impelier
is able fo develop when operating at rated speed with liguid of the specified normal relative density (specific
gravity)

3.23
maximum dynamic sealing pressure

highest pressure expecied at the seais during any specified operating condition and during start-up and shut-
down

NQTE Both dynamic and stafic sealing pressures are important to selection of the mechanical seal. They are dependent
on the pump suction pressure, operating point and pump clearances. They are also affected by the pressure of the seal flush.
This pressure is specified fo the seal vendor. See 1SO 21048 or ANSIAPI Sid 682/1SO 21049,

3.24
maximum operating temperature
highest temperature of the pumped liguid, inciuding upset conditions, to which the pump is exposed

NOTE This temparature is specified 1o thé seal vendor. See 1ISO 21049 or ANSI/AP| Std 682/1S0 21049,
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3.25
maximum static sealing pressure

highest pressure, excluding pressures encountered during hydrostatic testing, to which the seals can be subjected
while the pump is shut down

3.26
maximum suction pressure

highest suction pressure fo which the pump is subjected during operation (non-transient; does not include
waterhammer)

3.27
minimum allowable speed
lowest speed at which the manufacturer's design permits continuous operation

NOTE The speed is expressed in units of revolutions per minute,

3.28
minimum continuous stable flow

fowest flow at which the pump can operate without exceeding the vibration limits imposed by this International
Standard

3.29
minimum continuous thermal fiow

towest flow at which the pump can operate without its operation being impaired by the temperature rise of the
pumped liquid :

3.30

minimum design metal temperature ;
lowest mean metal temperature (through the thickness) expected in service, including operation upsets,
auto-refrigeration and temperature of the surrounding environment, for which the equipment is designed '

3.31
muitistage pump
pump with three or more stages

See d.2.

3.32
nominal pipe size
NPS

designation, usually followed by a size designation number, corresponding approximately to the outside diameter
of the pipe

NOTE The NPS is expressed in inches.

3.33

NPSH

net positive suction head

absolute inlef total head above the head equivalent to the vapour pressure referred to the NPSH datum plane

NQOTE NPSH is expressed in meires (feet) of head of the pumped liguid.

3.34

net positive suction head available

NPSHA

NPSH determined by the purchaser for the pumping system with the liquid at the rated flow and normal pumping
temperature
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8 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

3.35

net positive suction head required

NPSH3

NPSH that results in a 3 % loss of head {first-siage head in a muitistage pump) determined by the vendor by
testing with water

3.36
normal operating point
paoint at which the pump is expected to operaie under normai process conditions

3.37
normal-wear part
part normally restored or replaced at each pump overhaul

EXAMPLES Wear rings, inter-stage bushings, balancing device, throat bushing, seal faces, bearings and gaskets.

3.38

observed inspection

observed test

inspection or test where the purchaser is notified of the timing of the inspection or test and the inspection or test is
performed as scheduled, regardiess of whether the purchaser or his representative is present

3.39

oif-mist lubrication

iubrication provided by olf mist produced by atomization and transported to the bearing housing, or housings, by
compressed air

3.40°
operating region
portion of a pump’s hydraulic coverage over which the pump operates

3.41°
overhung pump
pump whose impeller is supported by a cantiiever shaft from its bearing assembly

3.42

preferred operating region

portion of a pump's hydraulic coverage over which the pump's vibration is within the base limit of this Internationa
Standard .

3.43

pressure casing

composite of all stationary pressure-containing parts of the pump, including all nozzles, seal glands, seal
chambers and auxiliary connections but excluding the stationary and rofating members of mechanical seals

NOTE The atmospheric side of the seai gland, the seal flush (piping) plan, auxiliary piping and vaives are not part of the
pressure casing.

3.44
purchaser
owner, or owner's agent, who issues the order and specification o the vendor

3.45
pure oil-mist lubrication

{dry sump) system in which the mist both lubricates the bearing(s) and purges the housing and there is no ofl level
in the sump

3.46
purge oii-mist lubrication
{wet sump) systems in which the mist only purges the bearing housing
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AP STANDARD §10/150 13709 9

3.47
radially split
split with the principal joint perpendicular to the shaft centreline

3.48

rated operating point

point at which the vendor certifies that pump performance is within the tolerances stated in this International
Standard

NOTE Normaliy, the rated operating point is the specified operating point with the highest flow.

3.49

relative density

specific gravity

property of & liquid expressed as the ratio of the liquid's density to that of water at standard temperature

NOTE Standard temperature is 4 °C (39,2 °F).

3.50
rotor
assembly of all the rofating parts of a centrifugal pump

3.51

similar pump

pump that is accepted, by agreement between purchaser and manufacturer as sufficiently similar to not require a
lateral analysis, taking intc account the factors fisted for an identical pumgp (3.18)

3.52
specific speed
index relating flow, total head and rotational speed for pumps of similar geometry

3.53
stage
one impeller and associated diffuser or voiute and retum channel, if required

3.54
suction-specific speed
index relating flow, NPSH3 and rotative speed for pumps of similar geometry

3.55

throat bushing

device that forms a restrictive close clearance around the sleeve (or shaft) between the seal or inner seal of a
dual seal cariridge and the impelier

3.56

fotal indicator reading

total indicated runout

TIR

difference between the maximum and minimum readings of a dial indicator or similar device, monitoring a face or
cylindrical surface, during one complete revolution of the monitored surface

NOTE For a perfecty cylindrical surface, the indicator reading impiies an eccentricity equal to half the reading. For a
perfectly flat face the indicator reading gives an out-of-squareness equal to the reading. If the diameter in question is not
perfectly cylindrical or flat, interpratation of the meaning of TiR is more complex and can represent ovality or fobing.

3.57
irip speed
(electric motor driver) electric motor driver-synchronous speed at maximum supply frequency
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10 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

3.58

irip speed

{variabie-speed driver) variable-speed driver-speed at which the independent emergency over-speed device
cperates to shui down the driver

3.59

unit responsibility

responsibility for coordinating the documentation, delivery and technical aspects of the equipment and all auxiliary
systems included in the scope of the order

NOTE The technical aspects for consideration include, but are not limited to, such factors as the power requirements,
speed, rotation, general arrangement, couplings, dynamics, ubrication, segaling system, materia! test reports, instrumentation,
piping, conformance to specifications and testing of components,

3.60

vendor

supplier

manufacturer or manufacturer's agent that supplies the equipment and is normally responsible for service support

3.61

vertical in-line pump

vertical-axis, single-stage overhung pump whose suction and discharge connections have a common centreline
that intersects the shaft axis

NOTE Tynes V56 and V57 are not censidered in-line pumps.

3.62
vertically suspended pump
verticab-axis pump whose liguid end is suspended from a column and mounfing plate

NOTE The pump's liquid end is usually submerged in the pumped liguid.

3.63

wetl critical speed

rotor critical speed calculated considering the additional support and damping produced by the action of the
pumped liquid within internal running clearances at the operating conditions and allowing for stiffness and
damping within the bearings

3.64

withessed fest

witnessed inspection

inspection or test for which the purchaser is noiified of the timing of the inspection or test and a hold is placed on
the inspection or test until the purchaser or his representative is in attendance

4 General
4.1 Unit responsibility

Unless otherwise specified, the pump vendor shall have unit responsibility. The pump vendor shall ensure that all
sub-vendors comply with the requirements of this International Standard and all reference documents.

4,2 Classification and designation
4.2.1 Description of codes

The pumps described in this International Standard are classified and designated by iype codes, as shown in
Tabie 1.
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Table 1 — Pump ciassification type identification

Pump type? Orientation Izzg
Foot-mounted OH1
Harizontal T
) Cenireline OH2
Flexibly coupied supported
o] R . . .
& Vertical in-line with
£ bearing bracket - OH3
1]
5 Rigidiy coupled Veriical in-line — OH4
Vergical in-line — OH5
Ciose-coupled i i
High-speed integrally _ OHE
- geared
g @ Axially split - BB1
2 £ 1- and 2-stage - -
= § Radially splif — BB2
_fg” g Axially split - BB3
£ g Multistage Single casin BB4
3 E ¢ Radially split 9 g
a3 Double casing BB5
Diffuser VS1
- .
3 Discharge through Volute V82
2 column
3 Single casing Axial flow VS3
o
] Line shaft VsS4
= Separate discharge -
q Cantilever V&5
& Diffuser — VS8
= Double casing
Volute — V87

8 lilustrations of the various types of pump are provided in 4,2.2.
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12 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

4.2.2 Pump designations and descriptions
4.2.21  Pump type OH1

Foot-mounted, single-stage overhung pumps shall be designated pump type OH1. (This type does not meet all
the requirements of this international Standard, see Table 3.)

[@jﬂ

Figure 1 — Pump type OH1

4,222 Pump type OH2
Centreline-mounted, single-stage overhung pumps shall be designated pump type OH2. They have a single

bearing housing to absorh all forces imposed upon the pump shaft and maintain rotor position during operation.
The pumps are mounted on a baseplate and are fiexibly coupled to their drivers,

=

Figure 2 — Pump type OH2

4223 Pump type OH3

Vertical, in-line, single-stage overhung pumps with separate bearing brackets shall be designated pump type OH3.
They have a bearing housing integrat with the pump to absorb all pump loads. The driver is usually mounted on a
support integral to the pump. The pumps and their drivers are flexibly coupled.

=
e Figure 3 -~ Pump type OH3
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4.2.24 Pump type OH4
Rigidly coupled, vertical, in-line, single-stage overhung pumps shall be designated pump type OH4. Rigidly

coupled pumps have their shaft rigidly coupled to the driver shaft. (This type does not meet all the reguirements of
this International Standard; see Table 3.)

Figure 4 — Pump type OH4

4.2.2.5 Pump type OH5

Close-coupled, vertical, in-line, single-stage overhung pumps shall be designated pump type OHS5. Close-coupled
. pumps have their impellers mounted directly on the driver shaft. (This type does not meet all the requirements of
this International Standard; see Table 3.)

Figure 5~ Pump type OH5
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14 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

4,226 Pump type OHE
High-speed, integral, gear-driven, singie-stage overhung pumps shall be designated pump type OHB. These
pumps have a speed-increasing gearbox integral with the pump. The impeller is meunted directly tc the gearbox

output shafl, There s no coupling between the gearbox and pump; however, the gearbox is flexibly coupled to its
driver. The pumps may be oriented vertically or horizontally.

Figure 6 — Pump type OHG

4.227 Pump type BB

Axially split, one- and two-stage, between-bearings pumps shall be designated pump type BB1.

]

Figure 7 - Pump type BB1
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4.2.2.8 Pumptype BB2

Radially split, one- and two-stage, between-bearings pumps shall be designated pump type BB2.

H %tm

o

Figure 8 — Pump type BB2

4.2.2.9 Pump type BB3

Axially spiit, multistage, between-bearings pumps shall be designated pump type BB3.

, iy

| o=

Figure 9 — Pump type BB3

4.2.2.10 Pump type BB4

Single-casing, radially spiit, multisiage, between-bearings pumps shall be designated pump type BB4. These
pumps are also called ring-section pumps, segmental-ring pumps or tie-rod pumps. These pumps have a potential

leakage path between each segment. (This type does not meet all the requirements of this International Standard;
see Table 3.)

EE

=

Figure 10 — Pump type BB4
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16 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

4.2211 Pump type BBS

Double-casing, radially split, multistage, between-bearings pumps (barrel pumps) shall be designated pump

type BBS,
T

=
=
l

Figure 11 — Pump type BB5

42242 Pump type VST

Wet pit, vertically suspended, single-casing diffuser pumps with discharge through the column shall be designated
pump type VS1.

Figure 12 - Pump type VS1

4.2.2.13 Pump type VS2

Wet pit, vertically sus#ended, single-casing volute pumps with discharge through the column shall be designated
pump type VS2,

Figure 13 — Pump type VS2
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4.2.2.14 Pump type V83

Wet pit, vertically suspended, single-casing axial-flow pumps with discharge through the coiumn shall be
desighated pump type V33,

Figure 14 — Pump type VS3

4.2.2.15 Pump type V54

Vertically suspended, single-casing, volute, line-shaft-driven sump pumps shall be designated pump type VS4.

4

==

Figure 15 — Pump type V84
4.2.216 Pump {ype VS5

Verticaily suspended, cantilever sump pumps shall be designated pump type VS5,

&l

Figure 16 — Pump type VS5
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18 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

4.2.217 Pump type VS6
Double-casing, diffuser, verticafly suspended pumps shall be designated pump type VS6.

.
{

au
i

(4000

Figure 17 — Pump type V86
4.2.2.18 Pump type V57

Doubie-casing, volute, vertically suspended pumps shall be designated pump type VS7.

[
5@
,J
Figure 18 — Pump type V37
5 Rgéquirements
51 Units
@ The purchaser shall specify whether data, drawings, and maintenance dimensions of pumps shall be in the Sl or

US Customary (USC) system of measurements. Use of an Si data sheet (see N.3.1) indicates the International
Standard System of measurements shalf be used. Use of a USC data sheet (see N.3.2) indicates the USC system

of measurements shail be used.

5.2 Statutory requirements

The purchaser and the vendor shall mutually defermine the measures necessary to comply with any
governmental codes, reguiations, ordinances, or rules that are applicable to the equipment, its packaging and

preservation.

5.3 Requiremenis

5.3.1 In case of conflict between this International Standard and the inquiry, the inquiry shall govern. At the time
of the order, the order shall govern.
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5.3.2 Where reguirements specific to a particular pump type in Clause 9 conflict with any other clauses, the
requirements of Clause 9 shall govern.

6 Basic design

6.1 General

6.1.1 The equipment (including auxiliaries) covered by this International Standard shall be designed and
constructed for a minimum service life of 20 years (excluding normal-wear parts as identified in Table 20) and at
teast 3 years of uninterrupted operation. Shutting down the equipment to perform vendar-specified maintenance
or inspection does not meet the continuous uninterrupted operation requirement. it is recognized that these
requirements are design criteria and that service or duty severity, mis-operation or improper mainienance can
result in a machine failing to meet these criteria.

& 6.1.2 The purchaser shall specify the operating conditions, the liquid properties, site conditions and utility
conditions, including all data shown on the process data sheet (Annex N). The purchaser shall specify whether
the pump is intended for use as an HPRT and whether Annex C shali apply.

6.1.3 The equipment shall be capable of operation at the normal and rated operating points and any other
anticipated operating conditions specified by the purchaser.

6.1.4 Pumps shall be capable of at least 2 5 % head increase at rated conditions by replacement of the
impetler(s) with one(s) of larger diameter or different hydraulic design, variable-speed capability or use of a blank
stage.

This requirement is intended to prevent a change in selection caused by refinement of hydraulic requirements
after the pump has been purchased. It is not intended to accommodaie future expandability. If there is a future
operating requirement, it should be specified separately and considered in selection.

6.1.5 Pumps shall be capable of operating at least up to the maximum continuous speed. The maximum
continuous speed shall be

a) equal to the speed corresponding to the synchronous speed at maximum supply frequency for electrical
motors;

b) atieast 105 % of rated speed for variable-speed pumps, and any fixed-speed pump sparing or spared by a
pump whose driver is capable of exceeding rated speed.

6.1.6 Variable-speed pumps shall be designed for excursians to trip speed without dafnage.

6.1.7 The conditions in the seal chamber required to maintain a stable film at the seal faces, including
temperaiure, pressure and flow, as well as provisions for assuring the adequacy of the design for sealing against
atmospheric pressure when pumps are idie in vacuum service, shall be agreed upon by the pump vendor and the
seal manufaciurer, approved by the purchaser, and noted on the data sheet.

Provision for sealing against atmospheric pressure in vacuum setvice is especially imporiant when handiing
liquids near their vapour pressure (such as liquefied petroleum gases). During operation, the seal chamber
pressure shall be at least a gauge pressure of 35 kPa (0,35 bar; 5 psi); see 180 21048,

6.1.8 The vendor shall specify on the data sheets the NPSH3 based on water [at a temperature of less than
55 °C (130 °F)] at the rated flow and rated speed. A reduction or correction factor for liguids other than water
{such as hydrocarbons} shall not be applied.

The purchaser should consider an appropriate NPSH margin in addition to the NPSH3 specified. An NPSH
margin is the NPSH that exists in excess of the pump's NPSH3. 1§ is usually desirable to have an operating NPSH
margin that is sufficient at all flows (from minimum continuous stable flow to maximum expecied operating fiow) to
protect the pump from damage caused by flow recirculation, separation and cavitaticn. The vendor should be
consulted about recommended NPSH margins for the specific pump type and intended service.
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20 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

In establishing the NPSHA, the purchaser and the vendor sholld recognize the relationship between minimum
continuous stable flow and the pump's suction-specific speed. In general, minimum continuous stabie flow
increases as suction-specific speed increases. Mowever, other factors, such as the pump's energy level and
hydrautic design, the pumped liquid and the NPSH margin, atso affect the pump's abiiity to operate satisfactorily
over a wide flow range. Pump design that addresses low-flow operation is an evolving technoiogy, and selection
of suction-specific speed levels and NPSH margins should take into account current industry and vendor
experience.

Unless otherwise specified, the datum elevation shall be the shaft centreline for horizontal pumps, the suction-
nozzie centreline for vertical in-line pumps, and the top of the foundation for vertically suspended pumps.

® 6.1.9 The pump suction-specific speed shall be calculated ih accordance with Annex A and, if specified, limited
as stated on the data sheet.

6.1.10 Pumps that handle liguids more viscous than water shall have their water performance corrected in
accordance with |SO/TR 17768. Correction factors used for viscous liquid shall be submitted with both sales
proposal curves and final test curves.

NCTE For the pursose of this provision, ANSI/H! 9.6.7 is equivalent o ISC/TR 17766.

#® 6.1.11 Pumps that have stable headfflowrate curves {continuous head rise fo shutoff) are preferred for all
applications and are required if parallel operation is specified. if parallel operation is specified, the head rise from
rated point to shutoff shall be at least 10 %. if a discharge otifice is used as a means of providing a2 continuous
rise to shutoff, this use shail be stated in the proposal.

6.1.12 Pumps shall have a preferred operating region of 70 % to 120 % of best efficiency flowrate of the pump
as furnished. Rated flow shall be within the region of 80 % to 110 % of best efficiency fiowrate of the pump as
furnished.

Setting limits for the preferred operating region and the location of rated flow is not intended to lead fo the
development of additiona! sizes of small pumps or preciude the use of high-specific-speed pumps. Small pumps
that are known to operate satisfactorily at flows outside the specified limits and high-specific-speed pumps that
may have a narrower preferred operating region than specified should be offered, where approptiate, and their
preferred operating region clearly shown on the proposal curve. The pump specific speed shall be calculated in
accordance with Annex A.

NOTE “Best efficiency flowrate of the pump as fumished” refers fo the pump with the impeller diameter properly selected
to meet head-flowrate performance requiremenis as stated on the data sheet.

it is recognized that very low-specific-speed pumps might not be able to reach flowrates beyond 1056 % to 110 %
of BEP. In such cases, the expected flow limitations shall be indicated on the proposal curves (see 10.2.4).

6.1.13 The best efficiency point flowrate for the pump as furnished should preferably be between the rated point
and the normal point.

& 6.1.14 [If specified, the vendor shall provide both maximum sound pressure and sound power level data per
octave band for the equipment. Control of the scund pressure level (SPL) of all equipment furnished shall be a
joint effort of the purchaser and the vendor who has unit responsibility. The equipment furnished by the vendor
shall conform to the maximum aliowable sound pressure level specified. 1SC 3740071, 1SO 37448 and 1SO 3746091
may be consulted for guidance.

6.1.15 Pumps with heads greater than 200 m (850 ) per stage and with more than 225 kW (300 hp) per stage
shall be deemed high-energy pumps and can require special provisions o reduce vane passing-frequency
vibration and low-frequency vibration at reduced flowrates. For these pumps, the radial clearance between the
diffuser vane or volute tongue (cutwater) and the periphery of the impelier blade shall be at least 3 % of the
maximurn impeiler blade-iip radius for diffuser designs and at ieast 8 % of the maximum biade-tip radius for volute
designs. The maximum impeller blade-tip radius is the radius of the largest impeiler that can be used within the
pump casing (see 6.1.4). The clearance, P, expressed as a percentage, is calculated as given in Equation (1)
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Pﬁ’t(}o Rz —R1 J’R1 (1)
where

R, 1% the radius of volute or diffuser inlet tip;
R, is the maximum impeller blade tip radius.

it is common practice for the impellers of pumps covered by this clause to be modified after initial test to cormrect
hydraulic performance by underfiling, overfiling or “V'-cutting; see 8.3.3.7 ¢). Any such modifications shall be
documenied in accordance with 10.3.4.1.

6.1.16 Pumps operating above 3 600 r/min and absorbing more than 300 kW (400 hp) per stage can require
even targer clearances and other special construction features. For these pumps, specific requirements should be
agreed upon by the purchaser and the vendor, considering actual operating experience with the specific pump
types.

@ 6.1.17 The need for cooling shall be determined by the vendor, and the method shall be agreed upon by the
purchaser. Fan cooling should be the first choice. If fan cooling is inadequate, one of the plans in Annex B shall
be selected. The cooling system shall be suitable for operation with the coolant type, pressure and temperature
specified by the purchaser. The vendor shall specify the required flow. To avoid condensation, the minimum
temperature at the cooling-water iniet to bearing housings should be above the ambient air temperature,

6.1.18 Jackets, if provided, shall have clean-out connections arranged so that the entire passageway can be
mechanically cleaned, flushed and drained.

5.1.19 Jacket systems, if provided, shall be designed to prevent the process stream from leaking into the jacket.
Jacket passages shall not open into casing joints.

6.1.20 Unless otherwise speciied, water-cooling systems shall be designed for the conditions on the water side
as given in Table 2.
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Tabie 2 - Water-cooling systems — Conditions on the water side

Parameter Si units USC and other units

Velocity over heat exchange surfaces 15misto25mfis 5 ft/s to 8 ft/s
E’Iaximum‘a!!owable working pressure (MAWP), gauge shall 700 kPa 100 psi: 7 bar

e as a minimum
Test pressura (> 1,5 MAWP}, gauge 1050 kPa 150 psi; 10,5 bar
Maximum pressure drop 100 kPa 15 psi, 1 bar
Maximum inlet temperature 30°C 90 °F
Maximum cutlet temperature 50 °C 120 °F
Maximum temperature rise 20K 3¢ °F
Fouling factor on water side 0,35 m2 K/IkW 0,002 h-f2-°R/Btu
Sheli corrosion allowance (not for tubes) 3,0 mm 0,125 in

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

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

& 6.1.22 Motors, electrical components and efectrical installations shall be suitable for the area classification
{class, group, and division or zone) specified by the purchaser and shall meet the reguirements of the applicable
sections of IEC 60079 (all parts) or NFPA 70:2008, Articles 500, 501, 502, 504 and 505 as well as any local codes
specified and furnished on request by the purchaser.

6.1.23 Ol reservoirs and housings that enclose moving lubricated parts, such as bearings, shaff sealg, highiy
polished parts, instruments and control elements, shall be desighed to minimize contamination by moisture, dust
and 'other foreign matter during periods of operation and idieness.

8.1.24 Al equipment shall be designed to permit rapid and economical mainienance. Major parts, such as casing
components and bearing housings, shall be designed and manufactured fo ensure accurate alignment on
reassembly. This may be accomplished by the use of shouldering, dowels or keys.

6.1.25 Except for verticaily suspended pumps and integrally geared pumps, pumps shall be designed to permit
removal of the rotor or inner element without disconnecting the suction or discharge piping or moving the driver.

6.1.26 The pump and its driver shall perform on their test stands and on their permanent foundation within the
vibration acceptance criteria specified in 6.9.3. After instaliation, the performance of the combined units shall be
the joint responsibility of the purchaser and the vendor who has unit responsibility.

6.1.27 Spare and ali replacement parts for the pump and all furnished auxiliaries shall, as a minimum, meet all
the criteria of this international Standard.

6.1.28 Equipment, including ali auxiiaries, shall be designed for cutdoor instailation and the specified site
environmental conditions. The vendor shall advise of any equipment protection required for the jobsite location (i.e.
winterization for low ambient temperatures, or protection against unusual humidity, dusty or corrpsive conditions,
efc.).
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6.1.29 Boliing and threads

® 6.1.29.1 The details of threading shali conform to 1SC 261, 180 262, 180 724 and {50 965 (all parts), or to
ANSHASME B1.1. The vendor shall advise the type of bolting used on the pump.

6.1.29.2  When ANSIVASME B1.1 threads have been specified, the thread series shall be the variable-pitch

series UNC. The threads shall be Class 2 for bolting, studs and nuts. For other threads and nuts, they shalf be
Class 2 or 3.

6.1.29.3  When [SO 261 and IS0 262 have been specified, the thread series shall be coarse. Threads shall be
Class 6g for bolting and studs, and Ciass 6H for nuts.

6.1.30 Commercial fasteners shall be manufactured in  accordance with the requirements of

ANSVASME B18.18.2M or shall be procured from distributors having guality plans in accordance with
ANSI/ASME B18.18.2M.

6.1.31 Adequate clearance shall be provided at al bolting locations to permit the use of socket or box wrenches,

6.1.32 Unless otherwise specified or agreed, studs shall be supplied on all main casing joints, and alt other joints
and connections shall be supplied with externat hexagon-head bolting.

6.1.33 Fasteners (excluding washers and headless set-screws) shall have the material grade and manufacturer's
identification symbols applied to one end of studs 10 mm {3/8 in) in diameter and larger and to the heads of bolts :
8 mm (1/4 in) in diameter and larger. If the available area is inadequate, the grade symbol may be marked on one -

end and the manufacturer's identification symbol marked on the other end. Studs shall be marked on the exposed
end. :

NOTE A set-screw is 8 headless screw with a2 hexagonal socket in one end.
6.1.34 Pressure casing fasteners shall be not less than 12 mm (0,5 in) diameter.

6.2 Pump types

The pump types lisied in Table 3 have special design features and shall be furnished only if specified by the
purchaser and if the manufacturer has proven experience for the specific application. Table 3 lists the features

requiring special consideration for these pump types, and gives in parentheses the relevant subclause(s) of this
infernational Standard.
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Table 3 — Special design features of particular pump types

Pump type Features requiring special consideration
Horizontal foot-mounted overhung, OH1 a} Pressure rafing (6.3.5)
b) Casing support (6.3.11)
Rigidly coupled vertical in-line, OH4 a} Motor construction (7.1.7, 7.1.8)
b) Rotor stiffness (6.9.1.3)
¢) Product-lubricated guide bearing (6.10.1.1)
d) Shaft runout at seal (8.6.9, 6.8.5)
Ciose-coupled {impeller mounted on motor shaft), OH5 |a) Motor construction (7.1.7, 7.1.8)
b) Motor bearing and winding temperature at high pumping
temperatures
¢} Seal removal (6.8.2)
Two-stage overhung a) Rotor stiffness (6.8.1.3)
Double-guction overhung a) Rotor stifiness (6.9.1.3)
Ring-section casing (multistage), BB4 a) Pressure containment (6.3.3, 8.3.10)
b) Dismantling (8.1.25)
Buift-in mechanical seal (no separable seal gland) a) Seal removal (68.8.2)

6.3 Pressure casings

8.3.1 The maximum discharge pressure shall be the maximum suction pressure plus the maximum differential

pressure that the pump is able to develop when operating with the fumished impeller at the rated speed and

specified normal refative density (specific gravity).

NOTE The basis of determining maximum discharge pressure is an application issue,

® 6.3.2 Maximum discharge pressure shall be stated on the dala sheet. If specified, the maximum discharge
pressure shall be increased by the additional differential pressure developed during one or more of the foltowmg
operating circumstances:
a) maximum specified relative density at any specified operating condition;

b) instaliation of an impeller of the maximum diameter and/or number of stages that the pump can
accommodate;

c) operation io trip speed.
The purchaser should assess the likelihood of the occurrence of a), b} and/or ¢) before specifying any of them.
NOTE

Rare occurrences can be faken as excursions into the hydrotest margin.

The additional differential pressure developed at trip speed is normally a momentary excursion that is absorbed
by the hydrotest margin.
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6.3.3 The pressure casing shall be designed to

a) operate without leakage or internal contact between rotating and stationary components while subject
simultaneously to the MAWE (and maximum operating termperature) and the worst-case combination of twice
the allowable nozzle loads of Table 5 applied through each nozzle,

b} withstand the hydrostatic test (see 8.3.2).

NOTE The twice-nozzle-load requirement is a pressure-casing design criterion. Allowable nozzle loads for piping
designers are the values given in Table 5, which, in addition to pressure casing design, include other factors that affect
allowabie nozzle loads, such as casing support and baseplate stiffness.

6.3.4 The tensile stress used in the design of the pressure casing for any material shall not exceed 0,25 times
the minimum ultimate tensile strength or 0,67 times the minimum vield strength for that material, whichever is
iower, across the full range of specified operating temperatures. For castings, the design tensile stress valuss
shall be muttiplied by the appropriate casting factor, as shown in Table 4. The manufacturer, in his proposal, shall
state the scurce of the material properties from those listed in Table H.2 {i.e. ISC, ASTM, UNS, EN, JIS), as well
as the casting factors applied. National material standards other than those listed in Table H.2, may be used with
specific purchaser approval.

NOTE 1 In general, the criteria in 6.3.3 result in deflection {strain) being the determining consideration in the design of
pump casings with respect to pressure retention and nozzle loads. Ultimate tensile or yield strength is seldom the limiting
factor.

NOTEZ2  For bolting, the allowable tensile stress is used to determine the total bolting area based on hydrostatic load or
gasket preload. I is recognized that to provide the initial load required to obtain a reliable bolted joint, it is necessary that the
bolting be tightened to produce a tensiie stress higher than the design tensile stress. Values in the range of 0.7 to 0,9 times
yield are common.

Table 4 — Casting factors

Type of NDE Casting factor
Visual, magnetic pariicle and/or liquid penetrant 0,8
Spot radiography 0.9
Ultrasonic 0.8
Full radiography 1.0

6.3.5 Except as noted in 6.3.6, the MAWP shall be at least the maximum discharge pressure (see 6.3.1 and
6.3.2) plus 10 % of the maximum differential pressure, and shall not be less than

a} for axially split, one- and two-stage, between-bearings pumps and single-casing, veriically suspended pumps:
a pressure rating equal to that of an IS0 7005-2 PN20 cast iron or (SO 7005-1 PN20 sieel flange of a
material grade cotresponding to that of the pressure casing;

NOTE1 For the purpose of this provision, ANSI/ASME B16.1 Class 125 is equivalent to IS0 7005-2 PN20;
ANSIASME B16.5 Ciass 150 and EN 17581 Class 150 are equivalent to {80 7005-1 PN20.

b) for all other pumps: a gauge pressure rating equal fo at least 4 MPa {40 bar; 600 psi) at 38 °C (100 °F).

NOTE 2  This subclause provides minimum requirements consistent with designs existing at the time of publication of this
International Standard. For the next edition, all OH, BB1, and BB2 pumps with iSO 7005-1 PN50 flanges will be required to
have a casing MAWP equivalent to their flanges.

The pump-seal chamber and seal gland shall have a pressure-temperature rating at least equal to the maximum
allowable working pressiure and temperature of the pump casing to which it is attached, in_accordance with
1SO 21049:2004, 3.41.
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NOTE3  The 10 % differential pressure margin is infended to accommodate head increases {6.1.4), higher speed in
variabie-speed pumps (6.1.5) and head (testing) tolerance [see 8.3.3.3 b)].

NOTE 4  For the purposes of this provision, ANSHASME B16.5 Class 300 and EN 1758-1 Class 300 are equivalent to
IS0 7005-1 PN5O.

® 6.3.6 Unless otherwise specified, veriicaily suspended, double-casing, integrai gear-driven (type OHB) and
horizontal, multistage pumps may be designed for duat pressure ratings. If specified, suction regions shall be
designed for the same MAWRP as the discharge section. The purchaser should consider installation of relief valves
on the suction side of such installations.

6.3.7 The pressure casing shall be designed with a corrosion allowance to meet the requirements of 6.1.1.
Unless otherwise specified, the minimum corrosion allowance shall be 3 mm (0,12 in).

The vendor is encouraged fc propose alternative comrosion allowances for consideration if materials of
construction with superior corrosion resistance are empioyed and if they result in lower cost without affecting
safety and reliability.

6.3.8 The inner casing of double-casing pumps shall be designed to withstand the maximum differential
pressure or 350 kPa (3,5 bar; 50 psi), whichever is greater.

6.3.9 Unless otherwise specified, pumps with radially split casings are reguired in services for any of the
foliowing operating conditions:

a)  pumping temperature of 200 °C (400 °F) or higher (a lower temperature limit should be considered if thermal
shock is probable);

b) liguids with a relative density of iess than 0,7 at the specified pumping temperature;
c} liquids at a rated discharge gauge pressure above 10 MPa (100 bar; 1 450 psi}.

Axially split casings have been used successfully beyond the iimits given above, generally for off-plot appiications
at higher pressure or lower relative densily (specific gravity). The success of such applications depends on the
margin between design pressure and rated pressure, the manufacturer's experience with similar applications, the
design and manufacture of the split joint, and the user's ability to correctly remake the split joint in the field. The
purchaser should take these factors into account before specifying an axially split casing for conditions beyond
the above limits.

® 6.3.10 Radially split casings shall have metal-to-metal fits, with confined controlled-compression gaskets, such
as an O-ring or a spiral-wound iype. Gaskets other than spiral-wound may be proposed and fumished if proven
suitable for service and approved by the purchaser. Radially split pressure casing joints and bolting shall be
designed to seat a spiral-wound gasket {(see 8.3.2.3 for VS type pumps).

NOTE Table H.1 shows oniy spiral-wound gaskets for casing joints. Spiral-wound gaskets are generally preferred
because they are perceived by users to have had better availability, are more conducive to material identification, have a
broader chemical compatbility and temperature range, contact & wider sealing surface {are less susceptible to leakage
because of sealing surface irregularities) and are easier to handle and store than O-rings. [0 21048 and
ANSI/AP| Std 882/1SO 21049, specifically require O-ring gaskais on low-temperature {< 175 °C (350 °F)] pressure-seal gland
plates.

6.3.11 Centreline-supported pump casings shall be used for all horizontal pumps except as allowed in 9.2.1.2.

6.3.12 O-ring sealing surfaces, including all grooves and bores, shall have a maximum surface roughness
average value, Ra, of 1,6 um (63 pin) for static O-rings and 0,8 ym (32 pin) for the surface against which dynamic
Q-tings siide. Bores shall have a minimum 3 mm (0,12 in) radius or a minimum 1,5 mm (G,08 in} chamfered lead-
in for static O-rings and a minimum 2 mm (0,08 in) chamfered lead-in for dynamic O-rings. Chamfers shall have a
maximum angle of 30°.

6.3.13 Jackscrews shall be provided to facilitate disassembly of the casing. One of the contacting faces shall be
relieved {counterbored or recessed) to pravent a leaking joint or an improper fit caused by marring of the face.
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6.3.14 The use of threaded holes in pressure parts shall be minimized. To prevent leakage in pressure sections
of casings, matal, equal in thickness to at ieast half the nominal bolt or stud diameter, plus the aliowance for
corrosion, shall be left around and betow the bottom of drilled and threaded holes.

6.3.15 Internal bolting shall be of a material fully resistant to corrosive attack by the pumped liquid.

6.3.16 If the manufacture of cast pressure-casing paris requires the use of openings for core support, core
removal or waterway inspection and cleaning, these openings shall be designed so they can be closed by welding, !
using an appropriate, qualified weld procedure, during the completion of casting manufacture. ‘

6.4 Nozzies and pressure casing connections
6.4.1 Casing opening sizes

6.4.1.1 Openings for nozzles and other pressure casing connections shall be standard pipe sizes. Openings
of DN 32, DN 85, DN 90, DN 125, DN 175 and DN 225 (NPS 1 1/4, NPS 2 1/2, NPS 3 1/2, NPS 5, NP§ 7 and
NPS 9) shall not be used.

@ 6412 Casing connections other than suction and discharge nozzies shafl be at least DN 15 (NPS 1/2) for
pumps with discharge nozzle openings DN 5C (NPS 2) and smaller. Connections shall be at least DN 20
(NPS 3/4) for pumps with discharge nozzle openings DN 80 (NPS 3} and larger, except that connections for seal
fiush piping and gauges may be DN 15 (NPS 1/2) regardless of pump size.

6.4.2 Suction and discharge nozzles

6.4.2.1 Suction and discharge nozzles shali be flanged, except those on pumps with forged casings, which
shall be flanged or machined and studded. One- and two-stage pumps shall have suction and discharge flanges
of equal rating. If the pump is supplied with machined and studded connections, the pumgp vendor shall provide
drawings showing the dimensions of break-out spool pieces to ailow the pump to be conveniently removed from
the piping.

6.4.2.2 Cast iron flanges shall be fiai-faced and, except as noted in 6.4.2.4, conform to the dimensional
requirements of [SO 7005-2 and the flange finish requirements of ANSI/ASME B16.1 or ANSIASME B16.42,
PN2C (Class 125) flanges shall have a minimum thickness equal o that of PN4D (Class 250) flanges for sizes
DN 200 (NPS 8) and smaller.

6.4.2.3 Flanges other than cast iron shall, as a minimum requirement, conform to the dimensional
requirements of SO 7005-1 PNbB0 except as noted ih 64.24 and the flange finish reguirements of
ANSI/ASME B16.5 or ANSIASME B16.47.

NOTE For the purpose of this provision, ANSVASME B16.5 Class 300 and ANSI/ASME B18.47 Class 300 and EN 1758-
1 Class 300 are equivalent to 130 7005-1 PN5Q.

6.4.2.4 Flanges in all materials that are thicker or have a larger outside diameter than required by the
relevant ISO or ASME standards in this International Standard are acceptable, Non-standard (oversized) fianges
shall be compietely dimensioned on the arrangement drawing. If oversized flanges require studs or bolts of non-
standard length, this requirement shall be identified on the arrangement drawing.

6.4.2.5 Flanges shall be full faced or spot faced on the back and shall be designed for through boliing, except
for jacketed casings.

6.4.2.6 To minimize nozzle loading and facilitate installation of piping, machined faces of pump flanges shall
be parailel to the plane as shown on the general arrangement drawing within 0,5°. Bolt holes or studs shall
straddle centrelines paraliel to the main axes of the pump.

6.4.3 Auxiliary connections
& 6.4.3.1 All auxiliary connec.ti_o.ns to the pressure casing, except the seal gland, shall terminate in a flange
meeting the requirements of 6.4.2.2. or 6.4.2.3. These connections shall be integrally flanged, socket weided or
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butt welded as specified by the purchaser. Seal welding of threaded connections is not permitted. Purchaser
interface connections shall terminate in a flange.

& 6432 i specified, for pumps in pipeiine service with a maximum operating temperature of 55 °C (130 °F) or
less, auxiliary connections may be threaded,

e 6433 If specified, special threaded fittings for transitioning from the casing to tubing for seal flush piping
may be used provided that a secondary sealing feature, such as O-rings, are used and that the joint does not
depend on the thread contact alone to seal the fluid. The connection boss shall have a machined face suitable for
sealing contact.

6.4.3.4 Connections, including gusseting, welded to the casing snall meet or exceed the material and the
pressure-temperature requirements of the casing, including impact values, rather than the requirements of the
connected piping.

6.4.3.5 All connection weiding shait be completed before the casing is hydrostatically tested (see 8.3.2).
6.4.3.6 Auxiliary connections fo cast iron pressure casings may be threaded.
6.4.3.7 Unless otherwise specified, pipe threads shall be tapered threads in accordance with 180 7-1.

Openings and bosses for pipe threads shall conform o ANSIJASME B18.5.
NOTE For the purpose of this provision, ANSI/ASME B1.20.1 is equivalent to 1SO 7-1.
® 6438 If specified, cylindrical threads in accordance with 1SO 228-1 shall be used. If cytindrical threads are

used, they shall be sealed with a contained face gasket, and the connection boss shall have a machined face
suitable for gasket containment (see Figure 19),

Figure 19 — Machined face suitabie for gasket containment if using cylindrical threads

6.4.3.9 The first segment of piping screwed or welded {o the casing should not be more than 150 mm (6 in)
long and shall be a minimum of schedule 160 seamless for sizes DN 25 (NPS 1) and smaller and a minimum of
schedule 80 for DN 40 (NPS 1 1/2). The first segment of piping (nipple) should be straight, if practical, to aliow
connections such as drains to be cleaned. The first segment can attach axially to avoid increasing centreline
height (see 7.3.4). On small pumps, if this causes interference with the suction nozzie, for example, this
reguirement is considered impractical.

& 64310 tf specified, piping shall be gusseted in two orthogonal planes fo increase the rigidity of the piped
connection, in accordance with the foliowing stipulations.

a) Gussets shall be of a material compatible with the pressure casing and the piping and shall be made of either
flat bar with a minimum cross section of 25 mm by 3 mm (1in by €,12in) or round bar with a minimum
diameter of 9 mm (0,38 in).

b) Gusset design shall be as shown in Figure 20.
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Figure 20 — Typical gusset design

c) Gussets shall be iocated at or near the connection end of the piping and fitted to the closest convenient
location on the casing to provide maximum rigidity. The long width of gussets made with bar shali be

perpendicular to the pipe and shall be located to avoid interference with the flange bolting or any
maintenance areas on the pump.

d) Gusset welding shail meet the fabrication requirements (see 6.12.3), including PWHT when required, and the
inspection requirements (see 8.2.2) of this International Standard.

e) Gussets may aiso be bolted to the casing if drilling and tapping is done prior fo hydrotest.
f) Proposals to use clamped or bolted gusset designs shall be submitted to the purchaser for approval.

6.4.3.11 Threaded openings not connected to piping are allowed only in seal glands and in pumps furnished of
material classes |-1 and -2 (see Annex H). If supplied, they shall be plugged. Taper-threaded plugs shall be long-
shank solid round-head, or long-shank hexagon-head, bar stock piugs in accordance with ANSI/ASME B16.11. If
cylindrical threads are specified in 6.4.3.7, piugs shall be solid hexagon-head plugs in accordance with DIN 910,
These piugs shall meet the material requirements of the casing. A iubricant/sealant that is suitable for high-
temperature duty shall be used to ensure that the threads are vapour-tight. Plastic plugs are not permitted.

6.4.3.12 If specified, auxiliary connections to the pressure casing shall be machined and studded. These

connections shall conform to the facing and drilling requirements of 1SO 7005-1 or {80 7005-2. Studs and nuts
shall be furnished installed. The first 1.5 threads at both ends of each stud shall be removed.

NOTE For the purpose of this provision, ANSI/ASME B16.1 and ANSVASME B16.5 are equivalent to 1S0-7005-2 and
IS0 7005-1, respectively.

6.4.3.13 All connections shall be suitable for the hydrostatic test pressure of the region of the casing to which
they are attached.

6.4.3.14  All pumps shall be provided with vent and drain conneclions, except that vent connections may be
omitted i the pump is made seif-venting by the arrangement of the nozzles. Pumps that are not self-veniing shall
be provided with vent connections in the pressure casing, as required {see 6.8.10). If the pump cannot be
completely drained for geometrical reasons, this shall be s{ated in the proposal. The operating manual shall
include a drawing indicating the quantity and iocation(s) of the liguid remaining in the pump,

As a guide, a pump is considered functionally self-venting i the nozzie arrangement and the casing configuration

permit sufficient venting of gases from the first-stage impelier and voiute area to prevent loss of prime during the
starting sequence.

6.4.3.15  Ali of the purchaser's connections shalt be accessible for disassembly without reguiring the pump, or
ary major part of the pump, to be moved,
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6.5 External nozzle forces and moments

6.5.1 Steel and alioy-steel! horizontal pumps and their baseplates, vertical in-line pumps with supports anchored

to the foundation, and vertically suspended pumps shall be designed for satisfactory performance if subjected to

the forces and moments in Table 5 applied simuitaneously to both suction and discharge nozzies in the worst-
case combination for the pump in question. For horizontal pumps, two effects of nozzle loads are considered:

distortion of the pump casing (see 6.3.3 and 8.3.4) and misalignment of the pump and driver shafts (see 7.3.20).

6.5.2 Allowable forces and moments for vertical in-line pumps with supporis not anchored to the foundation

may be twice the values in Table 5 for side nozzles.

6.5.3 For pump casings constructed of materials other than steel or alloy steel or for pumps with nozzles larger

than DN 400 (NPS 16), the vendor shall submit allowable nozzle ioads corresponding to the format in Tabie 5.

Table 5§ — Nozzle loadings

Location/orientation

Nozzle-loading force as a function of flange size — Sl units

N

Nominal size of fiange (DN)

ss0 | e | 100 | 150 | 200 | 250 | 300 | 3s0 | 400
Each {op nozzie
Fy 710 1070 1420 2 490 3780 5340 6 670 7420 8 450
Fy 580 890 1160 2 050 3110 4 450 5340 5780 6 870
Fz 890 1330 1780 3110 4 8980 6 67C 8 000 g ¢00 10 230
Fe 1280 1830 2 560 4 480 8920 S 630 11700 | 12780 | 14850
Each side nozzle
Fy 710 1070 1420 249G 3780 5 340 6 670 7120 8 450
Fy 890 1330 1780 3110 4 890 88670 8 000 8 800 10 230
Fz 580 890 1160 2 050 3110 4 450 5340 5780 6670
Fr 1 280 1930 2 560 4 480 6 920 9830 11 700 12780 | 14 850
Each end nozzle
Fy 880 1330 1780 3110 4880 6670 8 000 8800 | 16230
Fy 710 1070 1420 2 490 3780 5340 6670 7120 B 450
Fz 580 890 1180 2 0580 3110 4 450 h 340 5780 8670
Fr 1280 1630 2 560 4 480 6920 9830 | 11700 | 12780 | 14850
Moment
N-m
Each nozzie
My 460 850 1330 2300 3530 5020 6 100 6 370 7 320
My 230 470 580 1180 1760 2 440 2880 3120 3660
Mz 350 720 1 000 1760 2580 3800 4 810 4750 5420
Mg 620 1280 1800 3130 4710 B 750 8210 § 540 9820
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Table 5 (continued)

Nozzle-loading force as a function of flange size — USC units

Iof
Locationforientation

Nominal size of flange (NPS)

<2 { 3 | a4 1 e | 8 | w0 | 12 | 14|

Each top nozzie

Fy 160 240 320 560 850 1200 1 500 1600 1900

Fy 130 200 260 480 700 1 00C 1200 1 300 1500

Fz 200 300 400 700 1100 1 500 1 860 2 060 2 300

Fr 280 430 570 1010 1560 2200 28600 2 500 3 300
Each side nozzle

Fy 160 240 320 £60 850 1200 15800 1 600 1800

Fvy 200 300 400 700 1100 1500 1 800 2 000 2300

Fz 130 200 260 460 700 1 000 1200 1300 15600

Fg 290 430 570 1010 1560 2200 2660 2 900 3 300
Each end nozzie

Fy 200 300 400 700 1100 1 500 1800 2 600 2300
Fy 160 240 320 560 850 1200 1 800 7 600 1 800
Fz 130 200 260 480 700 1000 1200 1300 1500
Fr 290 430 570 1010 1 560 2200 2600 | 2800 3 300
Moment
ft-bf
Each nozzle
My 340 700 980 1700 2 800 3706 4 500 4 706 5 400
My 170 350 500 870 1300 1800 Z 200 2 300 2700
M7 280 530 740 1300 1900 2 800 3400 3 500 4 00O
Mg 480 &80 1330 2310 3 500 5 GO0 6100 6 300 7200
NOTE1  See Figures 21 through 25 for orientation of nozzle loads (X, Y and Z}.
NOTE 2

Each vaiue shown above indicates range from minus that value to plus that value; for example 180 indicates a range from
—-160 to +160.

6.5.4 The coordinate system(s) shown in Figures 21 through 25 shall be used to apply the forces and moments
in Table 5.

- 6.55 AnnexF gives methods of qualifying nozzle loads in excess of those in Table 5. The purchaser should be
| aware that the use of the methods in Annex F can result in a misalignment up to 50 % greater than that based on

. the foads given in Tabie b and can impact equipment instaliation criteria. The use of the methods in Annex F
. requires approval by the purchaser and specific direction to the piping designers for its use.
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28 Shaft cenireline.
B Discharge.
& Sugtion.

Figure 21 — Coordinate system for the forces and moments in
Table 5 — Veriical in-line pumps
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&  Shaft centreline.
b Discharge.
¢ Suction.
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Table 5 — Vertically suspended, double-casing pumps

Seld to:TERODIN MIDDLE EAST LIMITED, W1097520
Mot for Resaia 204 1/511 14:43:43 GMT



34 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

Key

1 discharge nozzle
2 suction nozzle

3 centre of pump

o

Shaft centreline.
b Padestal centreline.
S Veriical plane,

Figure 23 — Coordinate system for the forces and moments in
Table 5 — Horizonfal pumps with side suction and side discharge nozzies
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Key

1 discharge nozzie

2 suction hozzle

3 centre of pump

2  Shaft centreline.

5 Pedestal centreline.
3

Verfical plane.

Figure 24 — Coordinate system for the forces and moments in
Table 5 — Horizontal pumps with end suction and top discharge nozzles
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RS AR SIS

Key

1 discharge nozzie

2 suction nozzie

3 centre of pump

2 Shaft centreline.

b Pedestal centreline.
<

Vertical plane,

Figure 25 — Coordinate sysiem for the forces and moments in
Table 5 — Horizontal pumps with top nozzles
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6.6 Rotors

6.6.1 Unless ctherwise specified, impeliers shall be of the fully enclosed, semi-apen or open type.

Enclosed {ciosed) impeliers are less sensitive to axial position and, therefore, preferable for long shaft assemblies
where axial displacement due to thermal expansion/contraction or to thrust can be substantial. Semi-open
impeliers can offer a higher efficiency, due to the elimination of disc friction from one shroud. The running
clearances for semi-open impeliers in vertical pumps can be adjusted from the coupling or top of the motor, thus
possibly restoring efficiency and pump output without disassembiy of pump partis. The open impeller is typically of

an axial-flow propeller type designed for large capacities at low heads; the open impelier is also used for volute
sump pumps with a separate discharge.

6.6.2 impeilers shall be single-piece castings, forgings or fabrications.

NOTE Impeilers made as forgings or fabrications have machined waterways, which can offer improved performance for
low-specific-speed designs.

6.6.3 Impellers shall be keyed to the shaft. Pinning of impeliers to the shaft is not acceptable. With the
purchaset's approval, coiiets may be used in vertically suspended pumps. Overhung impefiers shall be secured to
the shaft by a cap screw or cap nut that does not expose shaft threads. The securing device shall be threaded fo
tighten by liguid drag on the impeller during normal rotation, and a positive mechanical locking method (for

; example a staked and corrosion-resistant set-screw or a tongue-type washer) is required. Cap screws shall have
- fillets and a reduced-diameter shank to reduce stress concentrations.

6.6.4 Al shaft keyways shall have fillet radii in accordance with SO 3117.

‘:.; NOTE For the purpose of this provision, ANSVASME B17.1 is equivalent to 180 3117.

6.6.5 Impeliers shall have solid hubs. Impellers may be made from a cored pattem if the core is completely
filled with a suitable metal that has a melting point of not less than 260 °C (500 °F) for pumps with cast-iron
casings and not iess than 540 °C (1 000 °F) for pumps with cast-steel casings.

NOTE The reguirement to fill cored impeller hubs is intended to minimize the danger to personnel if and when impeliers
are removed by heating.

6.6.6 For shafts that require sleeve gaskets fo pass over threads, at least 1,5 mm (0,08 in) radial clearance

shall be provided between the threads and the internal diameter of the gasket, and the diameter transition shall be
chamfered in accordance with 6.3.12,

6.6.7 The shaft-to-seal sleeve fil(s) shall be £7/h& in accordance with SO 286 (ail parts).

6.6.8 Areas of shafts that can be damaged by set-screws shall be relieved to facilitate the removal of sleeves or
other components.

6.6.9 Shafts shall be machined and finished throughout their length so that the TIR is not more than 25 ym
(0,001 in).

6.6.10 If non-contacting vibration probes are furnished in accordance with 7.4.2.2, the shaft sensing areas (both
radial vibration and axial position) for observation by radia! vibration probes shail

a) be concentric with the bearing journals;

b) be free from stencil and scribe marks or any other surface discontinuily, such as an oil hole or a keyway, for a

minimum distance of one probe tip diameter on each side of the probe,
¢) not be metalized, sleeved or plated on rofors of materials that exhibit consistent electrical properties;

d} have a finai surface finish of 0,8 um '{"32"51'51‘1‘)71?& or smoother, preferably abiained by honing or burnishing;
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e) bhe properly demagnetized to the tevels specified in ANSUAP! Std 670, or otherwise treated so that the
combined {otal electrical and mechanical runout does not exceed the following:
1) for areas observed by radial vibration probes, 25 % of the aliowed peak-to-peak vibration amplitude or
6 pum (0,25 mit), whichever is greater;
2} for areas to be observed by axial position probes, 13 pm (0,5 mil).
6.6.11

If the shafi is made of material that exhibits inconsistent electrical properties, the shaft-sensing areas may
be produced by shrink-fitting sleeves or "target rings” to the shaft. Target rings shall be finished in accordance
with 6.6.10 and shall be identified in the technical documentation. Materials known to exhibit inconsistent electrical
properties are high chromium alloys such as 17-4 PH, duplex stainiess steel and many austenitic stainless steels.

6.6.12 If it is specified that equipment shall have provisions for mounting non-contacting vibration probes
{7.4.2.2), the shaft shall be prepared in accordance with the requirements of 6.6.10 and ANSVAP! Std 670,

6.6.13 If non-contacting vibration probes are furnished, accurate records of electrical and mechanical runout for
the full 360° at each probe location shall be included in the mechanical test report.

6.6.14 if the vendor can demonstrate that electrical or mechanical runout is present, the demonstrated amount of
runout can be vectorially subtracted from the measured vibration during the factory test as fong as it does not
exceed 25 % of the allowed peak-to-peak vibration amplitude or 6,5 um {0,25 mil), whichever is less.

6.7 Wear rings and running clearances

6.7.1 Radial running clearances shall be used to limit internal leakage and, where necessary, balance axial

thrust. Impetier pumping vanes or close axial clearances shall not be used to balance axial thrust. Renewable
wear rings shall be provided in the pump casing. Impetlers shail have either integral wear surfaces or renewabie
wear fings.

6.7.2 Mating wear surfaces of hardenable materials shall have a difference in Brinell hardness number of at
least 50 unless both the stationary and the rotating wear surfaces have Brinell hardness numbers of ai ieast 400,

6.7.3 Renewable wear rings, if used, shali be held in place by a press fit with locking pins, screws {axial or

radial) or by fack welding. The diameter of a hole in a wear ring for a radial pin or threaded dowel shail not be
more than one-third the width of the wear ring.

6.7.4 Running clearances shall meet the requirements of 8.7.4 a) to 6.7.4 ¢},
a) When estabiishing internal running clearances between wear rings and other moving parts, consideration
shall be given to pumping temperatures, suction conditions, the liguid properties, the thermal expansion and
galiing characteristics of the materials, and pump efficiency. Clearances shall be sufficient 1o assure
dependability of operation and freedom from seizure under all specified operating conditions,

b) Forcastiron, bronze, hardened mariensitic stainless steel and materials with similarly low galling tendencies,
the minimum clearances given in Table 6 shall be used. For materiais with higher galling tendencies and for

all materials operating at temperatures above 260 °C (500 °F), 125 um (0,005 in} shall be added (¢ these
diametral clearances.

¢} For non-metallic wear-ring materials with very low or ne galling tendencies (see Table H.3), clearances less
than those given in Table 8 may be proposed by the vendor. Factors such as distortion and thermai gradients

shali be considered, to ensure clearances are sufficient fo provide dependability of operation and freedom
from seizure under all specified operating conditions.

NOTE There are published data showing successful applications of non-metallic wear-ring materials with AP clearances

(see 6.7.4) reduced by 50 %. Reascnable reductions in ciearances are beiieved to be dependent on the materials applied and
other service condifions, such as cleanliness and temperature.
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Table § — Minimum internal running clearances

39

Diameter of rotating
member at clearance

Minimum diametral

Diameter of rotating

Minimum diametral
clearance member at clearance clearance
mm mm in in
< 50 0,25 < 2,000 0,010
50 to 64,99 0.28 2,000 to 2,499 0,011
65 o 79,99 0,30 2,500 to 2,999 0,012
80 to 89,99 0,33 3,000 to 3,499 0,013
90 to 99,99 035 3,500 to 3,989 0,014
100 t0 114,89 .38 4,000 to 4,499 0,015
115 to 124,99 0,40 4,500 to 4,998 0,018
125 10 149,99 0,43 5,000 to 5,980 0,617
150 to 174,98 0,45 6,000 to 6,999 G018
175 to 199,99 .48 7.00C to 7,999 0,018
200 t0 224 99 0,50 8,000 to 8,999 0,020
225 to 249,99 0,53 9,000 t0 9,999 0,021
250 to 274,989 0,55 10,000 to 10,999 0,022
275 t0 298,09 0.58 11,000 to 11,908 0,023
300 to 324,89 0,60 12,000 o 12,989 0.024
325 10 349,99 0,83 13,000 to 13,999 0,025
350 to 374,89 0,65 14,000 to 14,999 0.028
375 to 399,89 c,68 15,000 to 15,999 0,027
490 10 424 99 0,70 16,000 to 16,8999 0,028
425 (0 449,89 0,73 17,000 to 17,999 0,029
450 to 474,99 0,75 18,000 to 18,999 0,630
475 io 49989 0,78 19,000 10 19,898 0,031
500 to 524,09 0,80 20,000 to 20,999 0,032
525 to 549,99 0,83 21,000 to 21,999 0,033
550 to 574,99 0.85 22,000 to 22,999 0,034
575 tv 599,99 0,88 23,000 to 23,999 0,035
600 to 624,99 0,90 24,000 to 24,998 0,036
625 to 649,987 0,95 25,000 to 25,999 0.037
a

For diameters greater than 648,99 mm (25,999 in), the minimum diametral clearances shalt be 0,95 mm (0,037 i) plus 1 um for
each additional 1 mm of diameter or fraction thereof {0,001 in for each adgitional 1 in).

6.8 WMechanical shaft seals

6.8.1

Pumps shall be equipped with mechanical seais and sealing systems in accordance with 1SO 21049.

Pump and seal interface dimensions shall be in accordance with Table 7 and Figure 26 of this Internaticnal
Standard. The purchaser shall specify the category of sea! required. The purchaser should use the data sheets in

IS0 21049 for this purpose,

NOTE
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6.8.2 The seal cartridge shall be removable without disturbing the driver.

6.8.3 The seal chamber shall conform to the dimensions shown in Figure 26 and Table 7. For pumps with
flange and pressure ratings in excess of the minimum values in 6.3.5, the gland stud size and circle may increase.

Larger studs shall be fumished only If required 1o meet the stress requirements of 8.3.4 or to sufficiently compress
spiral-wound gaskefs in accordance with manufacturer's specifications.

Dimensions in miflimetres {inches)

1 (@]g 1 no[a®)]

a} Single seal

0 ( 0
6 -0,0510,236 -0007

~l
w
e ¢

i

b} Dual seal

1 gland studs (four)
2 optional outside gland rabbet
totat length to nearest abstruction

length from seal chamber face to nearest chstruction

Figure 26 — Chamber diagrams
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Table 7 — Standard dimensions for seal chambers, seal gland attachments
and carfridge mechanical seal sleeves (see Figure 28)

Dimensicns in millimstres (inches)

Seal Shaft . Total Clear
. Seai chamber| Gland Outside gland .
cha_mber d:ametaer bore® stud circle rabbetS Ier!gtg; Ien'gtgz Stud size
size max. min. min.
dy dy dy dy ! i Sl Usc
1 20,00 {0,787} ; 70,00 (2,756) | 105 (4,13} 85,00 (3,346) | 150 (590} | 100 (3,84} | M12 x 1,75 | 4/2"13
2 30,00 (1,184%) | 80,00 (3,150) | 115 {4,53) | 95,00(3,740) | 185 (810) | 100 (3,94) { M12 x 1,75 1 1/2"13
3 40,00 (1,575) | 90,00(3,543) | 125(4,82) | 105,00 {4,134) | 160 (6,30) | 10D (3,94) { M12 x 175 ; 1/2°-13
4 50,00 {1,968) :100,0G (3,937) | 140 (5,51} | 115,00 (4,528) | 165 (6,50) | 110 (4,33} | M18x 20 | 5811
5 60,00 {2,362} 120,00 (4,724)} 160 (6,30) | 135,00 (5,315) | 170 (6,69} | 1410 {4,33) | M6 =20 5811
& 70.00 (2,756} | 130,00 {5,118) [ 170 (6,69) | 145,00{5,709) | 175 (6,89) [ 110 (4.33) | M16x20 | 5/8™-11
7 80,00 (3,150) | 140,00 {5,512} | 180 (7,09} | 155,00 (8,102) | 18C (7,08) | 110 (4,33) | M16x 2,0 | 5/8"-11
8 90,00 (3,5643) : 160,00 (6,299) ] 205(8.07} L 175,00 6,800 L 185 (7.28) | 120 (472} | M20x25 | 3/4"10
9 100,00 (3,937) | 170,00 (6,693) | 215 (8,46) | 185,00 (7,283) | 190 (7,48} | 120{4,72) | M20x 2,5 | 3/4"-10
10 110,00 (4,331) [ 180,00 (7,087) | 225 (8,86} | 195,00 (7,677) | 195 (7.68) | 120 (4,72) | M20x 25 | 3/4"10
&  Dimensions to tolerance class he.
b Dimensions to tolerance class H7; for axially split pumps, an addiional tolerance of © 75 um (0,003 in} to allow for gasket
thickness. :
¢ Dimensicns to {olerance class 7.
4 ghaft defiection criteria (6.9.1.3} can require the reduction of dimensions / and i, on size 1 and size 2 seal chambers to below the
mirtmum values listed, depending on speciic pump construction and casing design. Size 1 and size 2 seat chambers are not usually
found on Type OHZ and OH3 pumps.

6.8.4 Provisions shait be made to centre the seal gland andior chamber with either an inside or ouiside
diameter register fit. The register fit surface shall be concentric to the shaft and shall have a total indicated runout

of not more than 125 pm (0,005 in). Using the seal-gland bolts to centre mechanical seal components is not
acceptable (see Figure 27},

Key
1 location of cuiside diameter measurement
2 focation of inside diameier measurement

Figure 27 — Seal chamber concentricity
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6.8.5 Seal chamber face runocut (TIR) shall not exceed 0,5 um/mm (0,000 5 infin) of seal chamber bore
(see Figure 28).

Key

1 location of face runoui measurement

Figure 28 — Seal chamber face runout

6.8.6 The mating joint between the seal gland and the seal chamber face shall incorporate a confined gasket to
prevent blowout. The gasket shaill be of the controlled-compression type, for example an O-ring or a spiral-wound
gasket, with a mefal-to-metal joint contact. If space or design limitations make this requirement impractical, an
alternative seal giand design shall be submitted to the purchaser for approvat.

6.8.7 Specified seal and pump connections shall be identified by symbols permanently marked into the

compenent (such as stamped, cast or chemically etched). Symbols shall be in accordance with those specified in
180 210489,

6.8.8 GSeal glands and seal chambers shall have provision for only those connections required by the seal flush
plan. If additional tapped connection points are specified and are not used, they shall be plugged in accordance

with 8.4.3.11.
® 689 Seal chambers shall be designed with space available to provide for an additional fiush port fo
approximately the centre of the chamber and extending vertically upward. If specified, this port shall be drilled and
machined for a piping connection. Tapered pipe thread connections are not aliowed.
6.8.10 Provision shall be made to ensure complete venting of the seal chamber.
& 6.8.11 If specified, jackets shall be provided on seal chambers for heating. Heating requirements shail be agreed
upon by the purchaser, vendor, and seal manufacturer for high-melting-point products.
6.8.12 Mechanical seals and glands for all pumps, except vertically suspended pumps shipped without drivers
mounted, shall be installed in the pump before shipment and shall be clean and ready for initial service. If seals
require final adjustment or installation in the field, the vendor shall attach a metal tag warning of this requirement.
®

6.8.13 The vendor and purchaser shall agree on the maximum static and dynamic sealing prassures that can be

anticipated to occur in the seal chamber and the vendor shail state these values on the data sheet [see 3.23 and
3.25].

6.9 Dynamics
6.9.1 :fGeneral

6.9.1.1]

The topics of critical speed and lateral anaiysis-are covered under each specific pump type in
Clause-9.
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6.8.1.2 The rotor of one- and two-stage pumps shalt be designed so its first dry-bending critical speed is at
least 20 % above the pump's maximum continuous operating speed.

6.9.1.3 To cobtain satisfactory sea! performance, the shafi stiffness shall imit the total deflection under the
most severe dynamic conditions over the allowable operaiing range of the pump with maximum diameter
impeller(s) and the specified speed and hquid to 50 pum (0,002 in) at the primary seal faces. This shaft-deflection
limit may be achieved by a combination of shaft diameter, shaft span or overhang, and casing design {inciuding
the use of dual volutes or diffusers). For one- and two-stage pumps, no credit shail be taken for the liquid
stiffening effects of impeller wear rings. For multistage pumps, liquid stiffening effects shall be considered and
calculations shali be performed at both one and two times the nominal design clearances. The lquid stiffness of

product-ubricated bearings and bearing bushings shali be calculated at both one and two times the nominal
design clearances.

6.9.2 Torsional analysis

6.9.2.1 There are three general types of torsional analyses that are normally performed on pumps:.

a)

undamped natural frequency analysis: determination of the unit's torsional nafural frequencies and
associated mode shapes and generation of a Campbeli diagram to determine potential resonance points;

b) steady-state damped response analysis: evaluation of the resonance points uncovered in the undamped
analysis via a forced response analysis that utilizes representative values for excitation magnitudes and
damping; the results are cyclic torques and stresses in all shaft elements in the model, which can then be
used to evaluate the structural adequacy of the machine;

c)

transient torsicnal analysis: similar to a sieady-state damped response analysis, except that it is done for fhe

transient condition and its results are cyclic torques and siresses as functions of time; oy far, the most
common application for this analysis type is the start-up of a synchronous motor.

A flow chart for the torsionat analysis is shown in Figure 29,
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Figure 29 — Torsional analysis flow chart
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6.9.2.2 Uniess otherwise specified, an undamped natural frequency analysis shall be performed by the
manufacturer having unit responsibility if any of the following describe the machinery train:

a) trains comprised of three or more coupled machines rated 1 500 kKW (2 000 hp) or higher;

b) induction motor, or turbine, through gear rated 1 500 kW {2 000 hp) or higher;
¢} internal combustion engine rated 250 kW (335 hp} or higher;
d} synchronous motor rated 500 kW (670 hp) or higher;

&) electric motor with variable-frequency adjustable-speed drive (ASD) rated 1 000 kW {1 350 hp) or higher;

f)  vertical pump with a driver rated 750 kW (1 000 hp) or larger.

Experience of some manufacturers is that vertical pumps, particularly those with iong shafts, have relatively large
inertias in the driver and pump stages and are susceptible to very small torsionai excitations.

The analysis shali be for the train as a whole unless the train includes a device that has weak dynamic coupling,
for example a hydraulic coupling or torque converter. In all cases, the vendor having unit responsibility shali be
responsible for directing any modifications necessary to rmeet the requirements of 6.9.2.3 through 6.9.2.9.

6.9.23 H specified, for variable-frequency ASD's, a steady-state, damped-response analysis shall be
~performed. The analysis shall consider all resonant frequencies through 12 times line frequency.

f; Most modern variable-frequency ASD’s, when performing properly, produce insignificant torsional vibration and

 shaft stress. Variable-frequency ASD malfunctions can produce significant excitation. Certain designs still exist
" that produce significant torsional pulsations.

if 6.9.2.4 If specified, or if the driver is a synchronous motor rated 500 kW (870 hp} or higher, a transient

"torsional analysis shall be performed. Hf performed, the time-transient analysis shall meet the requirements of
6.9.2.11 through 6.9.2.14.

NOTE Some purchasers choose fo perform transient analysis if generator phase-to-phase or phase-to-ground faulis are
considered a significant risk or if rapid bus switching occurs on loss of power,

6.9.2.5 Excitation of torsional natural frequencies can come from many sources, which might or might not be

a function of running speed and should be considered in the analysis. These sources can include but are not
fimited to the following: ‘

a) impelier vane and cuiwater pass frequencies;

b) gear mesh frequency;

¢} all frains including those with gear(s): 1 and 2 times the rotor speed, expressed in revolutions per minute, of
gither shaft;

dy 2-cycle engine drive: » times the rotor speed, expressed in revolutions per minute;

e)

4-cycie engine drive n and 0,5 times the rotor speed, expressed in revoiutions per minute;

f) synchronous motor: n times the slip frequency (tfransient phenomena only), 1 and 2 times iine frequency,
gy induction metors: 1 and 2 times line frequency;

h) wvariable-frequency drive: n times the rotor speed, expressed in revolutions per minute, for relevant multiptes

fhrough 12 times the line frequency where » is an integer determined by the drive manufacturer as foliows:

— for engines: derived from the number of power strokes per revoiution,
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— for motors: derived from the number of poles.

6.9.2.6 The torsional natural frequencies of the complete train shall be at least 10 % above or 10 % below

any possible excitation frequency within the specified range of operating speeds (from minimum to maximum
continuous spead).

6.9.2.7 Torsional natural frequencies at two or more times running speeds shall preferably be avoided in

systems in which carresponding excitation frequencies accur. If the natura! frequency cannot he moved, it shail be
shown to have no adverse effect.

6.9.2.8 If torsional resonances are calculated to fall within the margin specified in 6.2.2.6 (and the purchaser
and the vendor have agreed that all efforts to remove the resonance from within the limiting frequency range have
been exhausted), a steady-state, damped-response analysis shall be performed to demonstrate that the
resonances have no adverse effect on the complete train. The assumptions made in this analysis regarding the

magnitude of excitation and the degree of damping shall be ciearly stated. The acceptance criteria for this
analysis shall be agreed upon by the purchaser and the vendor.

NOTE Typically, steady-state, damped torsional analyses of pumps driven by pulse-width-modulated variable-frequency
drives have shown acceptably {ow stresses at the resonant conditions; these have no adverse affects on the machinery train.

6.9.29 Uniess ofherwise specified, if only a steady-siate, undamped torsional analysis is performed, a

Campbell diagram with 2 fabulation of the mass elastic data and brief explanation of the caiculation method may
be furnished fo the purchaser in lieu of a report.

6.9.2.10 if specified, or if either a steady-state, damped-response analysis or a transient torsional analysis is

performed, the manufacturer shall furnish a defailed report of the torsional analysis. The report shall include the
following:

8} description of the method(s) used to calculate the natural frequencies;

b) diagram of the mass elastic system,

¢y table of the mass moment and torsional stiffness of each element of the mass elastic system;

d) Campbell diagram;

mode-shape diagram with peak stresses shown for each resonant frequency, if a stress analysis is performed.

6.9.2.11 In addition to the parameters used to perform the steady-state, undamped torsional anatysis specified
in 6.9.2.2, the following shail be included in the transient torsional analysis:

a) mdtor average torque, as well as pulsating torque (direct and quadrature axis) vs. speed characteristics;

b} load torque vs. speed characteristics.

¢} eiézctricalnsystem characteristics affecting the motor terminat voltage or the assumptions made concerning the

terminal voltage, including the method of starting, such as across the line, or some method of reduced
voitage starting.

6.9.2.12 The analysis shall generate the maximum torque as well as a torgue vs, fime history for each of the
shafis in the frain.

The maximum torques shall be used to evaluate the peak torque capability of coupling components, gearing and
inierference fits of components, such as coupling hubs. The forque vs. time history shali be used to develop a
cumuiative damage-fatigue analysis of shafiing, keys and coupling components.

6.9.2.13  Appropriate fatigue properties and stress concentrations shall be used.
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6.9.2.14  An appropriate cumulative fatigue algorithm shall be used to develop a vaiue for the safe number of
starts. The purchaser and vendor shali muiually agree as to the safe number of starts.

NOTE Values used depend on the analytical modei used and the vendor's experience. Values of 1000 to 1500 starts
are common. ANSI/AP! Std 541 requires 5 000 staris. This is a reasonable assumption for a molor since it does not add
significant cost to the design. The driven equipment, however, would be over-designed to meet this reguirement.

EXAMPLE A 20-vear life with 1 start per week equals 1 040 starts. Equipment of this type normally starts once every few
years rather than once per week. i is necessary, therefore, to specify a reasconable number of starts.

6.9.3 Vibration

6.9.3.1 Centrifugal pump vibration varies with flow, usually being a minimum in the vicinity of best efficiency
point flowrate and increasing as flow is increased or decreased. The change in vibration as flow is varied from
best efficiency point flowrate depends upon the pump's energy density, its specific speed and its suction-specific

speed. in general, the change in vibration increases with increasing energy density, higher speciiic speed and
higher suction-specific speed.

With these general characteristics, a centrifugal pump's operating flow range can be divided into two regions, one
termed the best efficiency or preferred operating region, over which the pump exhibits low vibration, the other
termed the allowable operating region, with the limits, both high and low, defined as those flowrates at which the
pump's vibration reaches a higher but still “acceptable” level. Figure 30 iliustrates the concept. Faciors other than

vibration, for example, temperaiure rise with decreasing ftow or NPSH3 with increasing flow, can dictate a
nairower aliowable operating region. See also 6.1.12.

The allowable operating region shall be stated in the proposal. If the allowable operatmg region is limited by a
factor other than vibration, that factor shall also be stated in the proposal.

§.9.3.2 During the performance test, overall vibration measurements over a range of 5 Hz to 1 000 Hz and a

Fast Fourier Transform (FFT) spectrum shall be made at each fest point except shutoff. The vibration
measurements shall be made at the following iocations:

a) on the bearing housing(s) or equivalent location(s) of all pumps, at the positions shown on Figures 31 through
33;

b} on the shaft of pumps with hydrodynamic bearings with proximity probes, if the pump has provisions for
proximity probes.

® 6933 The FFT spectra shall include the range of frequencies from 5 Hz to 27 fimes running speed (where Z
is the number of impeller vanes; in multistage pumps with different impellers, 7 is the highest number of impeller
vanes in any stage). If specified the plotted spectra shall be inciuded with the pump test results.

NCTE The discrete frequencies 1,0, 2,0, and Z times running speed are associated with various pump phenomena, and
are, therefore, of particular interest in the spectra,
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Figure 30 ~ Relationship between flow and vibration
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Dimensions in millimetres (inches), uniess otherwise specified

7 10,08

Key

1 dimple (see §.10.2.9)

2 ocptional arrangement for mounting vibration-measuring equipment (see 6.10.2.10)
A axial

M horizontat

VvV  vertical

Figure 31 — Locations for taking vibration readings on OH and BB type pumps
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Dimensions in miliimetres (inches), unless otherwise specified

i

™
<
2 {0,08)

3 4
Key
1 dtiver mounting surface
2  pump bearing housing
3 dimple {see §.10.2.9)
4 optional arrangement for mounting vibration-measuring equipment (see 8.10.2.10)
A axial
Figure 32 — Locations for taking vibration readings on veriically suspended {VS) pumps
6.8.3.4

Bearing-housing overali vibration measuremenis shall be made in root mean square (RMS) velocity,
expressed in millimetres per second (inches per second).

6.9.3.5 Shaft vibration measurement shall be peak-to-peak displacement, in micrometres (mils).
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Dimensions in millimetres (inches), unless otherwise specified

A m' 1
[ c>
6 tl
D — 3
X Y.
4

N

a) Vertical in-line (OH3} pump

=
Qa
=
o~

b} High-speed integrally geared (OH6) pump

120°

£ >

|
Yo A

c) Dimples d} Arrangement for mounting

(see 6.10.2.9) vibration-measuring equipment
(see 6.10.2.10)

Key :

1 driver mounting surface

2 pump bearing housing

3 gearbox housing

4 suction flange

5 discharge flange

6 threaded connection for stud-mounting vibration sensor

A axial

Figure 33 - Locations for taking vibration readings on [a)] vertical in-line (OH3) and
[b)] high-speed integrally geared (OHG) pumps
6.9.3.6 The vibration measured during the performance fest shall not exceed the vaiues shown in the
following:

— Table 8 for overhung and between-bearing pumps;
— Table 9 for vertically suspended pumps,;

- Figure 34 for high energy pumps.

Purnps furnished with proximity probes shall meet both bearing-housing and shafi-vibration limits.
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NOTE Bearing housing overall vibration limits are gefined for RMS measurements only.
Table 8 — Vibration limits for overhung and between-bearings pumps
Location of vibration measurement
Bearing housing Pump shaft
{see Figures 31 and 33) {adjacent to bearing)
Criteria Pump bearing type
All Hydrodynarnic journel bearings
Vibration at any flowrate within the pump's preferred operating region
Overall

For pumps running at up to 3 660 r/min
and absorbing up to 300 kW (400 hp)
per stage:

v, < 3,0 mm/s RMS

{C,12 infs RMS)
For pumps running above 3 600 /min
or absorbing more than 300 kW
(400 hp) per stage: see Figure 34

Ay < (5,2 « 108m)%5 um peak-to-peak
{8 000/n)%® mils peak-to-peak]
Not to exceed:
Ay < 50 um peak-to-peak
(2,0 mils peak-to-peak)

Discrete frequencies

w < 2,0 mm/s RMS
(0,08 infs RMS)

for fem Ap < 0,334,

region but within the allowable
operating region

Aliowable increase in vibration at
flows outside the preferred operating

30 %

30 %

whare

v

resociution of 400 lines;

f is the frequency;,

w  Isthe measured overall veiocity,

A, s the amplitude of measured overall displacement;

n is the rotational spesd, expressed in revolutions per minute.

Power calculated for BEP of rated impeller with liguid relative density (specific gravity) equal to 1,0,

Vibration velocity and amplitude values calculated from the basic limits shall be rounded off to two significant figures

vi is the discrete frequency velocity, measured with a FFT spectrum using a Hanning window and a minimum fraquency

A is the amplitude of displacement at discrete frequencies, measured with a FFT spectrum using a Hanning window and a
minimum frequency resolution of 400 lines;
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Table 9 — Vibration limits for verticaily-suspended pumps

Location of vibration measurement
Pump thrust bearing housing or'
motor mounting flange (ad'aignmtptosggzrin )
(see Figure 32) | g
Criteria Pump bearing type
Hydrodynamic guide bearing adjacent
All ) .
to accessible region of shaft
Vibration at any flow within the pump's preferred operating region

CQverall vs < 5,0 mmis RMS Ay < (6.2 x 108m)%5 ym peak-to-peak

{0,20 in/s RMS) [(10 000/n)%5 mils peak-to-peak]

Not to exceed:
Ay < 100 um peak-to-peak
{4,0 mils peak-to-peak)
Discrete frequencies v < 3,4 mm/s RMS Eor 4 <0334
< A< G,

(0,13 in/s RMS) JFem u
Aliowabie increase in vibration at
flows outside the preferred operating o o
region but within the aflowable 30 % 30 %
operating region

Vibration veiocity and amplitude values calcutated from the basic !imits‘shaﬂ be rounded off to two significant figures
where

v, s the measured overall velocity;

ve I8 the discrete frequency velocity;

4, s the amplitude of measured overall displacement;

4y is the amplitude of displacement at discrete frequencies, measured with a FFT spectrum using a Hanning window and a
minimum frequency resolution of 400 lines;

n is the rofational speed, expressed in rfmin.
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Y1d b Y2
8
7
=4 0,25
6
5 = 0,2
45 12 3 45 |16 |7
’ 1 /// >
4 f‘///; ; falzat
1 ]
' AT A
3 PV g%vs //,/
= 0,1
2 = _
500 1 000 2 000 5000 10 000 20000 30 000 X

Key

X rotational speed, expressed in revolutions per minute

Y1 vibrational velocity, expressed in'millimetres per second, RMS
Y2 vibrational velocity, expressed in inches per second, RMS

P =3 000 kWistage
P = 2000 kivfstage
P =1 500 kWistage
P =1 000 kW/stage
P =700 xWistage
P = 500 kWistage
P < 300 kW/stage

AU o T &1 T Y 4% N AN B

0,30 0,21

NOTE 1  The equation for transition from 3,0 mmis to 4,5 mmis is v, =3,0 n/3600 "~ [ P/300]

NOTE 2  The vibration limit for discrete frequencies is: v < 0,67y, aliowabie from Figure 34.

Figure 34 — Vibration limits for horizontal pumps running above 3 600 r/min or
absorbing more than 300 KW (400 hp) per stage

6.9.3.7 At any speed greater than the maximum continuous speed, up to and including the trip speed of the
driver, the vibration shall not exceed 150 % of the maximum value recorded at the maximum continuous speed.

6.9.3.8 Variable-speed pumps shall operate over their specified speed range without exceeding the vibration
limits of this International Standard.
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6.9.4 Balancing

6.9.4.1 Impellers, balancing drums and simiiar major rotating components shall be dynamically balanced fo
180 1840-1, grade G2.5. The mass of the arbour used for balancing shall not exceed the mass of the component
being balanced. Shafts are not required to be balanced. For single-stage BB1 and BB2 pump rolors with
interference fit components, the vender may choose o balance the assembled rotor (in accordance with 9.2.4.2)
instead of balancing major rotating components individually.

6.9.4.2 Component balancing may be singite-plane if the ratio D/b (see Figure 35) is 6,0 or greater.

b b
[
;ﬂ L—-J
¢ - ) b
& I —_—
© (—\‘-’—N—‘"—w—-JF‘”— g -h-———--'*"-“u___,-:mw - -
a} Single-suction impeller b} Double-suction impeller
LI
3 i b o
o !___ﬁ__ ............... —
L) [ —
¢) Thrust collar d) Balancing drum
Key
b width
D diameter
Figure 35 -— Rotating component dimensions
to determine if single-plane balancing is aliowable
6.9.4.3 Rotor balancing shall be performed as required in the specific pump clauses.
& 6944 If specified, impellers, balancing drums and similar rotating components shall be dynammally

balanced to 1SC 1940-1, grade G1 (equivaient to 4#/n in USC terminology).
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tn USC units, where the symbol ¥ is used for mass, unbalance is expressed in Equation (2}:
U=KW/n (2)
where

U s the unbalance per plane, expressed in ounce-inches;

K Is a constant;

W is the component mass (for components), expressed in pounds; or the load per balancing machine
journal {for rotors), expressed in pounds,

n s the rotational speed of the pump, expressed in revolutions per minute,

KWir is a balance tolerance denominated solely in USC units. In International Standards, unbalance is expressed
as a batance quality grade of ISC 1940-1. Each of the 1SO balance quality grades covers a range of unbalance.

The nominal equivalent USC unit limits given throughout this International Standard correspond approximately to
the midpoint of the 1SO range.

With modern balancing machines, it is feasible to balance components mounted on their arbours to U=4Win
{USC units) (nominally equivalent to 15O grade G1), or even lower depending upon the mass of the assembly,
and to verify the unbalance of the assembly with a residual unbalance check. However, the mass eccentricity, e,
associated with unbalance less than U= 8W/n (USC units} (nominally equivalent to 1SO grade (G2.5) is so small
[e.g. U=4Win (USC uniis) gives ¢ = 0,000 070 in for an assembly intended to run at 3 600 r/min] that it cannot he

maintained if the assembly is dismantled and remade. Balance grades below G2.5 (8Win) (USC units) are,
therefore, not repeatable for components.

6.10 Bearings and bearing housings

6.10.1 Bearings

® 6.10.1.1 Each shaft shall be supported by two radial bearings and one double-acting axial (thrust) bearing

which might or might not be combined with one of the radial bearings. Bearings shall be one of the following
arrangements:

- rolling-element radial and thrust,
— hydrodynamic radial and roliing-element thrust;
— hydrodynamic radial and thrust.

Unless otherwise specified, the bearing type and arrangement shall be selected in accordance with the limitations
in Table 10.

8.10.1.2  Thrust bearings shall be sized for continuous operation under all specified conditions, inciuding
maximum differential pressure and comply with the following.

a) Allloads shall be determined at design internal clearances and also at twice design internal clearances.

b) Thrust forces for flexible metal-element coupiings shall be caiculated on the basis of the maximum allowable
deflection permitted by the coupling manufacturer.

i a sleeve-bearing motor {without a thrust bearing) is directly connected to the pump shaft with a coupling,
the coupling-transmitted thrust shall be assumed to be the maximum motor thrust.

¢) In addition to thrust from the roior and any internal gear reactions due to the most exireme allowable

conditions, the axial force transmitted through flexible couplings shail be considered a part of the duty of an
thrust bearing. :

d) Thrust bearings shall provide full-load capabilities if the pump's normat direction of rotation is reversed.
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6.10.1.2  Single-row, deep-groove ball bearings shall have a radial internal clearance in accordance with
SO 57563 Group 3 [larger than “N” (Normal) internal clearance]. Single- or double-row bearings shall not have
filling siots. Non-metallic cages shall not be used. Greater internat clearances can reduce the temperature rise of
the lubricant. However, vibration velocities can be increased with greater clearances. The vendor shall ensure that

the values for temperature rise (6.10.2.4) and vibration (6.8.3.6) meet the reguirements of this International
Standard.

NOTE For the purpose of this provision, ANSI/ABMA 20 Group 3 is equivalent to 1SO 5753 Group 2.

6.10.1.4 Ball thrust bearings shall be of the paired, single-row, 40° (0,7 rad) angular contact type
(7 000 series) with machined brass cages. Non-metallic cages shail not be used. Pressed steel cages may be
used if approved by the purchaser. Unless otherwise specified, bearings shall be mounted in a paired
arrangement installed hack-fo-back. The need for bearing clearance or preload shall be determined by the vendor
to suit the application and meet the bearing life requirements of this International Standard.

NOTE There are appiications where alternative bearing arrangements can be preferabie, particularly where bearings
operate continuously with minimal axial loads.

6.10.1.5 Rolling-element bearing fife (basic rating life, Lo, for each bearing or bearing pair) shall be
calculated in accordance with 150 281 and be equivalent to at least 25 000 h with continuous operation at rated
conditions, and at least 16 000 h at maximum radial and axial loads and rated speed.

NOTE 1 150 281 defines basic rating life, Ly, in units of miilions of reveiutions. Industry practice is to convert this to hours
and to refer to it as Ly,

NOTE 2  Forthe purpose of this provision, ANSHABMA 8 is equivalent to ISO 281,
® 6.10.1.6 Bearing system life (the calcuiated life of the combined systern of bearings in the pump) shall be

equivalent to at least 25 000 h with continucus operation at rated conditiens, and at least 16 000 h at maximum
radial and axial loads and rated speed. The system life shall be calculated as given in Equation (3}

327723

32 3/2
L1n,system 4 Yiwgna =+ Vigone =+ Yigony | (3)
-

where

Ligna 18 the basic rating life, L, in accordance with 130 281 for bearing A,
Liong IS the basic rating life, Ly, in accordance with 1SO 281 for bearing B;
Lignyw 18 the basic rating life, Ly, in accordance with ISO 281 for bearing &V,
N is the number of bearings.

if specified, the bearing system life calcuiations shall be furnished. See Clause K.2 for a discussion of bearing
system life.

NOTE A bearing system L, life of 25000 h and 16 000 h requires that the L, life of each individual bearing be
significantly higher.

6.10.1.7 if loads exceed the capability of paired, angular-contact bearings as described in 6.10.1.5, alternative
roliing-element arrangements may be proposed.

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

ay Bearings shall be retained on the shaft with an interference fit and fitted into the housing with a diametral
cleararnce, both in accordance with ANSVABMA 7.

b) Bearings shall be mounted directly on the shaft. Bearing carriers are acceptable only with purchaser approval,
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¢} Bearings shall be located on the shaft using shoulders, collars or other positive locating devices. Snap rings
and spring-type washers are not acceptable.

d) The device used to lock thrust bearings o shafts shall be restricted o a nut with a tongue-type lock washer.

NOTE This subclause applies ic all roling-element bearings, including both ball and rolier types. For certain roller
bearings, such as cylindrical rofler types with separable races, bearing-housing diametral clearance might not be appropriate.

£.10.2 Bearing housings

6.10.21 Bearing housings shall be arranged so that bearings can be replaced without disturbing pump drives
or mountings.

® 6.10.2.2 Bearing housings for oil-lubticated non-pressure-fed bearings shall be provided with threaded and
plugged fill and drain openings of at ieast DN 15 (NPS 1/2). The housings shali be eguipped with constant-level
sight feed oilers at jeast 1,2 di (4 1l 0z) in volume, with a positive level positioner (not an external screw), heat-
resistant glass containers and protective wire cages. Means shall be provided, such as a bulls-eye or an overfill
plug, for detecting overfilling of the housings. A permanent indication of the proper oil level shall be accurately
located and clearly marked on the outside of the bearing housing with permanent metal tags, marks inscribed in
the castings, or other durablie means. The sight glass (bulls-eye} shall be located such that the proper oil level
elavation 15 at the midpoint (at 50 % up or down the viewing area). The purchaser shall specify if a particular model
of oiler is required.

6.10.2.3  Bearing housings for pressure-lubricated hydrodynamic bearings shall be arranged to minimize
foaming. The drain system shall be adequate to maintain the oil and foam leve! below shaft end seals.

6.10.24  Sufficient cooling, including an allowance for fouling, shall be provided to maintain oil and bearing

temperatures as follows, based on the gpecified operating conditions and an ambient temperature of 43 °C
(110 °F):

a} for pressurized systems, oil outlet temperature below 70 °C (160 °F) and bearing metal temperatures (if
bearing-temperature sensors are supplied) less than 93 °C (200 °F); during shop testing, and under the most
adverse specified operating conditions, the bearing-oil temperature rise shall not exceed 28 K (50 °R);

by for ring-ciled or splash systems, an oil-sump temperature below 82 °C (180 °F); during shop iesting, the
sump oil temperature rise shall not exceed 40 K (70 °R) above the ambient temperature in the test cell
measured at the time of each reading and (if bearing-temperature sensors are supplied) outer ring
temperatures shail not exceed 93 °C (200 °F).

NOTE Pumps equipped with ring-olled or splash lubrication systems normally do not reach temperature stabilization

during performance fests of short duration and sometimes not even in 4 h fests. Temperature-stabilization testing is addressed
in8.34.2.1.
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Table 10 — Bearing selection

Condition Bearing type and arrangement

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

and
Pumgp energy density below limit
Radiai bearing speed or life outside limits for rolling-element Hydrodynamic radiai and roliing-element thrust
bearings or

and Mydrodynamic radial and thrust
Thrust bearing speed and life within limits

and

Pump energy density below limit

Radial and thrust bearing speed or life outside limits for Hydrodynamic radial and thrust
roliing-elemant bearings

or
Pump energy density above limit

Limits are as follows:

&) Roliing-element bearing speed: For all bearing types, the bearing manufacturer's published nominal speed
limitations shall not be exceeded. For ball bearings, factor ndy, for individual bearings shail not exceed 500 000 for
oif iubricated and 350 000 for grease lubricated bearings
where

dy, I8 the mean bearing diameter [(d + D)/2)], expressed in millimetres;

r is the rotational speed, expressed in revolutions per minute.
NOTE1  The bearing tempersture limits in 6.10.2.4 can limit nd,, factors to even lower values,
NOTE 2  Roller and spherical bearings generaily have fower speed limitations than ball bearings.

b} Roling-element bearing life shall be determined in accordance with 6.10.1.5 0r6.10.1 86,

¢) Hydrodynamic radial and thrust bearings shall be used if the energy density [i.e. the product of pump rated powar,
KW {hp), and rated speed, rfmin}is 4,0 x 105 kWimin (5,4 x 108 hp/min) or greater.

6.10.2.5  If water coocling is required, cooling coils are preferred. The coils (including fittings} shall be of non-
ferrous material or austenitic stainless steel and shail have no internal pressure joints. Tubing or pipe shall have a
minimum thickness of 1,0 mm (0,040 in) and shall be at least 12 mm (0,50 in} outside diameter. Water jackets, if
used, shall have only external connections between upper and lower housing jackets and shali have neither
gasketed nor threaded connection joints, which can ailow water to leak into the oil reservoir. Water jackets shaii
he designed to coal the oif rather than the outer bearing ring.

NOTE Cooling the outer ring can reduce bearing internal clearance and cause bearing failure.

6.10.2.6  Bearing housings for rolling-element bearings shalf be designed to prevent contamination by moisture,
dust and other foreign matter. This sha'll be achieved without the requirement for external service, for example air
purge. Bearing housings shall be equipped with replaceable iabyrinth-type or magnetic-type end seais and
deflectors where the shaft passes through the housing. Lip-type seals shall not be used. The seals and defiectors
shall be made of spark-resistant materials. The design of the seals and defiectors shall effectively retain ol in the
housing and prevent entry of foreign material into the housing.

NQTE Many users consider pure afuminium and aluminium alloys with a maximum content of 2 % magnesium or 0,2 %
copper, all copper, and copper-basaed alloys (e.g. brass, bronze) {o be spark-resistant. However, local standards, such as
EN 13483-1, might not allow aluminium or non-metallic materiais within potentially explosive atmospheres.

Copyright Amerioan Peirolsum institute

Providad by [HS under license with APt
b reproduction or petworking parmitted without icense from tHS

Sold . TEBODIN MIDDLE EAST LIMITED, Wi087520
Not for Resate,2011/51 14:43:43 OMT




80 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL (GAS INDUSTRIES

6.10.2.7 I oll-mist lubrication is specified. the requirements of 6.10.2.7.1 or 6.10.2.7.2 shall apply.

6.10,2.7.1 For pure oil-mist tubrication, bearings and bearing housings shall meet the foliowing requirements.

a) A threaded 6 mm (NPS 1/4) oil-mist inlet connection shall be provided on the housing or end cover for each of
the spaces between the rofling element bearing or bearing set and the bearing housing end seal.

b) Oii-mist fitting connections shall be located so that ol mist can flow through rolling element bearings.

NOTE  Reclassifiers and oii-mist fittings are normally installed in the field.

¢) Qif rings or flingers and constant-level oilers shall not be provided, and a mark indicating the oil level is not
required.

d) Drain-back and any other (feed hole) oil passages in the bearing housing shaii be plugged o prevent the ol

mist from bypassing the bearings(s).
e) Water coocling systems shall not be provided.

NOTE Al process operating temperatures above 300 °C (570 °F), bearing housings with pure oil-mist lubrication can
require special features 10 reduce heating of the bearing races by heat transfer. Typical features are

— heat sink type flingers;

- stainless steel shafts having low thermal conductivity,
-~ thermal barriers;

- fan cooling;

—  purge oil-mist lubrication {in place of pure oll mist) with oil {sump) cooling.

6.10.2.7.2 For purge oii-mist lubrication, bearings and bearing housings shall meet the following requirements in
a) to d) below.

a) A threaded 6 mm or 12 mm (NPS 1/4 or 1/2) oil-mist connection shall be located In the top half of the bearing
housing o act also as a vent-and-fill connection.

b} Constani-level oilers shall be provided, and a mark indicating the oll level is required on the bearing housing.
Bearing lubrication is by a conventional oil bath, flinger or oil ring system.

c) Constant-level sight feed cilers shall be equipped with cverflow control to allow excess coalesced oil from the

mist system to drain from the bearing housing so that oil level in the sump is maintained at proper level. The
oil shall be contained io prevent it from draining onto the baseplate.

d) Constant-level sight feed oilers shall be piped so that they operate at the internal pressure of the bearing
housing, do not vent excess mist at the bearing housing, or allow oil to drip to the baseplate.

6.10.2.7.3 For both pure and purge mist applications, a drain connection shali be located on the bottom of the
bearing housing fo provide complete oil drainage (see 6.10.2.7.5).

6.10.2.7.4 Shielded or sealed bearings shall not be used in conjunction with either pure or purge oil-mist
sysiems.

6.10.2.7.5 The oil-mist supply, reclassifier{s) and drain fiting shall be provided by the purchaser. Unless
otherwise specified, directional reclassifiers, if required, shall be provided by the machine manufacturer.

6.10.2.8 Housings for ring ocil-lubricated bearings shall be provided with (plugged) poris positioned to allow
visual inspection of the oif rings while the pump is running.
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6.10.2.8  All bearing housings shall be dimpled at the locations shown on Figures 31 through 33 to facilitate
consistent-vibration measurements. The dimples shalt be suitable for accurate location of a hand-heid vibration
transducer with an extension "wand”. Dimpies shall be either cast or machined and shall be nominally 2 mm
(0,080 in) deep with an included angle of 120°.

® 6.10.2.10 [f specified, bearing housings shall have a threaded connection(s) for permanently mounting vibration
fransducers in accordance with ANSUAP| Std 670. If metric fasieners are supplied, the threads shall be
M8 x 1,25. See Figures 31 through 33.

& 6710211 If specified, a fiat surface at least 26 mm (1 in) in diameter shall be suppfied for the location of
magnetic-based vibration-measuring equipment.

® 6.10.2.12 The purchaser shall specify whether synthetic oil shall be used. If specified, the purchaser shall
specify the oil type. The vendor shall ensure that bearing-housing internal paint, if used, is compatible with the
specified oil.

6.11 Lubrication

6.11.1 Unless otherwise specified, bearings and bearing housings shall be designed for oit lubrication using a
mineral (hydrocarbon) oil.

6.11.2 The operation and maintenance manual shall describe how the lubrication system circulates oil.

@ 6.11.3 If specified, provisions shall be made for either pure oil or purge oil-mist jubrication (see 6.10.2.7 for
requirements).

® 6.11.4 If specified, rolling-element bearings shall be grease-lubricated in accordance with the following.

a) Grease life (re-lubrication interval) shall be estimated using the method recommended by the bearing
manufacturer or an aliernative method approved by the purchaser.

by Grease lubrication shall not be used if the estimated grease life is less than 2 000 h.

c) if the estimated grease life is 2 000 h or greater but less than 25 000 h, provision shall be made for re-
greasing the bearings in service and for the effective discharge of old or excess grease, and the vendor shall
advise the purchaser of the required re-greasing interval.

d) [f the estimated grease life is 25 000 h or more, grease nippies or any other system for the addition of grease
in service shall not be fitted. '

6.12 Materials
6.12.1 General

& G.12.1.1 The purchaser shall specify the material class for pump parts. Table G.1 provides a guide showing
material classes that can be appropriate for various services. Alternative materials recommended for the service
by the vendor, including material that can improve life and performance in service, may aiso be included in the
proposal and fisted on the final data sheets.

6.12.1.2 The material specification of all components listed in Table H.1 shall be clearly stated in the vendor's
proposal. Materials shall be identified by reference to applicable International Standards, including the material
grade (Tables H.2 and H.3 may be used for guidance). if International Standard materials are not available,
internationaily recognized national or other standards may be used. If no such designations are available, the
vendor's material specification, giving physical properties, chemicai composition and test requirements, shall be
included in the proposal.

6.12.1.3 The material specification of all gaskets and O-rings exposed to the pumped liquid shali be identified --

in the proposal. O-rings shall be selected and their application limited in accordance with SO 21049,
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6.12.1.4  Pump parts having strength or pressure-integrity requirements are designated as “full compliance”
materials in Table H.1 and shall meet all the reguirements of the agreed specifications. For any other part (e.g. if
corrosion resistance is the primary concern), i is necessary to comply only with the specified chemical
composition. Auxiliary piping materials are covered in 7.5.

® B6121.5 The vendor shall specify the optional tests and inspection procedures that are necessary to ensure
that materials are satisfactory for the service. The purchaser shall specify if any additional tests and inspections
are required, especially for materials used for components or in services considered critical by the purchaser.
Purchaser-specified test and inspection requirements should be identified in the “remarks” section of the data
sheets {Annex N).

6.12.1.6 Pump materials shall be in accordance with Table H.1. Cast iron construction (Class -1 or 1-2 in
Table M.1) may be offered only for services with a maximum aliowable gauge working pressure not exceeding
1725 kPa (17,25 bar; 250 psi) (see 6.3.5).

6.12.1.7 If austenitic stainiess steei parts exposed to conditions that can promote intergranular corrosion are
fabricated, hard-faced, overlaid or repaired by welding, they shall be made of fow-carbon or stabilized grades.

NOTE Overlays or hard surfaces thai coniain more than 0,10 % carbon can sensitize both low-carbon and stabitized
grades of austenitic siainless steel uniess a buffer layer that is not sensitive to intergranuiar corrosion is applied.

& 61218 If specified, the vendor shall furnish material cerificates that include chemical analysis and
mechanical properties for the heats from which the material is suppiied for pressure-containing castings and

forgings, impellers and shafts. Unless otherwise specified, piping nipples, auxiliary piping components, and bolting
are excluded from this requirement.

® 6.12.1.9 The purchaser shall specify any erosive or corrosive agents (including trace quantities) present in the'

process liquids and in the site environment, including constituents that can cause stress-corrosion cracking or
attack elastomers.

NOTE 1 Typical agenis of concern are hydrogen sulfide, amines, chlorides, bromides, iodides, cyanides, fuorides,
naphthenic acid and polythionic acid. Other agents affecting elastomer seiection include ketones, ethylene oxide, sodium
hydroxide, methanol, benzene and solvents.

NOTE 2  If chlorides are present in the pumped {iquid in a concentration above 10 mg/kg (10 ppm), it is necessary to use
caution when applying stainless steel.

8 6.12.1.10 If specified, coatings of a type agreed between the purchaser and the vendor shall be applied fo
impellers and other wetted parts to minimize erosion or to improve efficiency. If coatings are applied to rotating
components, the acceptance balance shall be petformed after coatings have been applied. The sequence of
procedures for balancing and coating of rotating components shall be agreed between the purchaser and the
vendor. The “remarks” section of the data sheets (see Annex N) should be used for stating these coating
requirements.

Rotating parts should be balanced before coating in order to minimize balance corrections to coated areas. By
minimizing the area o be recoated, a final correction after coating repair might not be required.

6.12.1.11 If mating parts, such as studs and nuts of austenitic stainless steei or materials with similar gailing
tendencies, are used, they shall be lubricated with an anti-seizure compound compatible with the material(s) and
specified process liquid(s).

NOTE The forque loading vaiues required to achieve the necessary preload can vary considerably depending upon the
thread fubricant.

& 6.12.1.12 The purchaser shall specify the amount of wet H,S that can be present, considering normai
operation, start-up, shutdown, idie standby, upsets, or unusual operating conditions such as catalyst regeneration,

- In many appiications, small amounts of wet H,S are sufficient to require materials resistant-to sulfide stress-
corrosion cracking. If trace quantities of wet H,S are known to be present or if there is any uncertainty about the
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amount of wet H,S that can be present, the purchaser should consider specifying that reduced-hardness
materials are required.

® 6.12.1.12.1 The purchaser shall specify if reduced-hardness materials are required.

6.12.1.12.2 If reduced-hardness materials are specified in 6.12.1.12.1, they shall be supplied in accordance with
NACE MRO103.

NOTE NACE MRO103 applied to oil refineries, LNG plants and chemica! plants. NACE MRO1C3 applies io materials
potentially subject to sulfide stress-corrosion cracking.

® G6.12.1.12.3 If specified, reduced-hardness materiais shall be supplied in accordance with 1SO 15156-1.
NOTE 1 For the purposes of this provision, ANSI/NACE MRO0175 is eqguivalent to 1SO 15156-1.

NOTE2 {80 15186 {(all paris}, which is the equivalent of ANSI/NACE MRO175, applies to material potentially subject to
suffide and chloride stress-corrasion cracking in ol and gas production facilities and natural gas swestening plants,

6.12.1.12.4 If reduced-hardness materials are specified, ferrous material not covered by NACE MR0103 or
[SC 16156-1 (ANSI/NACE MRQ175) shall have a yield strength not exceeding 620 N/mm<2 (90 000 psi) and a
hardness not exceeding HRC 22. Compoenents that are fabricated by welding shall be postweld heat-treated,, if
required, so that both the welds and heat-affected zones meet the yield strength and hardness requirements,

NOTE For the purposes of this provision, ANSYNACE MRO175 is equivalent to 1SO 15156-1,

6.12.1.12.5 if reduced hardness materials are specified, the following components, as a minimum, shall haige
reduced hardness; . :

a) pressure casing;

b) shafting {inciuding wetted shaft nuts);

c) pressure-refaining mechanical seal compeonents (excluding the seal ring and mating ring);
dj wetted boiting;

e} bowls.

DCouble-casing-pump inner-casing parts that are in compression, such as diffusers, are not considered pressure-
casing parts.

& G.12.1.12.6 Renewable impeller wear rings that it is necessary to through-harden above HRC 22 for proper pump
operation shall not be used if reduced-hardness materials are specified. Impellers may be provided with either
hard-coated or surface-hardened integral wear surfaces or renewable wear rings. If approved by the purchaser, in
lieu of furnishing renewable wear rings, wear surfaces may be surface-hardened ar hardened by the application of
a suitable coating.

6.12.1.13 Low carbon steels can be notch-sensitive and be susceptible to brittle fracture, even at ambient
(room) temperatures. Therefore, only fully killed, normalized steels made to fine~grain practice shall be used.

6.12.1.14 If dissimilar materials with significantly different electrochemical potentials are placed in contact in the
presence of an electrolytic solution, galvanic couples can be created that can result in sericus corrosion of the
less noble material. The vendor shall select materials to aveid conditions that can resuit in galvanic corrosion.
Where such conditions cannot be avoided, the purchaser and the vendor shall agree on the material selection and
any other precautions necessary. See NACE Corrosion Engineer's Reference
Book 189 for one source for sefection of suitabie materials in these situations.
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6.12.1.15 Bearing housings, load-carrying bearing housing covers and brackets between the pump casings or
heads and the bearing housings shall be steel except for pumps constructed in accordance with Table H.1,

Ciasses I-1 or I-2. Driver supports for vertical pumps that utilize thrust bearings in the driver to support the shaft
shall be steel.

6.12.2 Castings

6.12.2.1 Surfaces of castings shall be cleaned by sandblasting, shot blasting, chemical cleaning or any other
standard method fo meet the visual requirements of MSS SP-55. Mouild-parting fins and remains of gates and
risers shall be chipped, filed or ground flush.

6.12.2.2 The use of chaplets in pressure castings shall be held to a minimum. The chaplets shall be clean and

corrosion-free (piating is permitted), and of a composition compatible with the casting. Chaplets shali not be used
in impelier castings.

6.12.2.3 Ferrous pressure boundary and impeller castings shall not be repaired by welding, peening, piugging,
burning in or impregnating, excent as affowed by the following,

a) Weldable grades of steel castings may be repaired by welding in accordance with 6.12.3. Weld repairs shall
be inspected according to the same guality standard used to inspect the casting.

b) Iron castings may be repaired by plugging within the limits of the applicable material specification. The holes
drilled for plugs shall be carefully examined, using liquid penetrant, io ensure that all defective material has

been removed. All repairs that are not covered by material specifications shall be subject to the purchaser's
approval.

6.12.24  Fully enciosed, cored voids that become fully enclosed by methods such as plugging, welding or
assembly shall not be used.

& 61225 If specified, for casting repairs made in the vendor's shop, repair procedures including weld maps
shall be submitted for purchaser's approval. The purchaser shall specify if approval is required before proceeding

with repair. Repairs made at the foundry level shall be cantrolied by the casting maierial specification {“producing
specification”).

6.12.2.6 Pressure-containing castings of carbon steel shall be furnished in the normalized and tempered or
guenched and tempered condition.

6.12.3 Welding

& 61231 Welding and weld repairs shall be performed by aperators and in accordance with procedures
gualified to the requirements of Table 11. Alternative standards may be proposed by the vendor for the
purchaser's approval. The welding and material inspection data sheet in Annex N may be used for this purpose.

Table 11 - Welding requirements

Reqguirement Applicable code or standard
Welder/operator qualification ASME BPVC IX or 180 9608 {all parts)
Weiding procedure gualification Applicable material specification or, where weld procedures are

not covered by the material specification, 1SC 15509 (all parts),
ASME BPVC IX or ANSHASME B31.3

Non-pressure-retaining structural welding, such as 180 10721-2
baseplates or supports

Magnetic-particie or liquid-penetrant examination of | ASME BPVC VIiI, Division 1, UG-93(d)}34)
the plate edges

Ppst-weld heat-treatment Applicable materiai specification, EN 13445-4, ASME BPVC VIII,
Division 1, UW 40, or ANSVASME B31.3

P_\'f)st-weid heat-treatment of casing fabrication welds | Applicable material specification, EN 13445-4, or
: T ASME BPVC Viil, Division 1
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NOTE For the purpose of this provision, ANSYAWS D1.1/D1.1M is equivalent to 180 10721-2.

6.12.3.2  The vendor shall be responsible for the review of all repairs and repair welds to ensure they are

properly heat-treated and non-destructively examined for soundness and compliance with the applicable qualified
procedures (see §.12.3.1 and 8.2.2.1).

6.12.3.3 Pressure-containing casings made of wrought materials or combinations of wrought and cast

materials shall conform to the conditions specified in a) through d) as follows. These requirements do not apply to
casing nozzies and auxiliary connections; see 6.12.3.4,

a) Accessible surfaces of welds shall be inspected by magnetic-particle or liguid-penetrant examination after
back chipping or gouging and again after post-weld heat-treatment or, for austenitic stainless steels, after
solution annealing.

by Pressure-containing welds, including welds of the casing to axial-joint and radial-joint flanges, shall be fuli-
penetration welds.

¢) M dimensional stability of such a casing component is required for the integrity of pump operation, then post-
weld heat-treatment shall be performed regardless of thickness.

d)

Plate edges shail be inspected by magnetic-patticle or liquid-penetrant examination as required by
internationally recognized standards, such as ASME BPVC, Section Vill, Division 1, UG-93 {d)(3).

6.12.34  Connections welded to pressure casings shall be installed as specified in a) through ) as follows.

a) Attachment of suction and discharge nozzles shali be by means of full-fusion, full-penetration welds using
welding neck flanges. Dissimitar metal weldments shall not be used.

by Auxiliary piping welided to alloy steei casings shall be of a material with the same nominat propeities as the
casing material or shall be of low-carbon austenitic stainless steel. Other materiats compatible with the casing
material and intended service may be used with the purchaset's approval.

c) Postweld heat-treatment, if required, shall be carried out after all welds, including piping welds, have been
completed.

d) if specified, proposed connection designs shall be submitted to the purchaser for approval before fabrication.
The drawing shall show weld designs, size, materials, and pre-weld and post-weid heat-treatments.

e)

Suction and discharge nozzle welds shali be inspected by magnetic-particle or liquid-penetrant examination
after back chipping or gouging and again after post-weld heat-treatment or, for austenitic stainless steels,

after solution annealing. The purchaser shall specify if the following additional examinations shall be
performed:

1) magnetic-particle or liquid-penetrant examination of auxiliary connection weids;
2) ultrasonic or radiographic examination of any casing welds.

6.12.4 Low-temperature service

6.12.4.1 The purchaser shall specify the minimum design metal temperature to which the pump will be
subjected in service. This temperature shall be used to establish impact test requirements. Normally, this is the
iower of the minimum surrounding ambient temperature or minimum liguid pumping temperaiure. However, the

purchaser may specify a minimum design metal temperature based on pump liguid properties, such as auto
refrigeration at reduced pressures.
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81242  To avoid brittle failures, materials of construction for low-temperature service shall be suitable for the
minimum design metal temperature in accordance with the codes and other requirements specified. The

purchaser and the vendor shall agree on any special precautions necessary, with regards to condifions that can
cccur during operation, maintenance, transportation, erection, commissioning and testing.

The suitability of a materiai for application at temperatures below the ductiie-britfle transition temperature is
affected by the selection of fabrication methods and welding procedures. The published design-aliowable stresses
for metallic materials in internationally recognized standards, such as the ASME BPVC and ANS! standards, are
based on minimum tensile properties. Some standards do not differentiate between rimmed, semi-killed, fully
killed hot-rolled and normalized material, nor do they take into account whether materials were produced under
fine- or course-grain practices. The vendor should, therefore, exercise caulion in the selection of materials,
fabrication methods and welding procedures for parts intended for services beiow 40 °C (100 °F).

® 61243 The purchaser shall specify whether EN 13445 {all parts) or ASME BPVC, Section VIil, Division 1,
shali apply with regard to impact-{esting requirements,

6.12.4.4

The governing thickness used to determine impact-testing reguirements shall be the greater of the
following:

a) nominal thickness of the largest butt-welded joint;
b) largest nominal section for pressure containment, excluding:

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

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

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

¢} one-fourth of the nominal flange thickness, including parting flange thickness for axially split casings (n
recognition that the predominant flange stress is not a membrane stress).

6.1245  if ASME BPVC, Section Vi1, Division 1, is specified (see §.12.4.3), the following shall apply.

a) All pressure-retaining steels applied at a specified minimum design metal temperature beiow ~-30 °C (-20 °F)

shall have a Charpy V-notch impact test of the base metal and the weid joint unless they are exempt in
accordance with ASME BPVC, Section Viil, Division 1, UHA-51.

by Carbon steel and low-alloy steel pressure-retaining parts applied at a specified minimum design metal
temperature between —-30 °C (20 °F) and 40 °C (100 °F} shali require impact testing as foliows.

Impact testing is not required for parts with a governing thickness of 25 mm {1 in) or less.

— lmpact iesting exemptions for parts with & governing thickness greater than 25 mm {1in) shail be
established in accordance with ASME BPVC, Section V|, Division 1, UCS-66. Minimum design metai
temperature without impact testing may be reduced as shown in Figure UCS-86.1. If the material is not

exempt, Charpy V-notch impact test results shall meet the minimum impaci energy requirements of
ASME BPVC, Section VilI, Division 1, UG-84.

5.13 Mameplates and rotation arrows

6.13.1 A namepiate shall be securely attached at a readily visible location on the equipment and on any other
maijor piece of auxiiiary equipment.
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6.13.2 The nameplate shall be stamped with the following information, in units consistent with the data sheet:
a) purchaser's item number;

b) vendor's size and model number;
¢) pump serial number;

d) rated flow,

e} rated head;

f) casing hydrostatic test pressure;
g) speed

h) manufacturer's bearing identification numbers {if applicable);

iy maximum allowable working pressure (MAWP);
By temperature basis for MAWP.

6.13.3 in addition to being stamped on the nameplate, the pump seriai number shalf be plainly and permanently
marked on the pump casing.

6.13.4 Rotation armows shall be cast in or attached to each major item of rotating equipment at a readily visible
location.

6.13.5 Nameplates and rotation arrows (if attached) shall be of austenitic stainless steel or of nickel-copper alloy
[equivalent to Monel5)]. Aftachment pins shall be of the same material as the namepiate or rotation arrow.
Welding is not permitted as an attachment method.

T Accessories
7.1 Drivers

741 The driver shall be sized to meet the maximum specified operating conditions, including bearing,
mechanical seal, external gear, and coupiing losses, as applicabie, and shall be in accordance with the applicable
specifications, as stated in the inquiry specification, data sheets and order. The driver shali be suitable for
satisfactory operation under the utifity and site conditions specified.

7.1.2 The driver shall be sized to accommodate specified process variations such as changes in pressure,
temperature, or properties of the liquid handled, as well as specified special plant start-up conditions.

7.1.3  Uniess otherwise specified, for drive-train components that have a mass greater than 225 kg (500 Ib), the
equipment feet shall be provided with vertical jackscrews.

7.1.4 Motors shall have nameplate power ratings, excluding the service factor (if any), at least equai to the
percentages of power at pump rated conditions given in Table 12. However, the power at rated conditions shall
not exceed the motor namepiate rating. The smallest acceptable motor power rating to be supplied is 4 kW (5 hp).
If it appears that this procedure leads to unnecessary cversizing of the motor, an alternative proposal shall be
submitted for the purchaser's approval.

15} Monei™™ is an example of a suitable product avaitable commercially. This infermation is given for the convenience of users
of this Internaticnal Standard and does not constitute an endarsement by-AREISO of this product.
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Table 12 — Power ratings for motor drives

Motor nameplate rating Percentage of rated pump power
kW hp Yo
<22 < 30 125
2210 55 30075 115
> 55 > 7% 110

& 7.1.5 The purchaser shall specify the type of motor, its characteristics and the accessories, including the

following:

a) electrical characteristics;
b)

¢) type of enclosure;

d} sound pressure level;
e}

Y type of insulation;

gy required service factor,
k)

i} {ransmission losses;

)

k) vibration accepiance criteria,
f

7.1.6

starting conditions (including the expected voltage drop on starting);

area classification, based on [EC 60079 or AP RP 500:;

ambient temperature and elevation above sea levei;

temperature detectors, vibration sensors and heaters, if these are required;

apphcability of IEC 80034-1, {EC 60034-2-1, ANSIHAPI Std 541; API Std 547 or IEEE 841.

voltage against a ciosed discharge valve.

Uniess otherwise specified, the motor shall be capable of accelerating the pump to rated speed at 80 %

Some pumps are equipped with bypasses, in which case alternative starting conditions should be used.

TA7

Unless ctherwise specified, motors for vertical pumps shail have solid shafts, If the pump thrust bearings

are in the motor, the motors shall meet the shaft and base tolerances shown in Figure 36.
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a
b

c

C@

NS
Shaft-to-driver mating face perpendicularity and surface flatness. 25 pum (0,001 in} TIR
Maximum shaft runout with rotor rotating freely. 25 pm (0,001 in) TIR
Maximum axial fioat. 125 pm (0,005 in} TIR

Al measurements shall be taken with the assembled driver in the verticai position.

Figure 36 — Vertical pump drivers — Tolerances required for the driver shaft and base

7.1.8 Bearings in the drive systems designed for radial or axial lcads transmitted from the pump shall meet the
following requirements.

a)

D)

c)

e)

Roiling element bearings shall be selected to give a basic rating life; in accordance with 1SO 281, equivalent
to at least 25 000 h with continuous operation at pump rated conditions.

Rolling element bearings shall be selected fo give a basic rating life equivalent to at ieast 16 000 h when
carrying the maximum ioads (radial or axial or both) imposed with internal pump clearances at twice the
design values and when operating at any point between minimum continuous stable flow and rated flow.
Vertical motors of 750 kW (1 000 hp) and targer that are equipped with spherical or taper roller bearings may
have less than 16 000 h iife at worst condifions {0 avoid skidding in normal operation. In such cases, the
vendor shall state the shorter design life in the proposat.

For vertical motors and right-angle gears, the thrust bearing shali be in the non-drive end and shail limit axial
float to 125 um (0,005 in).

Single-row, deep-groove ball bearings shall have radial internal clearance in accordance with 1SO 5753

Group 3 {larger than “N” (Normal) internal clearance]. Single- or double-row bearings shall not have filling
slots.

Thrust bearings shaill be designed to carry the maximum thrust that the pump can develop while stariing,
stopping or operating at any flowrate.

Hydrodynamic thrust bearings shall be selected at no more than 50 % of the bearing manufacturer's rating at
twice the pump internal clearances specified in 6.7.4.

7.1.8 Unless otherwise specified, sieam turbine drivers shall conform to ANSUAPI Std 611. Steam turbine
drivers shall be sized to deliver continuousiy 110 % of the pump rated power at normal steam conditions.

7.1.10 Unless otherwise specified, gears shall conform o API Std 677.
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7.2 Couplings and guards

7.21 Unless otherwise specified, couplings and guards between drivers and driven egquipment shall be
suppiied and mounted by the vendor with unit responsibility.

7.2.2 Unless otherwise specified, all-metal fiexible element, spacer-type couplings manufactured in accordance
with AGMA 8000 Ciass 9 shail be provided. Additionally, couplings shall comply with the following.

a) Flexible elements shall be of corrosion-resistant material.

b) Couplings shall be designed to positively retain the spacer if a flexible element ruptures.

NCTE 4  The use of bolt heads or flexible element fasteners alone to retain the spacer if a flexibie membrane ruptures might
not provide adequate support because fhey are subject to wear if and when failure occurs.

¢)  Coupling hubs shall be steel,

d) The distance between the pump and driver shaft ends (distance between shaft ends, or DBSE) shali be
greater than the seal cartridge length for all pumps other than OH type or at least 125 mm (5 in) and shall
permit removal of the coupling, bearing housing, bearings, seal and rofor, as applicable, without disturbing
the driver, driver coupling hub, pump coupling hub or the suction and discharge piping. For Types BB and VS
pumps, this dimension, DBSE, shall always be greater than the total seal length, [, listed in Table 7, and shall
be included on the pump data sheet (Annex N).

NOTE2  The DBSE dimension usually corresponds fo the nominal coupling spacer length.

e) Provision shall be' made for the attachment of alignment equipment without the requirement to remove the
spacer or dismanile the coupling in any way.

NOTE 3 One way of achieving this is 0 provide at least 25 mm (1 in) of bare shaft between the coupling hub and the
bearing housing where alighment brackets can be iocated.

f) Couplings operating at speeds in excess of 3 800 r/min shall meet the requirements of 1SOC 10441 or
ANSHAP! Std 871/1SO 10441 for compornent batancing and assembly balance check.

& 7.2.3 If specified, couplings shall be balanced to 180 1940-1, grade G6.3.

® 7.24 |f specified, couplings shall meet the requiremenis of (30 14681, IS0 10441 or
ANSUAP! Std 871430 10441,

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

7.2.6 Flexible couplings shall be keyed to the shaft. Keys, keyways and fits shall conform to AGMA 8002,
Commercial Class. Shaft coupling keyways shall be cut to accommodate a rectangular cross section key. Sled-
runner type keys and keyways shall not be provided. Keys shall be fabricated and fitted to minimize unbalance.

7.2.7 Couplings and coupling 1o shaft junctures shall be rated for at least the maximum driver power, inciuding
the driver service factor.

728 For shaft diameters greater than 60 mm (2,5 in} and if it is necessary to remove the coupling hub to
service the mechanical seal, the hub shall be mounted with a taper fit. The coupling fit taper for keyed couplings
shail be 1in 16 [60 mmim (0,75 in/fi), diametral]. Other mounting methods and tapers shail be agreed upon by the

purchaser and the vendor. Coupling hubs with cyfindrical bores may be supplied with slip fits to the shaft and set
screws that bear on the key.

. Appropriate assembiy and maintenance procedures should be used fo assure that taper fit couplings have an

interference fit. Slip fits on cylindrical bores aillow adjustment of the coupling axial position in the field without
application of heat.
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7.29 Coupling hubs designed for interference fits to the shaft shall be furnished with tapped puller holes at
least 10 mm (0,38 in) in diameter {0 aid in removal.

& 7.2.10 If specified, couplings shall be fitted hydraulically.

& T7.211 If specified, couplings shall be fitted with a proprietary clamping device. Acceptable ctamping devices may
include fapered bushes, frictional locking assemblies and shrink discs. The vender responsible for the final
machining of the hub bores shall select a suitable rating/size device to suit the coupling and the application.

Care should be exercised in the selection of these devices, as some are not inherently self-centring and may
introduce eccentricity and unbalance into the coupling assembly. This effect shall be evaluated and aliowed for
when determining coupling potential unbalance.

7.2.12 If the vendor is not required to mount the driver, the fuily machined half-coupling shall be delivered to the

driver manufacturer's plant or any other designated tocation, together with the necessary instructions for mounting
the half-coupling on the driver shaft.

7.213 Each coupling shall have a coupling guard that is removable without disturbing the coupled eiements.
Each coupling guard shall meet the following requirements:

a) enclose the coupling and the shafts to prevent personnel from contacting moving parts during operation of

the equipment train; allowable access dimensions shall comply with specified standards, such as 1SO 14120,
EN 953 or ANSI/AMT B15.1;

by be constructed with sufficient stiffness (rigidity) to withstand a 900 N (200 Ibf) static point load in any direction
without the guard contacting moving parts;

c) be fabricated from shesat (solid or perforated), piate, or expanded metal; any cpenings shali conform o
180 14120, EN 953 or ANSI/AMT B15.1, but in no case shall exceed 10 mm (0,375 in); guards of woven wire
shall not be used;

d) be constructed of steei, brass, aluminium or non-metallic (polymer) materials, as suitable;

® 7.2.14 | specified, coupling guards shall be construcied of an agreed spark-resistant material (see 6.10.2.6,
note).

& 7.2.15 If specified for coupling guards with potentially explosive atrnospheres, an “ignition hazard assessmenf”
{risk analysis) in accordance with EN 13463-1 shail be conducted and a suitable report provided.

7.3 Baseplates

® 7.3.1 Single-piece drain-rim or drain-pan baseplates shall be furnished for horizontal pumps. The purchaser
shall specify the rim or pan type as follows:

a) drain rim surrounding the entire baseplate,
b) drain pan surrounding the entire baseplate;
¢y partial drain pan that covers the entire width of the basepiate.

The rim or pan of the basepiate shall be sloped at least 1 in 120 towards the pump end, where a tapped draqn
opening of at least DN 5C (NPS 2) shall be located to effect complete drainage.
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7.3.2 The baseplate shall extend under the pump and drive-irain compoenents so that any leakage is contained
within the baseplate. To minimize accidental damage to components, all pipe ioinis and pipe flange faces,
inciuding pump suction and discharge flanges, shail be within the drain-pan or drain-rim coliection area. All other
projections of the equipment supplied shall fall within the maximum perimeter of the baseplate. Oversized junction
boxes may overhang the perimeter of the baseplate with the purchaser's approval.

7.3.3 If driver and pump size permit, baseplates shall have standardized dimensions as given in Annex D and
shall be designed for grouting. These baseplates shall be referred to as “Standard baseplates, numbers 0,5 to 127

7.3.4 The height of the pump-shaft centreline above the baseplate shall be minimized. Adequate ciearance
shall be provided between the casing drain connection and the baseplate so that drain piping the same size as
the connection can be installed without the use of a street (male-female) etbow.

® 7.35 Mounting pads shall be provided for the pump and all drive-train components, such as motors and gears.
The pads shall be larger than the foot of the mounted equipment, including extra width of shims under drive-train
components, to allow leveling of the baseplate without removal of the equipment. The pads shall be fully

machined flat and paraltel. Corresponding surfaces shall be in the same plane within 150 umim (0,002 in/ft) of
distance between the pads.

if specified, this requirement shall be demanstrated in the pump-vendor's shop prior to mounting of the equipment
and with the baseplate supported at the foundation bolt holes only. This demonstration can be performed oniy
when the clamps are released in the milling machine after completion of machining.

Installed baseplate flatness can be affected by transportation, handling and instaliation procedures beyond the
vendor's scope. Instaliation practices in AP} RP 686 should be followed.

@ 7.3.6 All pads for drive-train components shall be machined to allow for the installation of shims at least 3 mm
{0,12 in) thick under each component. If the vendor mounts the components, a set of stainless stee! shims {(shim
packs) at least 3 mm (0,12 in) thick shall be furnished. Shim packs shall not be thicker than 13 mm (0,5 in) nor
contain more than 5 shims. Ali shim packs shall straddle the hoid-down boits and vertical jackscrews, and extend
at least 5 mm (i/4in) beyond the ouler edges of the equipment feet. if the vendor does not mount the
components, the pads shall not be drilled and shims shali not be provided. Shims shall not be used under the
pump.

if specified, in addition to shim packs, a stainless steel spacer plate of not less than 5 mm (0,200 in) thickness,
machined on both sides, and of the same length and width as the specific mounting feet, shall be furnished and
installed under all equipment feet, including the pump, driver, and any speed increaser or reducer.

7.3.7 Al joints, including deck plate to structural members, shail be continuously seal-welded on both sides to
prevent crevice corrosion. Stitch weiding, top or bottom, is unacceptable.

7.3.8  The bottom of the baseplate between structural members shall be open if the baseplate is designed to be
installed and grouted to & concrete foundation. Accessibility shall be provided for grouting under all load-carrying
members, The bottom of the baseplate shall be in one plane to permit use of a single level foundation.

7.3.9 The underside of fabricated baseplates beneath the pump and driver supports shall be weided fo
reinforcing cross-members, and the members shall be shaped to lock positively into the grout,

7.3.10 All basepiates shail be provided with at least one grout hole having a clear arza of at least 125 cm?
{19 in?) and no dimension tess than 75 mm (3 in} in each bulkhead section. These holes shall be located to permit
filling the entire cavily under the baseplate without creating air pockets. if practical, the holes shall be accessible
for grouting with the pumg and driver instalied on the baseplate. Grout holes in the drip pan area shall have
13 mm (G,5 in) raised lip edges. If the holes are located in an area where liquids can impinge on the exposed
grout, metallic covers with a minimum thickness of 1,5 mm (0,06 in, 16 gauge) shall be provided. Vent holes at
least 13 mm (0,5 in) in diameter shall be provided af the highest point in each bulkhead section of the baseplate.

7.3.11 The outside comers of the baseplate in contact with the grout shall have at least 50 mm (2 in) radii in the
plan view (see Figure D.1). . e
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7.3.12 Unless otherwise specified, the vendor shall commercially sand-blast, in accordance with iSO 8501
Grade Sa2 or SSPC SP 6, all grout contact surfaces of the baseplate, and coat those surfaces with a primer
compatible with epoxy grout,

Grouts other than epoxy can require aliernative surface preparation. Full bond-strength of epoxy s not generally
necessary (7.3.8).

& 7.3.13 If specified, the baseplate and pedestal support assembly shall be sufficiently rigid to be mounted without
grouting.

& 7.3.14 if specified, the basepiate shall be supplied without & deck plate, i.e. open deck design.

7.3.15 The basepiate shall be provided with lifting lugs for at least a four-point lift, Lifting the basepiate, complete
with all equipment mounted, shall not permanently distort or otherwise damage the baseplate or the machinery
mounted on i.

7.3.16 Lifting lugs attached to the equipment shall be designed using a maximum allowabie stress of one-third of
the specified minimum yield strength of the material.

7.3.17 Transverse and axiai alignment positioning jackscrews shall be provided for drive-train components
having a mass greater that 225 kg (500 Ib) to facilitate transverse horizontal and longitudinal adjustments. The
tugs holding these positioning screws shall be attached to the baseplate so that the iugs do not interfere with the
installation or removal of the component. These screws shall be at least M12 (1/2"-13). To prevent distortion,
machining of mounting pads shall be deferred until welding on the baseplate in close proximity to the maunting
pads has been completed.

7.3.18 Vertical levelling screws shall be provided on the outside perimeter of the baseplate adjacent to each
anchor bolt to minimize distortion during the process of installation and to carry the weight of the baseplate, pump,
and drive-train components without excessive defiection.

7.3.18 The vendor shall provide for sufficient anchor bolting to withstand nozzle reaction forces during pump
start-up and operation.

Anchar holts are in the purchaser’s scope.

7.3.20 To minimize misalignment of the pump and driver shafts due to piping load effects, the pump and its
baseplate shall be constructed with sufficient structural sfiffness to limit displacement of the pump shaft at the
drive end of the shaft or at the register fit of the coupling hub {o the values shown in Table 13. These values are
the acceptance criteria for the nozzle load test in 7.3.21. Grout shall not be used as a means of obtaining the
required stiffness during this test.

It is recognized that grout can significantly increase the stiffness of the baseplate assembily; by neglecting this
effect, the adequacy of the baseplate can easily be verified at the vendor's shop. It is aiso noted that thermal
growth, piping fabrication errers, and alignment error all confribute to the aciual deflection values achieved in the
field. Adherence to the nozzie load values in Table 5 limits the total deflection at the pump and drive shaft ends to
approximately 250 um (0,010 in) (see Annex F).

® T7.3.21 [f specified, the vendor shafl test to demonstrate that the pump and its baseplate assembily, anchored at
foundation bolt hole locations, are in compliance with 7.3.20. The pump casing shall be subjected to moments
My. and Mz, appiied to either nozzle, but not both, such that the corresponding shaft displacements can be
measured and recorded. My, and Mz, shall not be applied simuitanecusly to either nozzle. The shaft
displacement measurements shall be absolute (not relative to the baseplate). For record purposes, the vendor's
test data shait include a schematic drawing of test set-up, the caiculated moment loads (My, and Mz}, and the
applied moment ioads and their corresponding displacements at the drive end of the pump shaft.
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Table 13 — Stiffness test acceptance criteria

Baseplate intended for grouting Baseplate not intended for grouting
Loading condition Pump shaft displacement Pump shaft displacement Direction
pm {in) Hm {in)
Mg 175 (0,007) 125 (0,005) +Z
My 75{0,003) 50 {0,002) -

My and Mz, equal the sum of the aliowable suction and discharge nezzle moments from Table 5.

Mye = {My)suction + (MY‘Jcéischarge

Mze = (M7} suction + (MZ) discharge

7.4 Instrumentation

741 Gauges

® |f fumished, temperature indicators and pressure gauges shall be in accordance with SO 10438 (afi parts).
NOTE For the purpose of this provision, APl Std 614 is equivalent io 1SC 10438 (all parts).

7.4.2 Vibration, position and temperature detectors

& 7421 If specified, accelerometers shall be supplied, installed and tested in accordance with
ANSI/API Std 670, :

® 7422 if specified for equipment with hydrodynamic bearings, provision shall be made for mounting two
radial-vibration probes in each bearing housing, two axial-position probes at the thrust end of each machine, and
a one-event-per-revolution probe in each machine. The purchaser shall specify whether detectors shall be

supplied. The deteciors and their mounting and calibration shall be supplied, installed and tested in accordance
with ANSI/API Std 670.

@ 7423 if specified, hydrodynamic thrust and radial bearings shall be fitted with bearing metal temperature
detectors. If pressure-lubricated hydrodynamic thrust and radial bearings are supplied with temperature detectors,

the detectors and their mouniing and calibration shall be suppiied, instailed and tested in accordance with
ANSIAPI Std 670,

® 7424 If specified, monitors with cables connecting to vibration, axial-position or temperaiure deiectors shall
be supplied and/or installed in accordance with ANSI/AP| Std 670.

7.5 Piping and appurienances

7.5.1 General

7.5.1.1 Piping shall be in accordance with 1ISO 10438 (all parts).

7.5.1.2 Auxiliary systems are defined as piping systems that are in the following services:
a) auxifiary process liquids;

b) steam;

¢) cooling water,;

d} lubricating cil (see 8.2.8), S

Auxiliary system materials shall be in accordance with Table H.4.
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NOTE Auxiliary connections are discussed in 6.4.3.

7.5.1.3 The piping systems shall be fully assembled and installed. if this requirement causes difficulty in
shipping and handling, alternative arrangements are acceptable with purchaser approval.

7514 If specified, barrier/buffer fuid reservoirs shall be designed for mounting off the pump baseplate and

shall be shipped separately. These reservoirs shall be fully assembied, except that the fluid-circulation tubing shall
riot be suppiied.

7.5.1.5 The vendor shali furnish and locate all piping systems, including mounted appurienances, within the
confines of the baseplaie.

7.5.1.6 if specified, each piping system shall be manifoided to a singie purchaser's inlet or outlet connection
near the edge and within the confines of the baseplate.

NOTE The data sheet aliows selection of this option for vent, cooling water and drain connections.

7.51.7 The bolting requirements of 6.1.30 apply to the connection of auxiliary piping to the equipment.
Flange fasteners on stainless sfeel piping systems in {ubricating oil service need not be stainless steei unless
specified. i the purchaser does not specify siainless sieel fasteners, they shall be low-alioy steel (e.g.
ASTM A193/A193M, Grade B7) and the purchaser shall specify whether they shall be coated (such as by PTFE
coating or galvanizing in accordance with iSO 10684 or ASTM A153/A153M) or painted.

7518 Plugs shall comply with 6.4.3.11.
7.5.2 Auxiliary process liquid piping

7.5.2.1 Auxiliary process-liquid piping includes vent lines, drain lines, balance lines, product flushing lines
and fines for injection of external fluid.

7.5.2.2 Piping components shall have a pressure-temperature rating at least equal to MAWP of the pump
casing, but in no case less than 1SO 7005 PN50 (ASME Class 300) flange at ambient temperature (6.3.5).

7.5.2.3 Piping and componenis subject o the process liguid shall have a corrosion/erosion resistance equal
to or better than that of the casing. Otherwise, all components shali be steel

7.52.4 Orifice openings shall not be less than 3 mm (0,12 in) in diameter. Orifice hole size shall be stamped
on the orifice plate. The purchaser shall specify orifice tagging or labelling requirements.

7.5.2.5 Drain vaives and a drain manifold shail be supplied for pumps that require more than cne drain
connection. The drain manifold shall be inside the drain pan limits.

Drain vaives are not required for pumps that can be drained with one drain connection. The vendor shall provide
space on the baseplate for a purchaser-supplied drain valve inside the pump drain pan or drain rim.

7.5.2.6 Unless valves are specified, threaded vent and drain connections shall be plugged. Carbon sieel
piugs shall be used with cast iron casings.
7.5.2.7

If heating or cooling is provided, each exchanger component shail be suitable for the process liguid
and cooling water to which it is exposed.

7528 The purchaser shall specify where flanges are reguired in place of socket-welded unions. With

purchaser approval, socket-welded unicns may be used in place of flanges at the first connection from the seal
gland.

NOTE Threaded conneclions are allowed on gland connections (see 6.4.3.11). If the remainder of the piping arrangement
is flanged, repeated assembly and disassembly can oversiress this threaded connection, since adjustment is possible oniy in
90° increments. Socket-welded unions supplied in stainiess steel tend 1o leak afier repeated assembly and disassembly.

7.5.2.9 Threaded piping joints may be used only on seal glands, instrumentation connections and for pumps
of cast iron construction (Class -1 or 1-2 in Table HoAy e
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7.5.2.10 Transmitters and pressure gauges shall have block-and-bleed valves.

7.5.3 Cooling-waier piping

7.5.3.1 The arrangement of cooling-water piping shall conform to Figures B.2 to B.7, as applicabie,
7.5.3.2 The cooling-water piping shall be designed for the conditions in 6.1.20.

7.6 Special tools

7.6.1 if special tools and fixtures are required to disassembie, assemble, or maintain the unit, they shatl be
included in the quotation and furnished as part of the initial supply of the machine. For multipte-unit instaliafions,
the requirerments for quantities of special tools and fixtures shall be agreed upon by the purchaser and the vendor,
These or similar special tools shall be used during shop assembily and post-test disassembiy of the equipment.

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

8 Inspection, testing, and preparation for shipment
8.1 General
® 8.1.1 The purchaser shall specify the extent of his participation in the inspection and testing.

a) If shop inspection and tesiing have been specified, the purchaser and the vendor shall coordinate
manufacturing hold points and inspector's visits.

b) The expected dates of testing shall be communicated at teast 30 days in advance and the actual dates
confirmed as agreed. Unless otherwise agreed, the vendor shall give at least five working days advanced
notification of a witnessed or observed inspection or test.

For smaller pumps where set-up and test time is short, five days notice may require the removal of the pump
from the test stand between preliminary and withess tests.

All witnessed inspections and tests are hold points. For observed tests, the purchaser should expect to be in
the factory longer than for a witnessed test.

c) If specified, witnessed mechanical and performance tests shall require a written notification of a successful
preliminary test. The vendor and purchaser shall agree whather or not to maintain the machine test set-up or
whether the machine can be removed from the test stand between the preliminary and withessed tests.

Many purchasers prefer not to have preliminary tesis prior to witnessed tests, in order to understand any
difficulties encountered during testing. if this is the case, purchasers shouid make it clear to the vendor.

8.1.2 The vendor shall notify sub-vendors of the purchaser's inspection and {esting requirements.

8.1.3 After advance notification fo the vendor by the purchaser, the purchaser's representative shall have

reasonable access to all vender and sub-vendor plants where manufacturing, testing or ingpection of the

equipment is in progress. The level of access shali be agreed upon.

8.1.4 Equipment, materials and utilities for the specified inspections and tests shaif be provided by the vendor.
® B8.1.5 |fspecified, the purchaser's representative, the vendor's representative, or both, shall indicate compliance

in accordance with an inspector's checklist such as that provided in Annex E by initialling, daiing and submitting

the completed checklist to the purchaser before shipment.

8.1.6 The purchaser's representative shall have access to the vendor's quality programme for review.
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8.2 Inspection
8.21 General
& 8211 The vendor shall keep the foliowing data available for at ieast 20 years:
a) necessary or specified certification of materials, such as mill test reporis;
by test data and resulis to verify that the requirements of the specification have been met;
¢) if specified, details of all repairs and records of all heat-treatment performed as part of a repair procedure;
d) results of quality control tests and inspections;

&) as-built running clearances;

f) other data specified by the purchaser or required by applicable codes and regulations (see 10.3.1 and 10.3.2).

8.2.1.2 Pressure-containing parts shall not be painted until the specified inspection and testing of the paris is
complete, %
® 8213 in addition to the requirements of 6.12.1.5, the purchaser may specify the foliowing:

a) parts that shall be subjected to surface and subsurface examinations;

by type of examination required, such as magnetic-particle, liquid-penefrant, radiographic and ultrasonic
examinations. :

8.21.4 All preliminary running tests and mechanicat checks shall be compieted by the vendor before the
putrchaser's final inspection. ‘

8.2.2 Pressure-casing materials inspection

8.2.2.1 Unless otherwise specified, pressure-casing materials shall be ingpected in accordance with the
reguiremenis of Table 4.

NOTE Although the pump is designed to meet specific pressure and temperature requirements and the casing is
hydrostatically tested in accordance with the requitements of this International Standard, this alone does not guarantee that
the material is of a suitable quality for the service. Casting quality can be affected by considerable variations in material
processing. Material standards, such as ASTM, provide minimum requirements for the material itself, but castings can be
subject to areas of shrinkage, gas porosity, hot tears, sand inclusions, improper weld repairs, etc. in addition, some materials

are prone o grain boundary tears or cracks that can propagate under in-service stresses caused by temperature, pressure,
vibration and pipe strain.

Cepyright American Patraleum Hstitule
Pravided by tHS under license with APL

Sold to TERBODIN MIDBLE EAST LIMITED, W1i087520
Mo reproduction o nebworking permitled withou! lisenss fram iHS

Mot for Resale, 209H5/1 14:43:43 GWT



78 CENTRIFUGAL PuMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES
Table 14 — Pressure casing material inspection requirements
Type of Requirements by inspection class®
component
P | I it
o Minimum > 80 % MAWP and > 200 °C < 0,5 8G
(392 °F) or
> 200 °C {392 °F) and < 0,7 SG,
or
> 260 °C (500 °F)
Extremely hazardous services®
Casingb: cast VI V1, plus MT or PT of critical areas VI, plus MY or PT of critical
areas, pius RT or UT of critical
areas
Casing® wrought® Vi VI, pius MT or PT of critical areas | VI, plus MT or PT (critical areas),
pius UT {critical areas)
Nozzle weid: casing VI, plus 100 % MT or VI, plus 100 % MT or PT VI, plus 100 % MT or
PT PT plus RT (100 %)
Auxiliary connection Vi VI, plus MT er PT VI, plus MT or PT (100 %)
we)ds®
Infernals Vi Vi Vi
Aukxiliary process piping: Vi VI, plus 100 % MT or PT V1, plus 100 % MT or PT
scckef-welded
Auxiliary process piping: VI, plus 5 % RT Vi, plus 100 % MT or ‘ VI, pius 100 % MT or
butt-welded PTand 5 % RT E PTand 10 % RT
a8  Definition of abbreviations:
Vi Visual inspection RT: Radiographic inspection
MT; Magnetic particle inspection UT: Ukrasonic examination
PT.  Liguid penetrant inspection
b “Casing” includes all items of the pressure boundary of the finished pump casing (e.g. the casing itself and other paris, such as
nozzles, fianges, eic, attached to the casing). “Critical areas” are inlet nozzde locations, oullet nozzle locations and casing wail thickness
changes. The manufacturer shall submit details of the critical areas proposed to receive MT/PT/RT/UT inspection for purchaser's
approval.
S "Wrought” materials include forgings, plate and tubular products.
4 Due to complex geometry and thickness variations, it is not practicai to RT butt-welded auxiliary casing connections.
€ Extremely hazardous services, as specified by the purchaser.
8222 For double-casing pumps, the outer casing pressureftemperature should be used to determine the

inspection class of the outer casting (see 8.2.2.1). The inner casing should be inspected to Class | (Table 14).

8.2.2.3 The timing of the inspections required by Tabie 14 shall be as follows.

a)

b)

¢

VINMT/PT shali be performed after final heat treatment in the proof (rough) machined condition. In the proof
{rough} machined condition, an additional amount of material remains on areas where machining fo critical
dimensions and folerances is required. The additional amount of material removed shall not exceed 1 mm
{0,040 in) material stock or 5 % of minimum aliowable wall thickness, whichever is less.

RT/UJT of castings shall be performed after finai heat treatment.

RT of welds and UT of wrought material and welds shall be performed after final heat treatment. UT of
wrought material shall be performed prior to any machining operations that can interfere with the UT
examination.

8.2.2.4 Where the configuration of a casting makes radiography. impossible, radiographic examination may
be replaced by ultrasonic testing. '
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8.225 Uniess otherwise specified, inspection methods and acceptance criteria shall be in accordance with
those in Table 15 as required by the material specification. if additional radiographic, ultrasonic, magnetic-particle
or liquid-penetrant examination of the welds or materais is specified by the purchaser, the methods and
acceptance criteria shall also be in accordance with the standards shown in Table 15. Alternative standards may
be proposed by the vendor or specified by the purchaser. The welding and material inspection data sheet in

Annex N may be used for this purpose.

8.2.2.6

appurtenances furnished by or through the vendor before assembily.

B.2.2.7

upen by the purchaser and the vendor.

Table 15 - Materials inspection standards

If specified, the purchaser may inspect for cleanliness of the equipment and all piping and

if specified, the hardness of parts, welds and heat-affected zones shall be verified as being within the
allowable values by testing. The method, extent, documentation and witnessing of the iesting shall be agreed

Type of inspection

Methods

Acceptance criteria

For fabrications

For castings

Radiography

ASME BPVC, Section V,
Articles 2 and 22

ASME BPVC, Section VIII,
Division 1, UW-51 (for
100 % radiography) and
UW-52 (for spot
radiography}

ASME BPVC, Secticn VI,
Division 1, Appendix 7

Ultrasanic inspection

ASME BPVC, Section V,
Articies 5 and 23

ASME BPVC, Section Vill,
Division 1, Appendix 12

ASME BPVC, Section Vill,
Division 1, Appendix 7

Liguid-penetrant inspection

ASME BPVC, Section V,
Articles 6 and 24

ASME BPVC, Section Vil
Division 1, Appendix &

ASME BPVC, Section Vi,
Division 1, Appendix 7

Magnetic-particlte inspection

ASME BPVC, Section V,
Articles 7 and 25

ASME BPVC, Section Vill,
Division 1, Appendix &

ASME BPVC, Section Vilt,
Division 1, Appendix 7

Visual Inspection

ASME BPVC, Saction V,

in accordance with the

MSS §P-55

(&}l surfaces) Article @ material specification and
the manufacturer's

documented procedures

@ 38228 If specified, pressure boundary paris of alloy materials shall be subject to posifive material
identification (PM!) using recognized testing methods, instrumentation and standards. The purchaser and vendor
shall agree on the specific paris tested, procedures used and acceptance criteria. Only techniques providing
quantitative results shall be used. Mill test reports, material composition certificates, visual stamps or markings
shall not be considered subsfitutes for PMI testing.

NOTE PMI is not available to differentiate between grades of carbon steeis.

8.3 Tesiing
8.3.1 General

& 8.3.1.1 If specified, at least six weeks before the first scheduled running test, the vendor shall submit to the
purchaser, for his review and comment, detailed procedures for all running tests and all specified optional tests
{8.3.4). The test procedure shall include the actual measurement uncertainty of all data used in the calculation of
flow, head and power as well as all acceptance criteria.

8.3.1.2 Performance and NPSH tests shall be conducted using the methods and uncertainty requirements of
180 8906 grade 1, ANSIHI 1.6 (for centrifugal pumps) or ANSI/HI 2.6 {for vertical pumps). Performance
toterances shall be in accordance with Table 46. Evaluation of resuiis shall be in accordance with 8.3.3.3 b).
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8.3.1.3 Mechanical seals shall not be used during the hydrostatic test but shali be used during all running or
performance tests.

8.3.2 Hydrostatic test
8.3.2.1 The intent of & hydrostatic test of a centrifugal pump casing is to ensure that the design and

construction of the pump pressure containing components and joinis are leak-free from ambient conditions to the
maximum operation condifions defined on ihe data sheet.

8.3.2.2 All pressure-casing components shall be hydrostatically tested as assembiies. The test shall be
conducted with liquid at a minimum of 1,5 times the maximum allowable working pressure, MAWP,

8.3.2.3 The test set-up and/or apparatus shall not provide stiffening that improves the integrity of any joint.
8.3.24 Gaskets used during hydrostatic testing of an assembled pressure casing, less seal glands, shall be

of the same design as those supplied with the pump and shall be installed without sealant.

8.3.2.5 The test liquid shall be af a temperature higher than the nil-ductility transition temperature of the
material being tested.

® B8.3.2.6 Ifthe parl tesied will operate at a temperature at which the strength of 2 material is below the strength of
that material at the testing temperature, the hydrostatic test pressure shali be muttiplied by a factor obtained by
dividing the allowable working stress for the material at the testing temperature by that at the rated operating
temperature. The stress values used shall be determined in accordance with 6.3.4. For piping, the stress shall
conform to 150 15649 or ASME B31.3, as specified. The pressure thus obtained shall then be the minimum
pressure at which the hydrostatic test shall be performed. The data sheets shall list actual hydrostatic test
pressures.

8.3.2.7 The hydrostatic test liquid shall include a wetting agent to reduce surface tension if one or more of the
following conditions exists.

a) The liguid pumped has a relative density (specific gravity) of less than 0,7 at the pumping temperature.
b) The pumping temperature is higher than 280 °C (500 °F).

¢) The casing is cast from a new or aitered pattern.

d) The materials are known to have poor castability.

3.3.2.8 The chioride content of liquids used to test ausienitic stainless steel materials shall not exceed
50 mg/kg (50 ppmy). To prevent deposition of chiorides as a result of evaporative drying, all residual liquid shall be
removed from the tested parts at the conciusion of the test,

NOTE Chloride content is limited in order to prevent stress-corrosion cracking.

8.3.2.9 Hydrostatic testing is permitted without the seal-gland piate or removable seal chamber instalied. The
mechanical sea! shall not be inciuded in the hydrostatic test of the pump case. Gland piates and removabie seai
chambers shall be {ested as specified in 180 21048, Seal chambers that are integral with fhe pump are not
considered removable.

NOTE For the purposes of this provision, ANSUAP! Std 682/1SO 21048, is equivalent to 1ISO 21048,

8.3.2.10  Austenitic or dupiex stainless steel pressure-casing components may be hydrostatically tested in the
proof (rough) machined condition. See 8.2.2.3.

Any areas that are machined after hydrostatic testing shall be identified on the hydrotest report.

NOTE Because of the residual stresses resulting from final liquid quenching and reiatively low proportional limits inherent
in these materials, smail amounts of permanent deformaton can occur at critical dimensions during hydrostatic testing. By
allowing & small dtfount of material to remain at these criical areas during hydrostatic testing, the necessity to add material by
welding to restore close-tolerance dimensicns after hydrofest is avoided.
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8.3.2.11  Tests shall be maintained for a sufficient period of time to permit complete examination of parts under
pressure. The hydrostatic test shall be considered satisfactory if neither leaks nor seepage through the pressure-
containing parts and joints occur within 30 min. Large, heavy, pressure-containing parts can require a longer
testing period as agreed upon by the purchaser and the vendor. Seepage past iniernal closures required for
testing of segmented cases and operation of a test pump to maintain pressure are acceptable,

8.3.2.12  Double-casing pumps, horizontal muitistage pumps, integral-gear pumps (as described in 6.3.6}, and
other special-design pumps as approved by the purchaser may be segmentally tested. Seepage past internal
closures required for testing of segmented cases and operation of a test pump to maintain pressure is accep‘fabié

8.3.2.13  Piping systems fabricated by welding shall be hydrostatically tested. Testing and siress levels shall
be in accordance with 1SO 15649 or ANSVASME 831.3 as specified.

NOTE It is not necessary to hydrostatically iest piping systems assembled with tubing or threaded connections aftér
assambly,

8.3.2.14 Unless otherwise specified, single-stage overhung-pump casing components with a radial joint (mean
gasket diameter) 610 mm (24 in) in diameter or iess may be hydrostatically tested as components or
subassembiies provided that joint design integrity has been proven by qualification testing for the specific size of
pump and pressure rating in question.

8.3.2.15  Cooling passages and components, including jackets for bearings, seal chambers, off coolers and
seal coolers, shall be tested at a minimum gauge pressure of 1 000 kPa (10 bar; 150 psi).

8.3.2.16  Steam, cooling-water and fubricating-oil piping, if fabricated by welding, shall be tested at 1,5 times
maximum operating gauge pressure or 1 050 kPa (10,5 bar; 150 psi), whichever is greater,

8.3.3 Performance test
8.3.3.1 Uniless otherwise specified, each pump shail be given a performance test.

® B8.332 The following requirements of a) through i) shall be met while the pump is operating on the test stand
and before the performance {est is performed.

&) The contract seals and bearings shail be used in the pump for the performance test.

b) i approved by the purchaser, substitute seais may be used during the performance test if needed to prevent
damage to the contract seals or if the contract seals are not compatible with the test liquid. See
180 210456:2004, 10.3.5.

c) The seal (or seals) shall not have a leakage rate during any phase of the pump performance {est that is in
excess of that specified in ISO 21049:2004, A 1.3, or as otherwise agreed by the vendor and purchaser. Any
unaccepiabie leakage during the pump performance test requires a disassembly and repair to the seal. if the
seal is disassembled or removed, the seai shall be retested with an air test of the pump using the criteria
defined in 8.3.3.7 d).

When the pump is on the test stand and water is used as the test liquid, liquid seals suitable for testing on
water shall exhibit no visible signs of leakage. ISO 21048:2004, A.1.3, should be reviewed o confirm that a
zero-visible-leakage criterion is appropriate for the seals being tested. Notably, pressurized dual seals with
high barrier-fluid pressures [greater than 4 000 kPa (40 bar; 600 psi)] should be reviewed.

NOTE For the purpose of this provision, ANSHAP! Std 682/80 21048, is equivalent io 18O 21048,

d) If specified, seal leakage during test shall require the assembled pump and seal to be rerun to demonstrate
satisfactory seal performance.

e} All lubricating-oil pressures, viscosities and temperatures shall be within the range of operating values
recommended in the vendor's oparating instructions for the specified unit being {ested.

f)y Bearings specified as normally lubricated from a pure oil-mist system shall be pre-lubrscated prior fo
performance {esting using a suitable hydrocarbon oil,
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All joints and connections shall be checked for tightness and any leaks shall be corrected.

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

Unless otherwise agreed, performance tests shall be performed using water at a temperature not exceeding
55 °C (130 °F).

& §3.33 Unless otherwise specified, the performance test shall be conducted as specified in a) through e} as
follows.

a)

b)

¢)

d)

The vendor shall take test data, including head, fiowrate, power and vibration at a minimum of five points.
These points will normally be

1} shutoff (no vibration data required),

2} minimum continuous stable flow (beginning of allowable operating region),

3} Dbetween 95 % and 99 % of rated flow,

4) between rated flow and 105 % of rated fiow,

5) approximately the best efficiency flow (if rated flow is not within 5 % of best efficiency flowrate),

8) end of alfowable operating region.

The test data shall be fit to a spline or appropriate polynomiat (typicaliy third or fourth order) for head and for
power using a least squares method. The rated/guarantee flow shall be inserted into the resulling eguation
and a value for head and power calculated. These values shall be corrected for speed, viscosity and density
{specific gravity}. The corrected values of head and power shafl be within the tolerance bands allowed in

Table 18. :

in the case of high-energy pumps (see 6.1.15), integral-gear and multistage pumps, it mighi not be feasible to
test at shutoff.

Unless otherwise agreed, the test speed shall be within 3 % of the rated speed shown on the pump data
sheet (see example in Annex N). Test results shall be corrected to rated speed.

The vendor shaill maintain a complete, detailed log of all final tests and shall prepare the required number of
copies, certified for correciness. Data shall include test curves and a summary of test performance data
compared to guarantee points (see 10.2.4, 10.3.2.2 and example in Annex M),

If specified, in addition to formal submittal of final data in accordance with 10.3.2.2, curves and test data
{corrected for speed, specific gravity and viscosity) shall be submiited within 24 h after completion of
performance testing for purchaser's engineering review and acceptance prior to shipment.
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Table 16 — Performance tolerances

i Rated poin
Condition 3 point Shf,mﬁ
Yo Yo

Rated differential head:

Omto75m{0fito 250 /) +3 + 109

> 75 m to 300 m (> 250 {t to 1 000 f) 3 + 82

> 300 m {1 G00 ) +3 + 5&
Rated power 4b —
Efficiency <
Rated NPSH 0 e
a8  If arising head flow curve is specified (see 6.1.11), the negative tolerance specified here shall be aliowed only if the test curve still
shows 3z rising characteristic.
P with test resuits corracted to rated conditions {see 8.3.3.3 b)] for flow, speed, density {specific gravity} and viscosity, it is necessary
that the power not exceed 104 % of the rated vaiue, from ail causes (cumulative {olerances are not acceptable).
S The uncertainty of test efficiency by the test code specified is + 2,5 % therefore, efficiency is not included in the pump's rated
performance. in those applications where efficlency is of prime importance to the purchaser, a specific vaiue and related tolerance
should be negotiated at the time of the order (see 8.3.3.4}.

® 8334 For higher-power pumps (> 1 MW), performance tolerances other than those in Table 16 can be
appropriate. If specified, pump efficiency at rated flow shall be quoted to the folerance given by the purchaser and
shali be inciuded in the pump's rated performance. If a tolerance is specified for rated efficiency, an additional {est
point as close to rated flow as practical shali be taken. The rated efficiency and tolerance shall be consistent with
the test code being used, with particuiar attention to the uncertainty of efficiency determined by test to that code.

The purchaser should expect that adding efficiency with 2 specific tolerance to the pump's rated performance
usually affects pump cost and delivery.

@ B8.3.35 During the performance test, the requirements of a) through d) as follows shall be met,

a) Vibration values shall be recorded at each test point except shutoff during the test in accordance with 6 .8.3.2.
Vibration values shall not exceed those given in 6.8.3.6.

b} For ring and splash-oil systems, oif temperatures shail be recorded at the beginning and the end of the test.
For pressurized systems, bearing metal temperatures shall be recorded at the beginning and the end of the
test. The duration of the test shall be indicated on the test report.

c) Pumps shall operate within bearing temperature lmits as defined in 6.10.2.4 and shall not dispiay signs of
unusual operation, such as noise caused by cavitation.

d) When operated at rated speed, pumps shall perform within the telerances given in Table 16 [see 8.3.3.3 b)L.

& 8338 if specified, the performance test shall be conducted with test stand NPSHA confrolied to no more
than 110 % of the NPSHA specified on the data sheet.

NOTE It is the purpose of this fest fo evaluate pump performance with the specified NPSHA at pump suction,

& B8.3.3.7 The requirements of a} through d) as follows shall be met afier the performance test is compieted.
a) Ifitis necessary to dismantle a pump after the performance test for the sole purpose of machining impellers
to meet the tolerances for differential head, no retest is required uniess the reduction in diameter exceeds
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5 % of the originai diameter. The diameter of the impelier at the time of shop test, as well as the final
diameter of the impelier, shall be recorded on a certified shop test curve that shows the operating
characteristics affer the diameter of the impeller has been reduced.

b) If specified, disassembly of muitistage pumps for any head adjustment (including less than 5 % diameter
change) after test, shall be cause for retest.

c} if it is necessary to dismantle a pump for any other correction, such as hydraulic performance, NPSH or
mechanical operation, the initial test shall not be acceptable, and the final performance test shall be run after
the correction is made.

dy f it is necessary to disturb the mechanical seal assembly foliowing the performance test, or if the test seal
faces are replaced with the job seal faces, the final seal assembly shall be airtested as follows:

1) pressurize each sealing section independently with clean air to a test gauge pressure of 172 kPa
(1,72 bar; 25 psi);

2) isolate the test set-up from the pressurizing source and maintain the pressure for a minimum of 5 min, or
5 min per 30 | (1 #3) of test volume, whichever is greater;

3} The maximum allowable pressure drop during the test shall be 14 kPa (0,14 bar; 2 psi).

¢ B8.33.8 Unless otherwise specified, pumps shall not be disassembled after final performance testing. The
pump, including the seal chamber, shafl be drained to the extent practical, filled with a water-displacing inhibitor
within 4 h of testing and redrained.
8.3.4 Optional tests
8.3.41 General

® if specified, the shop tests described in 8.3.4.2 through 8.3.4.7 shall be performed. Test details and required data
(such as vibration and temperature data) shall be agreed upon by the purchaser and the vendor prior to
conducting the tests.

8.3.4.2 Mechanical run test

® §3.4.21 [f specified, the pump shall be run on the test stand at the rated flow until oil temperature stabilization
(6.10.2.4) has been achieved.

& 8.3.4.22 |f specified, the pump shail be mechanically run at the rated fiow for 4 h.
8.3.4.3 NPSH required test
® 8.3.4.3.1 Ifspecified, NPSH3 shali be determined at each test point identified in 8.3.3.3 a) except shut-off.

& 83432 A 3% drop in head {first stage head on pumps with two or more stages) shall be interpreted as
indicating performance impairment, thus the terminology NPSH3. The first-stage head of pumps with two or more
stages shall be measured using a separate connection to the firsi-stage discharge if possible. If this is not
feasible, testing of the first stage only should be considered. With purchaser approval, first-stage head may be
determined by dividing total developed head by the number of stages.
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® B8.34.3.3 The NPSH required test shail determine the actual NPSH required at a 3 % head drop. Unless
ctherwise specified or agreed, curves shail be developed at constant flow by reducing the NPSHA to a point
where the head curves break away from that developed with sufficient NPSHA (8.3.4.3.2) by at least 3 %. The
NPSH required test shall stari with at least the same NPSHA as the performance test and at least twice the
NPSH3 shown on the proposal curve. The first two test points shall not differ by more than the uncertainty of the
head measurement. If the second test point at the same flowrate shows a decrease in differential head then the
NPSHA shall be increased to a value sufficient to establish two consecutive points of eqgual head. The first two
points shall be separated by a minimum of 1 m (3 ft) of NPSHA. These NPSH3 curves shail be developed and
submitted in accordance with Hydraulic institute Standards (ANSUH! 1.8) or 1SO 9806, as specified. The test shall
not proceed beyond a 20 % head breakdown {20 % of firsi-stage head for multisiage pumps).

NOTE If 8.3.3.6 is specified, it is possible that the head has already been affected by insufficient NPSHA, so starting at a
higher NPSHA is desirabie.

8.3.4.3.4 NPSHS3 at the rated point shall not exceed the quoted value (see Tabie 16). Dismantiing fo correct
NPSH3 performance requires a retest (see 8.3.3.7 and 8.3.3.8).

8.3.44 Complete unit test
% 8.34.4.1 If specified, the pump and driver train, complete with all auxiliaries that make up the unit, shall be
tested together. if specified, torsional vibration measurements shall be made to verify the vendor's analysis. The
complete-unit test shall be performed in place of or in addition to separate tests of individual components ~
specified by the purchaser.
8.3.4.4.2 The acceptable vibration limits of each component of the train shall be as per its applicable standards
and specifications, except for reciprocating engines (in this case, limits shall be mutually agreed upon by
purchaser, pump vendor and engine supplier).
8.3.45 Sound level test
& If specified, sound level tests shall be performed as agreed between the purchaser and the vendor.
NOTE 1SO 3740, ISO 3744, and I1SO 3746 may be consulted for guidance.
8.3.4.6 Auxiliary equipment test

& if specified, auxiliary equipment, such as oil systems, gears and control systems, shall be tested in the vendor's
shop. Details of the auxiliary equipment test{s) shall be developed joinfly by the purchaser and the vendor,

8.3.4.7 Bearing-housing rescnance test

# if a resonance test is specified, the bearing housing(s) shall be excited by impact or other suitable means with the
pump unpiped, and the natural frequency(ies} shall be determined from the response. A separation margin shall
exist between the natural frequency{ies) and the foliowing excitation frequencies:
a) multiptes of running speed, expressed in revolutions per minute: 1,0, 2,0; 3.0,

b) multiptes of vane passing frequency: 1,0, 2,0.

Test acceptance criteria shall be agreed upon between the purchaser and the vendor.

Copyright American Patroleum InstitLie
Provided by IMS under licansa with AP Soldt to: TEBODIN MIDDLE EAST LINITED, W1097520
No reproduction of natwarking parmittes without licanse from [HS Mot for Resale,2011/5M1 14:43:43 GMT



86 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

8.4 Preparation for shipment

B.4.1 Unless otherwise specified, equipment shall be prepared for domestic shipment. Domestic shipment
preparation shall make the eguipment suitable for outdeor storage for a period of at least six months with no
disassembly required before operation except possibly inspection of bearings and seals. Preparation for ionger

storage or export shipment is more rigorous and, if specified, shall be provided by the vendor following agreed
procedures.

8.4.2 The equipment shall be prepared for shipment after all testing and inspection has been completed and

the equipment has been released by the purchaser. The preparation shall inciude that specified in 8.4.2.1 through
8.4.29

8.4.2.1 Rotors shall be blocked if necessary. Blocked rotors shall be identified by means of corrosion-
registant tags attached with stainless steel wire.

8.4.2.2 Internal surfaces of bearing housings and carbon-steel oil-systems components shall be coated with
an oil-soluble rust preventive that is compatible with the lubricating oil,

8.4.2.3 Bearing assemblies shall be fully protected from the entry of moisiure and dirt. If vapour-phase
inhibitor crystais in bags are installed in large cavities, the bags shailt be attached in an accessible area for ease of
removal. if applicable, bags shall be instailed in wire cages attached to ftanged covers and bag locations shall be
indicated by corrosion-resistant tags attached with stainless steel wire.

8.4.2.4 Exterior surfaces, except for machined surfaces, shall be given at least one coat of the
manufacturers standard paint. The paint shall not corntain lead or chromates. 1t is not necessary to paint stainiess
steel parts. T_he undersides of baseplates shall be prepared for grout in accordance with 7.3.12.

8.4.2.5 Exterior machined surfaces, except for corrosion-resistant material, shall be coated with a rust
preventive.
8.4.2.6 Flanged openings shall be provided with metal closures at least 5 mm (0,12 in) thick, with elastomeric

gaskets and at least four full-diameter bolts. For studded openings, all nuts required for the intended service shall
be used o secure closures.

8.4.2.7 Threaded cpenings shall be provided with steel caps or steel plugs in accordance with 6.4.3.11.

B8.4.2.8 Openings that have been bevelled for welding shail be provided with closures designed to prevent
entrance of foreigh materials and damage to the bevel,

8.4.2.9 Exposed shafts and shaft couplings shail be wrapped with waterproof, mouldable waxed cioth or
volatile-corrosion inhibitor paper. The seams shail be sealed with oil-proof adhesive tape.

B.4.2 Auxiliary piping connections furished on the purchased equipment shall be impression-stamped or
permanently tagged to agree with the vendor's connection table or general arrangement drawing. Service and

connection designations shali be indicated. Symbols for all pump connecticns, including plugged connections,
shall be in accordance with Annex B.

8.4.4 Lifting points and lifting lugs shall be clearly identified.

8.4.5 The equipment shall be identified with item and serial numbers. Material shipped separately shall be
identified with securely affixed, corrosion-resistant metal tags indicating the item and serial number of the

equipment for which it is intended. Crated equipment shali be shipped with duplicate packing lists, one inside and
one on the outside of the shipping container.

£.4.6 .One copy of the manufacturer's standard installation manual shall be packed and shipped with the
equipment.

8.4.7 fThe vendor shall provide the purchaser with AP RP 888-compliant instructions for the preservation of the
integrity of the storage preparation at the job site and before stari-up.
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8.4.8 Horizontal pumps, and all furnished drivers and auxiliaries, shall be shipped fully assembled on their
baseplates, except as noted below. Coupling spacers with bolts and other items, such as minimum flow orifices
that are not part of the assembled pumping unit, shalt be separately boxed, tagged and securely attached to the
baseplate.

8.4.9 Drivers for vertical pumps and horizonta! drivers with 2 mass over 200 kg (450 Ib) may be removed after
shop mounting and alignment and shipped separately but alongside pump. Vertical pumps with suction cans shall
be shipped with the suction cans (barrels) removed.

8.4.10 Ifif is necessary to ship other major components separately, prior purchaser approval is required.

8.4.11 Metal filter elements and screens shall be cleaned and reinstalled prior fo shipment. Non-metallic filter
elements shall be shipped and installed in an unused conditicn.

8.4.12 Suitable rust preventatives shall be oii-soluble and compatible with all pumped liquids.

9 Specific pump types

8.1 Single-stage overhung pumps

9.1.1 Horizontal {type OH2) pumps

9.1.1.1 Rear pump bearing housing supports are not permitted.

9.1.1.2 The distance between the pump and driver shaft ends (distance between shafl ends, or DBSE) shall
permit removal of the coupling spacer and back puliout assembly without disturbing the driver, coupling hubs or
casing.

e 9.1.1.3 If specified, the shaft flexibility index shall be calculated by the vendor in accordance with K.1 and
stated on the data sheet.

The design and operation requirements for overhung pump rotors are detailed in several areas of this standard.
K.1 lists these requirements and establishes a standardized process of calculating a shaft flexibility index that may
be used to evaluate these latter parameters and to estabiish a baseline for the comparison of shaft flexibility.

9.1.2 Vertical in-line (type OH3) pumps

9.1.2.1 A flat contact surface shall be provided on the botiom of the casing to. make the pump stable if
freestanding on a pad or foundation. The ratio of the unit centre of gravity height to the contact surface width shail
be no greater than 3:1. This stability shall be achieved through the design of the casing or by a permanent
external stand.

9.1.2.2 Pumps shall be designed so that they can either float with the suction and discharge pipe, or be
bolted to a pad or foundation. :

Fiange loading on the pump can increase if the purchaser siects to bolt the unit down. This shouid be addressed
in the piping design. :

9.1.2.3 A minimum DN 18 (NPS 1/2) tapped drain connection shail be provided so that no liguid coliects on
the cover or driver support.

8.1.2.4 The pump and seai chamber shall be continuously vented with a high point connection in either the
seal chamber or seal flush piping. Purchaser approval is necessary for systems that require manuatl venting.

if venting to the atmosphere is not acceptable, the vent should be connected to the process piping at an elevation
above the seal chamber.

Copyright American Petroleum Institute
Providad by 1M under licenss with AP| Sokd to: TEBODIN MIDDLE EAST LIMITED, W1bd P‘ﬁ?D

o repreduction of networking permitted without license from IHS Mot for Resale, 2011/5/1 14:42:43 GMT



88 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

9.1.2.5 The distance between the pump and driver shaft ends (distance between shaft ends, or DBSE) shall
permit removal of the coupling spacer and back pullout assembiy without disturbing the driver, coupling hubs or
casing.

& 0126 if specified, a device that allows direct rigging or lifting of the back-pullout assembly from outside the
motor support with the driver in place shall be provided.

9.1.2.7 With the purchaser's approval, bearing housings may be arranged for grease lubrication (6.11.4). The
stabilized bearing-housing iemperature shall not exceed 82°C (180°F) when operaiing at an ambient
temperature of 43 °C (110 °F). Recommended greases shall be suitable for operation at these temperatures,
9.1.2.8 Drivers shall be aligned in the vendor's shop prior to shipment.

9.1.3 Integral gear-driven (type OH6) pumps

9.1.3.1 The impeller shall be keyed or splined to the gearbox output shaft.

9.1.3.2 integral-gear pumps can reguire removal of the driver to allow disassembly of the rotor and the seal
assembly.
9.1.3.3 Impeller type shall be selected for the application and may be open, semi-open, or fully enclosed.

& 9134 The need for a rotor [ateral analysis shall be determined as described in 9.2.4.1. A lateral analysis

should be specified only for unigue, new or critical pumps.

NOTE Laterai critical speeds can be of concemn with type OHEG pumps. Nermally, pumps of this type are thoroughly
investigated during development, and typical rotor dynamics are available and applicabie.

9.1.3.5 Singie-piece hydrodynamic radial bearings may be used.

® 9136 Temperature and pressure gauges mounted directly on the gearbox shall be in accordance with
IS0 10438 (all parts) except that the diameter of the gauges shall be 50 mm (2,0 in}. if specified, separabie
threaded solid-bar thermowells shall be supplied for temperature gauges.

9.1.3.7: Inducers, impellers and similar maior rotafing components shall be dynamically balanced fo
IS0 1940-1, grade G2.5, or to a residual unbaiance of 7 g-mm (0,01 oz-in), whichever is greater. If possible, the
mass of the arbour used for balancing shall not exceed the mass of the companent being balanced. The resuiting
vibration measured during the performance test shall not exceed the levels in Table 8.

9.2 Between-bearings pumps {types BB1, BB2, BB3 and BB5)
8.2.1 Pressure casings

9.2.1.1 Axially split casings may have a composition sheet gasket or a metai-to-metal joint; the vendor's bid
shaii state which is being offered,

9.2.1.2 Pumps for service temperatures below 150 °C (300 °F) may be foot-mounted.

2.2.1.3 For pumps with axially split casings, lifting lugs or tapped holes for eyebolts shail be provided for
fifting only the top half of the casing and shall be so tagged. Methods for lifting the assembled machine shall be
specified by the vendor [see 10.2.2.1 a) and Annex L].

& 9214 if specified, proposed connection designs shall be submitted o the purchaser for approval before
fabrication. The drawing shall show weld designs, size, materials, and pre-weld and post-weid heat treatments.

& 9215 For pumps with machined and studded suction and discharge nozzles, the vendor shall provide the
minimurm acceptable iength for break-out spoel pieces to facilitate maintenance activity. Spool-pieces should be
provided by the purchaser. ’
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NOTE Break-out spool pieces eliminate the requirement to remove large sections of piping in order fo take the pump
casing aut during major overhauis.

9.2.2 Rotor

9.2.2.1 Impellers of multistage pumps shall be individually located along the shaft by a shoulder or captive
split ring in the direction of normal hydraulic thrust.

9.2.2.2 Rofors with clearance-fit impeliers shall have mechanical means to limit impelier movement in the
direction oppasite to norma! hydrautic thrust to 0,75 mm (0,030 in) or less.

& 9223 if specified, rotors with shrink-fit impellers shall have mechanical means to limit movement in the
direction oppoesite to normal hydraulic thrust to 0,75 mm (0,030 in) or less,

9.2.2.4 The runout of shafts and assembied rotors measured with the shaft or rotor supported on V-biocks ot
bench rollers adjacent fo its bearings shall be within the limits given in Table 17.

9.2.3 Running clearances

9.2.31 Renewable casing bushings and interstage sleeves or the equivalent shall be provided at all
interstage points.

9.2.3.2 Running clearances associated with components used to balance axial thrust or to serve as product-
lubricated internal bearings may be the manufacturer's standard, provided these clearances are sfated as
exceptions to this International Standard {see 6.7.4) in the proposat and are approved by the purchaser. If the
manufacturer’s standard clearances are based on matetial combinations exhlbltmg superior wear characteristics,
supporting data shall be included in the propesal.

Table 17 — Shaft and rotor runout requirements

Fiexibility factor Allowable shaft runout | Component fit on shaft Ajlowable rotor radial runout
Fab TIR TIR®
ram? (in2) pm {in} pm (in
Clearance 90 (0,0G3 5)
> 1,9 x 102(3,0 x 108) 40 (0,001 5)
interference 60 (0,002 5)
Clearance 75 (0,003 0)
£1,9 % 10%(3,0 x 108 25 (0,001 0)
. interference 50 {6,002 D)
& F=L%D?
where
L is the bearing span;
D isthe shafl diameter (largest) at impetier.
B The shaft flexibility factor, £, is directiy related to the static defiection of a simply supperted shaft, and is, therefore, a good indicator
of the runout attainable during manufacture and the quality of baiance that can be achieved and maintained.
¢ Runout of impeller hubs, balancing drum and sleeves.

9.2.4 Dynamics
9.2.4.1 Lateral analysis

8.2.4.1.1  Depending on pump design, the first or second wet lateral critical speed of multistage and high-speed
pumps can coincide with the operating spead, particularly as internal clearances increase with wear. A lateral
analysis can prednct whether this coincidence is hkeiy and whether the resulting vibration will be acceptable,
9.2.4.1.2 Uniess otherwise specified, the need for a jateral analysis of a pump's rotor shall be determined using
the process set out in Table 18.
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Table 18 — Decision logic for rotor lateral analysis

Step Action
1 Design pump
2 Does a similar pump (3.51) or an identical pump {3.18) exist?

f ‘yes”, go to step 5.
i “no”, go to step 3.

3 Is rotor classically stiff (3.8)7
ff “yes”, go to step 5.
If *no”, go to step 4.

4 Analysis required

5 Analysis not recommended

® 9.2.4.1.3 |Ifalateral analysis is required by the process in 8.2.4.1.2, or if specified by the purchaser, it shall be
carried out and its results assessed in accordance with Clause 1.1,

9.2.42 Rotor balancing

8.24.21 Rotors of the categories listed below shall be two-plane dynamically balanced at low speed io the
balance grade in Table 19:

— multistage pumps (three or more stages),
- one- and two-stage pumps whose maximum continuous speed is greater than 3 800 r/min.

8.2.4.22 The sequence of rotor assembly and balance correction shall follow 1SO 11342, For balancing, the
rotor does not include the pump half-coupling hub or the rotary units of the mechanical seals.

Table 19 shows 1SC 1940-1, grade G2.5 for all interference fit rotors to speeds of 3 800 r/min. This is based on
two factors.

- At 3 800 t/min, the upper limit of balance grade G2.5 produces a force due to unbalance of 10 % of rotor
weight, which means that unbalance does not have any materiai effect on the rotor's operating shape.

— Far rotors whose flexibility is high (see Table 17), it is not practical to achieve and maintain the rotor
straightness necessary for balance grade G1.

9.24.23 The mass eccentricity associated with balance grade G1 is very small; for example 2.5 um
{0,000 10 in} maximum for operation at 3 800 r/min: This has two consequences.

— ltis not practical to balance the components to better than G2.5 (see 6.9.4.1) because the arbour effectively
changes when the component is mounted.

— The balance quaiity might not be verifiable if the rotor is disturbed from its position on the balancing stand or
disassembied and reassembled. It is normally possibie, however, to perform a residual unbatance check to
verify the accuracy of the balancing stand.
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Tabie 19 — Rotor balance requirements

Maximum Flexibility factor, Rotor balance Rotor balance
Component fit | ontinuous speed 4R procedure{s)® grade
on shaft ) P
rfmin mm# (in<)
Ciearance < 38002 No limit c ¢
< 3800 No limit C+BorD G2.5 (B#m)°
Interference <19x%106°
<1, d.e
> 3800 (3.0 x 108) C+Borb G1 (4Win)
NOTE See Table 17 for shaft and rotor runout requirements.

& Toallow for 5 % spead increase.

b SeeisO 11342,

¢ Balance correction during assembly is not feasible because clearance fit does not maintain corrected batance.

d Approximately equal o the midpoint of the corresponding ISC batance quality grade.

& I rotors of higher flexibility are used at speeds above 3 800 r/min, achieving and maintaining this balance level

requires special atfention fo design, manufacture ang maintenance.

9.2.4.24  For rotor balancing, any vacant single keyways shall be filled completely with crowned half keys.
92425 If arotoris balanced as an assembly, a residual unbaiance test shall be performed. The check shail
be catried out after final balancing of the rotor, following the procedure given in Annex J. The mass and location of
all half keys used during finai balancing of the assembied rotor shall be recorded on the residuai unbaiance
worksheet as part of the “rotor sketch”, or separately sketched and recorded on an attachment to the Annex J
worksheet.

9.2.5 Bearings and bearing housings
9.2.5.1 If supplied, hydrodynamic radial bearings shall be in accordance with 9.2.5.1.1 through 9.2.5.1.4.
9.2.51.1 Bearings shall be split for ease of assembly, precision-bored, and of the sleeve or pad type, with
steel-backed, babbitted replaceable liners, pads or shells. The bearings shall be equipped with anti-rotation pins
and shall be positively secured in the axial direction.

8.2.51.2 The liners, pads or shells shall be in axially split housings and shall be reptaceable without having to
dismantle any portion of the casing or remove the coupling hub.
9.2.5.1.3 Bearings shall be designed to prevent instailation backwards or upside down or both.

8.2.5.1.4 |f the shafl contains more than 1,0 % chromium and the journal surface speed is above 20 m/s
{B5 ft/s), the shaft's journal shall be hard-chromium-plated, hard-coated or sleeved with carbon steel.

NOTE The purpose of this construction is to avoid damage fo the bearing from “wire wooling”.
9.2.5.2 Hydrodynamic thrust bearings shall be in accordance with 8.2.5.2.1 through 9.2.5.2.5 beiow.
9.2.5.21 Thrust bearings shall be of the steel-backed, babbitted multiple-segment type, designed for equal

thrust capacity in both directions and arranged for continuous, pressurized lubrication to each side. Both sides
shall be of the tilling-pad type, incorporating a self-ievelling feature that assures that each pad carries an equal
share of the thrust ioad with minor variation in pad thickness.

92522 Thrust coliars shall be replaceable and shali be mounted to the shaft with an interference fit to
prevent frefting and positively locked to prevent axial movement.

9.2.5.2.3 Both faces of thrust collars shali have a surface roughness of not more than 0,4 pm (16 pin} Ra, and,
: after mounting, the axial total indicated runout of either face shall not exceed 13 um (0,000 5 in).
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8.2.5.2.4  Thrust bearings shall be sized for the maximum, continuous, applied load (see 6.10.1.2). At this load,
and the corresponding rotative speed, the following parameters shall be met;

a)  minimum oil-film thickness of 8 um (0,000 3 in);
b} maximum unit pressure (load divided by area) of 3 500 kPa (35 bar; 500 psi);
¢) rmaximum calculated babbitt surface temperature of 130 °C (265 °F).

# If specified, thrust-bearing sizing shall be reviewed and approved by the purchaser.
The limits given above correspond to a design factor of two or more, based on the bearing's ultimate capacity.
The calcuiated babbitt surface temperature is a design value and is not representative of actual babbitt
temperatures under these conditions. Bearings sized to meet the above criteria have the following allowable metat
temperatures on shop fest and in the field (see 6.10.2.4):
- shop test on water and normal operation in the field [see 8.3.3.5 ¢)}: 93 °C (200 °F);

— field atarm or trip: 115 °C (240 °F).

9.2.5.2.5 Thrust bearings shall be arranged to allow axial positioning of each rotor relative to the casing and
the setting of the bearing's clearance or preioad.

9.2.5.3 If the inlet oil temperature exceeds 50 °C (120 °F), special consideration shail be given fo bearing
design, oil fiow and allowable temperature rise. Ol sutlets from thrust bearings shall be as recommended by the
bearing manufacturer for the collar speed and lubrication method involved. Oil connections on bearing housings
shall be in accordance with 7.5.

9.2.5.4 Axially split bearing housings shall have a metalto-metal split joint whose halves are located by
means of eyiindrical dowels.

$.2.6 Lubrication
® 9261 if specified, or if recommended by the vendor and approved by the purchaser, a pressure-lubrication

system shall be furnished to supply oil at a suitable pressure to the pump bearings, the driver and any other
driven equipment, including gears.

9.2.6.2 External pressure-iubrication systems shail comply with the requirements of 1ISO 10438-3. Figure B.8
and: Tabie B.1 show detaiis of the minimum accepiable system for equipment fumished to this Infernational
Standard.

8.2.6.3 if ol is supplied from a common system to two or more machines {such as a pump, a gear and a

motor), the oil's characteristics shall be suitable for all equipment supplied. The vendor having unit responsibility
shall obtain approval from the purchaser and the other equipment vendors for the oil selection.

NOTE The typical iubricants employed in a commen oil system are minerai (hydrocarbon) oils that correspond io
iSO Grades 32 through 68, as specified in IS0 3448. :

@ 9264 If specified, the pressure-lubrication system shall conform to the reguirements of IS0 10438-2. For
such a iubrication system, data sheets should be supplied.

8.2.7 Testing

9.2.7.1 For pressure-lubricated bearings, test stand oil and ol sysiem components downstream of the filters
shail meet the cleanliness requirements specified in ISO 10438-3.

9.27.2 During the shop test of pumps with pressure-lubricated bearings, the oil flowrate to each bearing
housing shall be measured and recorded.
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9.2.7.3 All purchased vibration probes, transducers and oscillator-demodutators shall be in use during the
test. If vibration probes are not fumished by the vendor or if the purchased probes are not compatible with shop
readout facilities, shop probes and readouts that meet the accuracy requirements of ANSUAPI Std 870 shall be
used. The vibration measured with this instrumentation shall be the basis for acceptance or reiection of the pump
{see 6.8.3.6).

9.2.7.4 With the purchaser's approval, single-stage, double-suction pumps may be assembled for testing by
driving from the opposite end of the pump when compared fo the general arrangement for the contract pump and
driver. No retest is required after final assembly. If such an arrangement is required, it shall be stated in the

proposal.
NOTE This is sometimes required to accommodate test stand piping constraints.
& 8275 If specified, hydrodynamic bearings shall be removed, inspecied by the purchaser or his

representative, and reassembled after the performance test is compieted.
9.2.8 Preparation for shipment

9.2.8.1 i a spare rotor or element is purchased, it shall be prepared for unheated indoor storage for
three years. Storage preparation shall inciude treatment with a rust preventive and enclosure in a vapour-barrier
envelope with slow-release vapour-phase inhibitor. The rofor or element shall be boxed for the type of shipment
specified. A rotor shall have a resilient material (but not lead, TFE or PTFE), at least 3 mm (0,12 in) thick,
between the rotor and its support cradle; support shall not be at the rotor's journals. An element shall have its
rotor secured fo prevent movement within the stator.

® 9.28.2 If specified, spare rotors and cartridge-type elements shall be prepared for vertical storage. A rotor
shall be supported from its coupling end with a fixture designed to support 1,5 times the rofor's mass without
damaging the shaft. A cartridge-type element shall be supported from the casing cover {with the rotor hanging
from its thrust bearing).

® 9283 If specified, a shipping and storage container designed to store the rotor or cartridge vertically shall
be provided.

¢ 9284 i specified, the shipping and storage container shall be designed fo allow inert-gas inhibition during
storage.

9.3 Verticaliy suspended pumps (types V51 through VS7)

8.3.1 General

9.3.1.1 Specified discharge pressure shall be at the purchaser discharge connection. Hydraulic performance
shafi be corrected for column static and friction head losses. Bowl or pump casing performance curves shali be
furnished with the correction indicated.

9.3.1.2 it is not necessary that bearing housings for vertically suspended pumps be arranged so that
bearings can be replaced without disiurbing pump drives or mountings.

8.3.2 Pressure casings
8.3.21 Jackscrews and casing alignment dowels are not required for rabbeted bowt assemblies.
9.3.2.2 Pumps shall be provided with vent connections for suction barrels and seal chambers.

9.3.2.3 Assemblies designed for O-ring seals only do not require flanges and boiting designed fo seat g
spiral-wound gasket (see 6.3.10).
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9.3.3 Rofors

9.3.3.1 All pump shafts shall be machined or ground and finished throughout their entire length. The total
indicated runout shall not exceed 40 pm/m (0,000 5 in/ft) of length. Total runout shall not exceed 80 um (0,003 in)
over total shaft length.

For pumps with a shaft length over 4 500 mm (177 in}, the vendor may propose an alternative total indicated
runout [over 80 pm (0,003 in)] iimit to the purchaser for approval,

8.3.3.2 The pump shaft shail be in one piece uniess otherwise approved by the purchaser (because of total
shaft length or shipping restrictions}.

9.3.4 Wear parts and running clearances

9.3.4.1 Renewable casing bushings shall be provided at all interstage and other bushing locations. However,
the interstage pressure differential and the character of the liquid handled (for example, dirty or non-lubricating)
should determine the need for corresponding shaft sleeves.

9.3.4.2 The running clearances specified in 6.7.4 do not apply to the clearances of bushings. The clearances
used shall be stated in the proposal and approved by the purchaser.

9.3.4.3 Pumps with semi-open impellers in an erosive service shall have a replaceable casing liner.
9.3.5 Dynamics

® |f specified, the vendor shall furnish a dynamic analysis of the pump and its support structure to confirm
acceptability of the design. The purchaser and the vendor shall agree on the extent, method and acceptance
criteria for this analysis.

Vertically suspended pumps are generally flexible structures with running speeds located between natural
frequencies. As such, they are susceptible to resonant vibration if their separation margins are not verified during
design. The basic structural elements typically inciude the foundation, pump structures and motor frames.
Typically, the deflection of the foundation represents less than 5 % of the total deflection of the structurai elements.
If foundation data are not available when the analysis is being conducted, an agreed-upon vaiue should be used.
Generally, a 20 % margin of separation should be maintained between the natural frequency of the motor support
structure and the operating speed.

9.3.6 Bushings and bearings

9.3.6.1 Bushings shall be suitably corrosion-resistant and abrasion-resistant for the specified product and
temperature. The maximum spacing befween shaft bushings shall be in accordance with Figure 37 in order to
maintain the first critical speed above the maximum allowable continuous speed.

9.3.6.2 Thrust bearings that are integral with the driver shall meet the requirements of 7.1.8. Thrust bearings
and housings integral with the pump shall meet the applicable requirements of 6.10. To allow axial rotor
adjustment and oil lubrication, the thrust bearing shall be mounted with an interference fit on a slide-fit, key-driven
sleave.

9.3.6.3 Except for sump pumps of type VS84, the first-stage impelier shall be located between bushings.

NOTE Although between-bushing first-stage impeliers can result in superior rotor support, certain applications, such as
for sumps, require superior suction perfermance and can benefit from an overhung first-stage impeller arrangement.

9.23.7 Lubrication

Bushings in vertical pumps are normally lubricated by the liquid pumped. Alternative methods of lubrication shalt
be proposed if the pumped liquid is not suitable.
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Figure 37 — Maximum spacing between shaft guide bushings

9.3.8 Accessories

9.3.8.1 Drivers

8.2.8.1.1  Pumps and motor assembiies that can be damaged by reverse rotation shall be provided with a non-
reverse ratchet or another purchaser-approved device {0 prevent reverse rotation.

9.3.8.1.2 Unless otherwise specified, motors for vertical pumps shall have sofid shafts. If the pump thrust
bearings are in the motor, the motors shalt meet the shaft and base tolerances shown in Figure 36.

9.3.8.2 Couplings and guards

9.3.8.21  Coupling faces shall be perpendicular fo the axis of the coupling within 0,1 pm/mm (0,000 1 injin) of
face diameter or 13 um (0,000 5 in) total indicated runout, whichever is greater.

9.3.8.2.2 Vertical pumps without integral thrust bearings require rigid adjustable-type couplings.

9.3.8.2.3  On vertical pumps _equipped with rigid couplings and mechanical seals, the coupling shall be a spacer

type. The spacer shall be of sufficient iength to permit replacement of the seal assembly, including the sleeve,
without removal of the driver.
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9.3.8.3 WMounting plates

® 0.3.8.3.1 |f specified, the mounting plate for double-casing pumps shall be separate from the main body flange
and located sufficiently below it to permit the use of through-bolting on the body flange (see Figure 38).This
results in a higher joint integrity and should be considered for critical and cryogenic services.

9.3.8.3.2 A minimum of four alignment-positioning screws shall be provided for each drive-train component that
has a mass greater than 250 kg (500 Ib) to facilitate horizontal adjustment.

® 03.8.3.3 I specified, pumps shall be provided with a separate sole plate for bolting and grouting to the
foundation (see Figure 38). This plate shall be machined on its top surface for mounting of the discharge head,
can or motor support.

9.3.8.3.4 The outside comers of the sole plate or mounting plate imbedded in the grout shall have at least
56 mm (2 in) radii in the plan view (see Figure D.1).

8.3.84 Piping and appurtenances

If mechanical seals and drivers are not instailed prior to shipment, the seal piping system shall not be fully
assembiled.

9.3.9 Testing

9.3.9.1 Pumps shall be tested as complete assemblies. Tests using only bowls and impellers are not
recommended. In cases where assembled-unit testing is impractical, the vendor shall submit alternative testing
procedures with the proposal. Suction cans, if supplied, are not required for performance testing.

@ 9382 If specified, a résonance test with the pump unpiped shall be conducted on the pump structure/driver
frame assembly. The test shall be performed as follows.

— Excite the assembly by making an impact on the driver frame in the direction of the discharge flange.

— Determine the natural freguencies by the response.

— Excite the assembly by making an impact on the driver frame at 90° to the direction of the discharge flange.
— Determine the natural frequencies by the response.

The natural frequencies so determined shail be at least 10 % below the minimum continuous operating speed or
shall be at teast 10 % above the maximum continuous operating speed.

9.3.10 Single-case diffuser (V$1) and volute (VS2) pumps

9.3.10.1 The components that constitute the pressure casing are the casing (bowls), column and discharge
head.

NOTE {tis not necessary that bowls on VS1 pumps in $-8 materials be 12 % chrome; they can be carbon steel,

9.3.10.2  Line shafts may be open or enclosed. For enclosed line shafts, the type of lubrication shall be
approved by the purchaser.

Open line-shafting is lubricated by the pumped liquid. If the pumped Tiquid is not suitable as a lubricant, enclosed
ine-shafting may be provided tc ensure a clean lubrication supply for line-shaft bearings.

9.3.10.3 The discharge-head mounting surface shall be suitable for both grouting and mounting on a
machined sole plate.

9.3.1.0;;&.__ Thrust restraints are required at the pump if an expansion joint is installed on the discharge nozzle.
Design review of the proposed installation and piping by the vendor is recommended.

® 03105 if specified, line shafting shall be furnished with hardened sieeves under each bushing.
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9.3.10.6  Uniess otherwise specified, integral bushing spiders and rabbeted fits shall be used for all column
sizes.

9.3.10.7  Unless otherwise specified, bowls shall be flanged and shall have metal-to-metal rabbeted fits.

1 T 5

\_/\

Kay

1 suction flange 7 main body flange through-bolting (typical)
2 main body fiange 8 hold-down boits (fypical)

3 mounting flange S anchor polts (typicai)

4 sple piate 10 grout

5 pump head 11 can (outer casing)

6 discharge flange

Figure 38 — Typical mounting for vertically suspended, double-case pumps
{VS6 and VS7} with sole plate

8.3.11 Singie-casing axial flow {(VS3} pumps

9.3.11.1 The components that constitute the pressure casing are the casing (bowl), column and discharge
head.

9.3.11.2 Untess otherwise specified, integral bushing spiders and rabbeted fits shall be used for all column
sizes.

8.311.3  Bowls shall have metal-fo-metal rabbeted fits.

9.3.12 Single-casing line shaft {V54) and cantilever (V85) pumps

9.3.42.1 For VS4 pumps, bushings shall be provided to supportt the shaft and impeller.

9.3.12.2 VS5 pumps shall comply with a) through d) as follows.

a) The retor shall be cantilevered from its bearing assembly. Submerged bottom bushings are not used to guide

"~ the shaft.”
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b) The shaft stiffness shail limit totaf deflection, without the use of a casing bushing, stich that the impelier does
net contact the pump casing under the most severe dynamic conditions over the complete head-flow curve
with a maximum diameter impeiler and at the maximum speed and liquid density.

¢) Caniilever type pumps shall have their first dry critical speed, for their rotors, 30 % above thelr maximum
allowable continuous speed.

d) For cantilever-type VS5 pumps, the shaft total indicated runout shall not exceed 50 pum (0,002 in) as
measured on the shaft directly above the mechanical seal or stuffing box.

9.3.12.3 For open-system sump-pump service, the pressure-containing components of the type V34 and
type VS5 pumps are the casing, suction cover and discharge line. For closed-system pressurized or vacuum tank
service, the seal chamber, pump cover plate and tank cover also become pressure-containing components.

93124  For VS84 pumps, the thrust bearing shali be designed for either grease or oil-mist lubrication,
Bushings may be lubricated with water, grease or product, or be self-lubricated. Type VS5 pump bearings shall be
grease-lubricated. The stabifized bearing housing temperature shall not exceed 82 °C (180 °F) when operating at
an ambient temperature of 43 °C {110 °F). Recommended greases shall be suitable for operation at these
temperatures.

9.3.123.5 Mechanical seals are ftypically not supplied on VS84 and VS5 pumps unless required for
closed-system service.

9.3.12.6 Lifting lugs shall be provided in the cover plate for lifting the pump assembly, including the driver.
9.3.12.7  The discharge nozzle and cover plate shall be designed as required in 6.3.3.

If the pump is mounted in a vessel, the pump-mounting nozzie of the vessel should also be designed o withstand
the allowable nozzle loads, See 8.5 for aliowable nozzle loads.

9.3.12.8 Cover-plate joints shall be vapour-tight for closed-system services. The cover-plate design and
mounting shaill be agreed fo by the purchaser and vendor.

9.3.12.9 Mechanical seais, if supplied, shall be located at the cover plate to seal the vapour in the supply fank
or vessel. Mechanical seals normally seal vapour, however, they shall be designed to operate in liquid in the
event of tank or vessel overfilling. The seal chamber shall have provisions for a high-point vent.

9.3.12.10  Pump-out vanes may be used in lieu of wear rings to reduce leakage back to the sump.

9.3.12.11  Typically, spacer coupiings are not used on V54 and VS5 type pumps. Coupling hubs shall be
supplied with slip fits to the shaft. The coupling hubs and keys shall be secured to the shaft with set-screws o
facilitate final coupling adjustment.

8.3.13 Pouble-casing diffuser (VS6) and volute (VS7) pumps

8.3.13.1 The components that constitute the pressure casing of type VS6 pumps are the discharge head and
the suction can., The components that constitute the pressure casing of type VS7 pumps are the outer casing
(complete with the discharge nozzle), the head plate and the suction pipe.

& 03132 If gpecified, bowls and column pipe shall be hydrosiatically tested with liguid at 2 minimum of
1,5 times the maximum differential pressure developed by the bowl assembly. Hydrostatic testing shall be
conducted in accordance with the requirements of 8.3.2.

9.3.13.3 Complete outer-case venting shall be ensured by means of a high-point vent connection.

8.3.13.4  Provision shall be made to ensure complete venting of the inner assembly within the seal chamber or
associated auxiliary process piping.

® 93.13.5 If specified, the suction can shall be supplied with a drain piped to the surface.

9.3.13.6  Column sections shall incorporate integral bushing spiders and rabbeted fits for all column sizes.
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10 Vendor's data
10.1 General
10.1.1 The vendor shall furnish the information specified in 10.2 and 10.3.

10.1.2 The vendor's data shall be present on transmittal {cover) letters, fitle pages and in title blocks or other
prominent position on drawings, and shall include the following information:

a) purchaser's/owner's corporate name;

b) jobiproject number;

c) equipment item number and service name;

d} inquiry or purchaser-arder number;

e) any other identification specified in the inguiry or purchaser order;

fiy vendor's identifying proposal number, shop order number, serial number, or other reference reguired to
completely identify return correspondence.

® 10.1.3 [f specified, a coordination meeting shall be held, preferably at the vendor's plant, within four to six weeks
after order commitment. Uniess otherwise specified, the vendor shall prepare and distribute an agenda prior to
this meeting, which as a minimum, shall include a review of the folfowing items:
a) purchase order, scope of supply, unit responsibility, and sub-vendor items;
b) data sheets;
c) applicable specifications and previously agreed-upon exceptions;
d) schedules for fransmittat of data, production and testing;
e) auality assurance programme and procedures;
f)y inspection, expediting and testing;
g schematics and bills of material for auxiliary systems;
h} physical orientation of the equipment, piping and auxiliary systems;
i)  coupling selection and rating;
jy  thrust and journal bearing sizing, estimated loadings and specific configurations;

k) rotor dynamic analyses (lateral, torsional and transient torsional, as required, commonly not available for
10 weeks {c 12 weeks);

) equipment performance, alternative operating conditions, start-up, shutdown and any operating limitations;
m) scope and details of any pulsation or vibration analysis;

n) instrumentation and controls;

o) identification of items for stress analysis or other design reviews;

p} other technical items.
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10.2 Proposals
10.2.1 General

10.2.1.1 The vendor shall forward the original proposal and the specified number of copies io the addressee
specified in the inquiry documents. As a minimum, the proposal shall include the data specified in 10.2.2 through
10.2.5, as well as a specific statement that the system and all its components are in strict accordance with this
Internationai Standard. If the system and components are not in strict accordance, the vendor shall include a list
that details and explains each deviation. The vendor shall provide details to enabie the purchaser to evaluate any
proposed alternative designs. All correspondence shall be clearly identified in accordance with 10.1.2.

10.2.1.2 Clearances less than those required by Table 6 shall be stated as an exception to this International
Standard in the proposal.

10.2.2 Drawings

10.2.2.1 The drawings indicated on the Vendor drawing and data requirements (VDDR) form (see example in
Annex L) shaif be included in the proposal. As a minimum, the following data shall be furnished:

a) general arrangement or outline drawing for each major skid or system, showing direction of rotation, size and
location of major purchaser connections; overail dimensions; maintenance clearance dimensions; overall
masses; erection masses; maximum mainienance masses (indicated for each piece), lifting points and
methods of lifting the assembled machine and, if applicable, the standard baseplate number {see Annex D);

b) cross-sectional drawings showing the details of the proposed equipment;

c) schematics of all auxitiary systems, including the seal flush, lubricating oil, control and electrical systems. Bills
of material shall be included.

10.2.2.2 H typical drawings, schematics and bills of material are used, they shall be marked up to show the
correct mass and dimension data and to reflect the actual equipment and scope proposed.

10.2.3 Technical data

The following data shail be included in the proposal:

a) purchaser's data sheets, with complete vendor's information entered thereon and literature {o fully describe
details of the offering,;

b} predicted noise data (6.1.14);

¢} Vendor drawing and data requirements form (see example in Annex L), indicating the schedule according fo
which the vendor agrees to transmit all the data specified as part of the purchase order;

d) schedute for shipment of the equipment, in weeks after receipt of the order;

e) list of major wearing conﬁponents, showing interchangeabiiity with other items on the project or the owner's
existing machines;

f) list of spare parts recommended for start-up and normal maintenance purposes (see Table 20},
g) list of the special fools furnished for maintenance (see 7.6.1);

h) description of any special weather protection and winterization required for start-up, operation and periods of
idleness, under the site conditions specified on the data sheets; this description shall clearly indicate the
protection being furnished by the purchaser as welil as that included in the vendor's scope of supply;

i) complete tabulation of utility requirements, e.g. steam, water, electricity, air, gas, lubricating oil (including the
quantity and supply pressure of the ofl required, and the heat load being removed by the oil), and the
nameplate power rating and operating power requirements of auxiliary drivers; approximate data shall be
clearly indicated as such;

Capyright Amsrican Petroleum Institute
Brovided by IHS under Hioanse with API o Sold to: YTEBODIN MIDDLE EAST LIMITED, W1087520

Ho raprodietion of natworking permitted without license from IHS Mot for Resale 201150 14:43:43 GMT



APl STanDaRD 810A50 13709 101

j) description of any optional or additional tests and inspection procedures for materiats as required by 8.3.4 or
8.2.2;

k) description of any special requirements whether specified in the purchaser's inquiry or as ouflined in 8.1.9,
6.1.10, 6.1.11, 6,34, 6.4.3.10, 64.3.12, 6.9.31, 6.12.1.1, 61212, 61213, 714, 7.1.8, 82,11, 8232,
8274,9342 9391,102.1.2,10.2.2.1, and 10.3.4.2;

® |} ifspecified, alist of similar machines installed and operating under simitar conditions:
m) any start-up, shutdown or operating restrictions required to protect the integrity of the equipment;
ny cafculated specific speed;

o) any test facility limitations that can require the vendor to assemble and drive single-stage, double-suction
pumps from the opposite end for testing (see 9.2.7 4);

p) list of any components that can be construed as being of alternative design, hence requiring purchaser's
acceptance (6.2)

10.2.4 Curves

The vendor shall provide complete performance curves, including differential head, efficiency, water NPSH3, and
power, expressed as functions of flowrate. Except for low specific-speed designs where it is not feasible, the
curves shall be extended io at least 120 % of flowrate at peak efficiency, and the rated operating point shali be
indicated. The head curve for maximum and minimum impeller diamelers shall be inciuded. The impeller
identification number, specific speed and suction-specific speed shall be shown an the curves. If applicable, the
curves shall indicate viscosity corrections. Minimum flow {(both thermal and stabie), preferred and allowable
operating regions, and any limitations of operation shall be indicated.

10.2.5 Options

& |f specified, the vendor shall furnish an outline of the procedures used for each of the special or optional tests that
have been specified by the purchaser or proposed by the vendor.
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Table 20 — Recommended spare parts

Number of pumps with identical parts
b
Part 1103 | 4106 | 27 | 1103 | 4t08 [ 709 i 210
Recommended number of spare parts
Starf-up Normal maintenance

Cartridgeb.e — — . 1 1 1 1
Elementdf — — T— 1 1 1 1
Rotorcg — . — 1 1 1 1
Casea — — — — s o 1
Head (case cover and stuffing box) — — - — — — 1
Bearing bracketa _— — —_— —_ o — 1
Shaft (with key) e m— — 1 1 2 nf3
impeller — — — 1 1 2 nf3
Wear rings (set)h 1 1 1 1 1 2 nid
Bearings, comptlete {roliing element, radiai}ai 1 1 2 1 2 nl3 ni3
Bearings, compilete {rolling element, thrust)a! 1 1 2 1 2 nl'3 i3
Bearings, compiete (hydrodynamic, radialjal 1 1 2 1 2 nl3 nf3
Bearing pads only {hydrodynamic, radiaf)ad 1 1 2 1 2 nl3 nf3
Bearings, complete (hydrodynamic, thrust)ad 1 1 2 1 2 nf3 3
Bearing pads only {hydrodynamic, thrustal 1 1 2 1 2 ni3 nl3
Mechanical seal / packingd.hi 1 2 a3 1 2 nl3 n3
Shaft steeveh % 2 3 1 i nld nf3
Gaskets, shims, O-rings (set}h 1 2 nl3 1 2 3 ni3
Add for vertical pump:

Bowls — — — e — ni3 —_

Spiders or spider bushings (set} — — 1 1 1 ni3 n3

Bearings, bushings (sef) 1 1 2 1 1 n/3 13
Add for high-speed integral gear.

Gear box — 1 1 1 1 1 w3

Diffuser and cover 1 1 i 1 1 1 nl3

Splined shaft 1 1 1 1 1 1 ni3

Gear-hox housing —_ — —_— 1 1 1 nf3

Qil pump, internal — 1 1 1 1 1 '3

Oil pump, external — 1 1 1 1 1 nd

Oit filter 1 2 3 1 2 3 3
&  Horizontal pumps only.
5 \ftalservice pumps are generally unspared, parially spared or mulfistage. When a vital machine is down, production loss or
violation of environmental permits results.
¢ Essential-service purmps are required for operation and have an installed spare. A production loss oeeurs only if main and spare fail
simuitaneously,
d Cartridge-type mechanical seals include slesve and gland,
®  Cartridge consists of assembied element plus discharge head, seal(s) and bearing housing(s).
f Element consists of assembled rotor plus stationary hydraulic parts [diffuser(s) or volute(s)].
9 Rotor consists of alf rotating parts attached 1o the shaft, except the half-coupling.
b Normalwear parts (see 5.1.1).
i Per pump set.
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10.3 Contract data
10.3.1 General

10.3.1.1 Contract data shall be furnished by the vendor in accordance with the agreed VDDR form (see
example in Annex L).

10.3.1.2  Each drawing shall have a titte block in the fower right-hand corner with the date of certification,
vendor's data specified in 10.1.2, revision number and date and title. Similar information shall be provided on all
other documents.

10.3.1.3  The purchaser and vendor shali agree fo the timing and extent of drawing and data review. Review
by the purchaser does not constitute permission to deviate from any requirements in the order unless specifically
agreed upon in writing.

10.3.1.4 A complete list of vendor data shall be included with the first issue of the major drawings. This list
shall contain titles, drawing numbers and a schedule for transmission of all the data the vendor is furnishing (see
example in Annex L),

10.3.2 Drawings and technical data

10.3.2.1 The drawings and data furnished by the vendor shall contain sufficient information so that, together
with the manuals specified in 10.3.5, the purchaser can properly instal, operate and maintain the equipment
covered by the purchase order. A compieted 1SC 13709 summary detailed in Annex N shall be included in the as-
built data {o document the pump. All contract drawings and data shall be clearly legibie (8-point minimum font size
even if reduced from a larger size drawing), shall cover the scope of the agreed VDDR form (see example in
Annex L) and shall satisfy the applicable detailed descriptions.

Dimensional outline drawings shall indicate the tolerance for pump suction and discharge nozzle face and
centreline iocations referenced from the cenireline of the nearest baseplate anchor-bolt hote. The centreline of
baseplate anchor-bolt hole locations shall indicate the tolerance from a common reference point on the baseplate.

10.3.2.2 Certified test curves and data (see example in Annex M) shall be submitted within 15 days after
testing and shall include head, power recalculated to the proper specific gravity and efficiency plotted against
flowrate. If applicable, viscosity corrections shall be indicated. The water-NP3H3 curve shall be included, drawn
from actual test data, for an impeller cast from the same pattern. The curve sheet shall include the maximum and
minimum diameters of the impeller design supplied, the identification number of the impeller or impellers, and the
pump serial number,

® 10.3.2.3  If specified, a generic casing drawing defining casing retirement thickness(es) in critical areas shall
be provided. The retirement thickness(es) shall be based on faiiure to comply with any of the criteria in 6.3.3. and
6.3.4.

10.3.3 Progress reports

The vendor shali submit progress reports o the purchaser at the intervals specified on the VDDR form (see
example in Annex L).

10.3.4 Paris lists and recommended spares

10.3.4.1 The vendor shall submit complete parts lists for all equipment and accessories supplied. The lists
shall include manufacturer's unigue part numbers, materials of construction and delivery times. Materiais shall be
identified as specified in 6.12.1. Each part shall be completely identified and shown on cross-sectionat or
assembly-type drawings so that the purchaser can determine the interchangeability of these paris with other
equipment. Parts that have been modified from standard dimensions and/or finish to satisfy specific performance
requirements shall be uniquely identified by part number for interchangeabifity and future duplication purposeé
Standard purchased items, including gaskets and O-rings, shall be identified by the original manufacturer's name,
part number, material and pressure rating, if applicable. :
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104 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

10.3.4.2 The vendor shall indicate on each of these complete parts lists all those parts that are recommended
as start-up or maintenance spares and the recommended stocking quantities of each. These should include spare
parts recommendations of sub-suppliers that were not available for inclusion in the vendor's original proposal. The
vendor shall forward the lists to the purchaser promptly after receipt of the reviewed drawings and in time to
permit order and delivery of the parts before field start-up. The transmittal letter shall include the data specified in
10.1.2.

10.3.5 Data manuals
10.3.5.1 General

The vendor shall provide sufficient written instructions and all necessary drawings to enabie the purchaser fo
install, operate and maintain all of the equipment covered by the purchase order. This information shall be
compiled in @ manuai or manuals with a cover sheet showing the information fisted in 10.1.2, an index sheet, and
a complete list of the enclosed drawings by titte and drawing number. The manual or manuals shall be prepared
specifically for the equipment covered by the purchase order. Pre-printed sections that are model-specific may be
included, but “typical® manuals are unacceptable.

Vendor manuals shall also be furnished in an agreed-upeon electronic format that refiect the “as supplied”
equipment, with any safeguards considered necessary for legal protection of all parties.

10.3.5.2 Installation manual

Al information regquired for the proper installation of the equipment shall be compiled in a manual that shall be
issued no later than the fime of issue of final certified drawings. For this reason, it may be separate from the
operating and maintenance instructions. This' manual shall contain information on alignment and grouting
procedures, normal and maximum utility requirements, centres of mass, rigging provisions and procedures, and
all other installation data. All drawings and data specified in 10.2.2 and 10.2.3 that are pertinent to proper
instaliation shall be included as part of this manual.

10.3.5.3 Manual for ocperating, maintenance and technical data

A manual containing operating, maintenance and technicai data shall be sent at the time of shipment. In addition
to covering operation at all specified process conditions, this manual shall include a section that provides special
instructions for operation at specified exireme environmental conditions. The manual shall aiso include sketches
that show the location of the centre of gravity and rigging provisions to permit the removal of the top half of the
casings, roiors and any subassemblies having a mass greater than 135 kg {300 Ib). As a minimum, the manual
shall afso include all of the data listed in Annex L. that are not uniquely related fo installation.
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Annex A
(informative)

Specific speed and suction-specific speed

Specific speed, »g, is an index number relating to a pump's performance af best efficiency point flowrate with the
maximum diameter impeller and at a given rotative speed. Specific speed is defined by Equation {A. 1)

ne :mo,s/Ho:is ' (A.1)
where

n is the rotational speed, expressed in revolutions per minuie;

g is the total pump flowrate, expressed in cubic metres per second {US gallons per minute);

H s the head per stage, expressed in metres (feet).
! NOTE 1 Specific speed derived using 8| units multipiied by a factor of 51,64 is equal to specific speed in USC units.

" NOTE2  For simplicity, indusiry omits the gravitational constant from the dimensioniess equations for specific speed and
suction-specific speed.

An alternative definition of specific speed is sometimes used (flowrate per impeller eye rather than total flowrate).
The purchaser is cautioned to understand which definition is being used when comparing data.

Suction-specific speed, S, an index number refating to a pump's suction performance, is caiculated at best
efficiency point flowrate with the maximum diameter impeller at a given rotative speed and provides an
assessment of a pump’s susceptibility to internal recirculation. it is defined by bquation (A.2):

5 =ng®% | NPSH3 *7° (A.2)
where

7 is the rotational speed, expressed in revolutions per minute;

g is the flowrate per impeller eye, expressed in cubic metres per second {US gallons per minute),

equal to one of the following:

— total flowrate for single-suction impellers,

~— one-half the otal flowrate for double-suction impeliers;
(NPSH3) is the net positive suction head required, expressed in metres (feet).

NOTE 3  Suction-specific speed derived using S1 units multiplied by a factor of 51,64 is equal to suction-specific spaed in
USC units. The USC symbol Ngg is sometimes used to desighate suction-specific speed.
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Annex B
(normative)

Cooling water and lubrication system schematics

This annex contains schematic diagrams for cooling water and lubrication systems. The symbols used in
Figure B.2 through Figure B.8 are shown and identified in Figure B.1. These symbols represent commonly used
systems. Other configurations and systems are available and may be used if specified or if agreed upon by the
nurchaser and the vendor.

Q/1 =K f 14
>4 9

15
O 2
>l 10 E 16
3
k- 14 W 17
@ 4
~D><- 12
Rl
S
' =3
ONN: "
U 7
Key
1 heat exchanger 11 flow-regulating vaive
2 instrument (letters indicate function) 12 block valve (gaie valve)
3 pressure indicator 13 low-pressure switch {auxiliary pump start)
4 temperature indicator 14 low-pressure switch (alarm)
5 pressure differential indicator 15 low-pressure switch (trip)
8 flowrate indicator 16 relief valve
7 i:eﬂex~type level indicator 17 line strainer
2 :r_nanuai 3~way valve (or single transfer vaive) 18 check valve
& temperature control valve 19 pressure control vaive
10 block and bleed vaive

Figure B.1 — Symbols used in Figures B.2 to B.8
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Key

17 inlet valve

2 giand

2 bearing housing
4 exit valve

Figure B.2 — Piping for overhung pumps - Plan A, cooling to bearing housing
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Key

1 iniet valve

2 gland

3 bearing housing
4 exit valve

Figure B.3 — Piping for overhung pumps — Plan K, cooling to bearing housing
with parallel fiow to seal heat exchanger
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—pkg

ey

1 inlet valve

2 gland

3 bearing housing
4 exitvalve

Figure B.4 — Piping for overhung pumps — Plan M, cooling to seal heat exchanger
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P

1
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<]

Rl
P

Figure B.5 — Piping for between-bearing pumps — Plan A, cooling to bearing housings

1 inlet valve

2 gland

3 bearing housing
4 exit valve
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3 2

Key

1 inlet vaive

2 gland

3 bearing housing
4 exit valve

Figure B.6 — Piping for between-bearing pumps — Plan K, cooling to bearing housings
with paraliel flow to seal heat exchangers
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il

Fi Fi

4
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Key

1 inlet valve

2 gland

3  bearing housing
4 exit vaive

Figure B.7 — Piping for between-bearing pumps — Plan M, coofing to seal heat exchangers
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PDi

3
T
o]

-—1% t 5 2 ?J

AR 17

See Table B.1 for description of key ltems and console class.

NOTE 1 In the title, "BPO” indicates that the basepiate is part of equipment, “BP1" indicates & stand-alone console,
reservoir-mounted. The P&10s are similar.

NOTE 2  Figure modified from 18O 10438-2:2007, Figure B.1. For the purposes of this provision, AP1614-08 is the
equivalent of IS0 10438-2:2007.

Figure B.8 -~ Class ii-P0-R1-H0-BP0-C1F2-C0-PV1-TV1-BBO or
Class -P0-R1-H0-BP1-C1F2-C0-PV1-TV1-BRBO
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114 CENTRIFUSAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES
Tabie B.1 — Key items for Figure B.B with additional requirements
Key item identification/subclause Notefoption Comments
Basic design, 4.1 Specify | Console class & code
Class It = PO-R1-HO-BPO-C1F2-C0-PV1-TV1-BEO
1 Basepiate
2 Qil reservoir, 4.4 Specify 1442 Botiom sioped to drain
3 Filter/breather
4 Drain Specify (443 Drain connection (with valve and biind flange}
at least 5 cm diameter
5 Level gauge Specify |4.4.5d) Oil level glass
& Lube oil pump
7 Lube oil pump motor
8 Pump/motor bracket
9 Coupling
10 Strainer
11 Foot valve/strainer
12 Pressure-iimiting valve
13 Pressure-control valve
14 Check valve
15 Cooler, 4.6
16 Filter
17 Thermowell
18 Vent
19 Drain
20 Reservoir heater Option 4.4.7a) Electric immersion heater is optional
21 Temperature controi valve Option 46.13  Thermostatically operated three-way
temperature control valve (TV1) is optional
Oil piping, 5.2
Instrumentation, Clause & .
PSLL, PSL, | Pressure indicators/switches Ses IS0 10438-2:2007, Figure B.2&
2]
PDI Differential pressure See |SO 10438-2:2007, Figure B.32.
a To shit-driven pump
b From shft-driven pump
c To equipment bearing housings
d From eguipment bearing Change | Qil drain piping shall have a minimum siope of 1:50
housings (20 mm/m [0.25 infit}}
Add 6.2 Table 3:
a) PSLL for shutdown on low-iow oil pressure
by TS for high oil temperature at cooler outlet
¢) Tt in the oil drain line from each bearing ot
lubricated coupling
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Annex C
(normative)

Hydraulic power recovery turbines

C.1 General
This annex applies to hydrautic power recovery turbines (HPRTs;),

Power recovery is generaily achieved by the reduction of liquid pressure, sometimes with a contribution from
vapour or gas evolution during the pressure reduction. A hydraulic power recovery turbine may be a pump
operated with reverse flow.

C.2 Terminology

This International Standard uses terms that need to be changed or ignored when the standard is applied io
HPRTs. The direction of flow through the HPRT is the reverse of that through the pump. In such a context, the
word “pump’ should be interpreted as meaning "HPRT", the term “pump suction” should be interpreted as
meaning the "HPRT outiet’, and the term “pump discharge” should be interpreted as meaning the "HPRT inlet”.

C.3 Design
C.3.1 Liquid characteristics

e C311 The purchaser shall advise the HPRT manufacturer whether any portion of the process stream
entering the HPRT can flash to vapour and whether absorbed gas in the stream can evolve at any pressure less
than the inlet pressure.

& (312 The purchaser shali specify the volume percentage of vapour or gas, or both, at the turbine outlet and
the pressure and femperature at which the vapour can flash off.

C.3.13 If known, the liquid composition, and the liquid and vapour (or gas) density versus pressure, should
also be specified. It can be necessary to control the HPRT outlet pressure to limit the amount of liquid that flashes
to vapour or the amount of gas coming out of solution,

C.3.2 Seal+flushing system

To avoid shortening seal life, consideration shall be given to the evolution of gas and vaporization in seal-flushing
streams. If this potential exists, a seal flush from other than the HPRT inlet is generally recommended.

C.3.3 Overspeed trip

C.3.3.1 An overspeed trip should be considered if the HPRT and other equipment in the train cannot tolerate
the calculated runaway speed (the maximum speed reached by the HPRT when unloaded and subjected to the
worst combination of specified inlet and outlet conditions). Typically, overspeed trips are set in the range of 115 %
to 120 % of rated speed. It is important to realize that runaway speed with inlet iquids rich in absorbed gas or with
liquids that partially flash as they flow through the HPRT can be several times higher than the runaway speed with
water. With such liquids, the runaway speed cannot be accurately determined,

€.3.3.2 The risk of overspeed is reduced if the driven equipment, such as a pump or fan, cannot realistically
be expected to lose load. The risk is increased if the -driven equipment is a generator, since a sudden
disconnection from electric power circuits unioads the HPRT. in the latter case, automatic sensing and dummy-
load switching shouid be provided.
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16 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

C.3.3.3 Rotor systems that have low inertia and are subject to accidental unloading should be equipped with
a quick-acting brake to prevent damage from overspeed.

C.3.4 Dual drivers

NOTE See Figures C.1 a} and b).

C3.4.1 If an HPRT is used to assist another driver, the considerations in ©.3.4.2 through C.3.4.5 apply.
C34.2 The main driver should be rated to drive the train without assistance from the HPRT.

C.3.4.3 An overrunning clufch (that is a ciutch that transmits torgue in one direction and freewheels in the
other) should generally be used between the HPRT and the train to allow the driven equipment fo operate during
HPRT maintenance and to permit start-up of the train before the HPRT process stream is lined up.

C.34.4 Flow to the HPRT can vary widely and frequently. If the flow drops to about 40 % of the rated flow,
the HPRT stops producing power and a drag can be imposed on the main driver. An overrunning clutch prevenis

this drag.

C.3.45 The HPRT should never be placed between the main driver and the driven equipment.

C.3.5 Generators
NOTE See Figure C.1 ¢).
If a generator is driven by an HPRT on a gas-rich process stream, the generator should be generously sized. The

output power of HPRTs can be as much as 20 % to 30 % or more above that predicted by water tests, as a resuit
of the effects of evolved gas or flashed liquid.

C.::f.ﬁ Throttle valves

For.most applications, valves used to control flow to the HPRT should be placed upstream and near the inlet of
the:HPRT (see Figure C.1). Placement upstream allows the mechanical seals to operate at the outlet pressure of
the;HPRT and, for gas-rich sfreams, permits the gas to evoive, which increases the power output.

C.3.7 Bypass valves

Regardless of the arrangement of the HPRT train, a full-flow bypass valve with modulation capability should be
installed. Common controf of the modulating bypass vaive and the HPRT inlet contro! valve is normally achieved
by means of a split-level arrangement (see Figure C.1).

C.3.8 Relief valves

To protect the HPRT outlet casing infegrity and mechanical seals from possible downstream back-pressure
transients, a relief vaive installed in the HPRT outlet piping circuit should be considered {see Figure C.1).
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8 S 10 1

a) Pump drive at motor speed

11 10 8 12 8

b} Pump drive at greater than motor speed

5 -
|
13

c) Generator drive
Key
1 level indicator, controlier 8 bypass 10 overrunning clutch
2 high-pressure source 7 inlet throtlie valve 11 HPRT
3 spiitrange 8 motor 12 gear
4 reliefvalve 9  pump 13 generator

Y75 low-pressure destination

Figure C.1 — Typical HPRT arrangements
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118 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

C.4 Testing

C.4.1 The HPRT should receive a performance test at the manufacturer's test facility. Hydraulic and mechanical
performance guarantees shall be based on water testing.

C.4.2 Figure C.2 shows recommended test performance tolerances for HPRTs, The pump criteria given in the
main body of this International Standard are not applicable.

C.4.3 \Vibration levels for HPRTs should meet the criteria for pumps given in the main body of this International
Standard.

C.4.4 It can be useful to verify the overspeed trip setting for the HPRT at the manufaciurer's test facility.
Determining the runaway speed during a water test may be considered, but this speed can be accurately
calculated once performance with water is known. Runaway speed for gas-rich steams cannot be determined by

water tesis.
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X flowrate

¥1 differential head, expressed as a percentage
Y2 rated power, expressed as a percentage
rated fiow

rated head

typical head vs. flowrate curve

typical power vs. flowrate curve

low-side tolerance (85 %)

high-side tolerance (105 %)

Figure C.2 — HPRT test performance tolerances
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Annex D
(normative)

Standard baseplates

Table D.1 — Dimensions of standard baseplates

Dimensions in millimetres (inches)

Baseplate Number of 14 ls Iy Iy Is

number hoies per side + 13 {0.5} + 25 (1,0) + 3(0,12) +3(0,12) +3(0,12)
05 3 760 (30,09 1230 {48,5) 465 (18,25} 485 (18,25) 685 (27,0}

1 3 760 (30.0) 1835 (60,5) 615 (24,25} 815 (24.25) 685 (27,0}
1.5 3 760 (30,0) 1840({72,5) 770 {30,25) 770 (30,25} 685 (27,0}

2 4 780 (30,0 2 145 (84.5) 920 (38,25) 815 (24,16) 885 (27.0)
25 3 915 (38,0} 1 535 (60,5) 815 (24,25) 615 (24,25) 840 (33,0)

3 3 915 (38,0} 1 840 (72.5) 770 (30,25) 770 (30,25) 840 (33.0)
35 4 915 (36,0} 2 145 (84,5) 920 (36,25) 615 (24,16) 840 (33,0)

4 4 915 (36,0} 2460 (98,5} 1075 (42,25) 715 (28,16) 840 (33,0)

5 3 1 085 (42,0) 1840 (72,5) 770 (30,25) 770°(30,25) 990 (38,0)
55 4 1085 (42,0 2 145 (84,5} 920 (36,25) 615 (24,16) 990 (39,0}

6 4 1065 (42,0) 2 450 (98,5) 1 075 (42,25) 715 (28,16) 990 {39,0)
8.5 5 1 085 (42,0) 2 755 (108,5) 1225 (48,25) 615 (24,12} 990 (39,0)
7 4 1 245 (49,0 2 145 (84,5} 920 (36,25} 815 (24,16} 1170 {460}
7.5 4 1245 (49,0 2 450 (96,5} 1075 {42.25) 715 (28,186} 1170 (46,0}
8 5 1245 (49,0 2 755 (108,5) 1225 (48,25) 615 {24,12) 1170 (46,0}
9 4 1395 (55,0 2 145 (84,5) 920 (36,25) 615 {24.18) 1320 (52,0}
95 4 1 395 (65,0 2 450 (96,5) 1075 {42,25) 715 (28,16} 1320 (52,0}
10 5 1385 (55,0 2 755 (108,5) 1225 (48,25) 615 (24,12) 1320 (52,0}
11 4 1 550 (61,0} 2 145 (84,5) G20 (36,25) 815 (24,16} 1475 (58,0
11,5 4 1 550 {61.0) 2450 (96,5) 1075 (42,25) 715 (28,18} 1 475 (58,0
12 5 1 550 (61,0 2 755 (1085} 1225 (48,25) 815 (24,12) 1475 (58,0)

NOTE See Figure D.1 for explanation of dimensions.

Capyright Arnerican Petroleum Institute
Frovidad by [HS$ undsr license with AP:
Na rapradustion ar natwerking permitied without licenss from IHS

Sold to: TEBODIN MIDDLE EAST LIMITED, W1087520
Mot for Resale, 7091/5/1 14:43:43 GMT



120 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

Dimensions in millimetres (inches)
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&  For 20 mm (3/4 in) anchor bolts,

Figure D.1 — Standard baseplate
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Annex E

(informative)

inspector's checklist

The levels indicated in Table E.1 may be characterized as follows:

— Level 1is fypically used for pumps in general services;

— Levei 2 comprises performance and material requirements and is more stringent than level 1;

- Level 3 items should be considered for pumps in critical services.

The reguired inspection shall be indicated in the first column as;

- C: Certification anly.

— O: Observed inspection.

— W Witnessed inspection.

Table E.1 — Inspector's checklist

Inspection
required
C,Corw

ltem

IS0 13709:2008
subclause number

Date
inspected

inspected
by

Status

Level 1 — Basic

Casing marking (serial Nc.) 6.133
Motors and electrical components [6.1.22
area classification

Casing jackscrews 6.3.13

Nozzie size, rating and finish®

Outling drawing, 8.4.1.1,
6.4.2

Baseplate requirements 7.3
Certified hydrotest 8.3.2
Performance within telerance 83330}
(certified)

NPSH3 within tolerance (certified) [8.3.4.3.4
Vibration within tolerance {certified) [8.3.3.5 a)
Rotation arrow 6.13.4

Overali dimensions and connaction
tocations®

OQutiine drawing

Anchor bolt iayout and size?

Qutline drawing

Auxiliary piping flow diagram Annex B
Piping fabrication and instailation 7.5
Equipment nameplate data 6.13.2
Oil and bearing temperature 81024

| {certified)
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Table E.1 {continued)

Inspection
required
C.Oorw

ltem

iSO 13709:2009
subclause number

Date
inspected

inspected
by

Status

Level 1 — Basic

Restrained rotor

84.2.1

Storage preservation instructions

847

Rust prevention

84.22 8423 8425,
§4.27 8420 8412

Painting 8424

Preparation for shipment 84.1,84.26,84.28

Shipping documents and tags 845 843 8456
L.evel 2 — Intermediate {add to level 1)

Copies of sub-vendor purchase

order

Material certification 6.12.1.8

Non-destructive examination 6.12.15 8.22.1

{componenis}

Hydrotest (witnessed) 83.2

Buiiding records {frunouts,
clearances}

66.7, 66.9 686.10,
8.6.13,6.74, 8224,
93.3.1,9.342 83821,
8.3.12.2 &)

Performance and NPSH tesis 8.3.3,8343
{witnessed)

{ evel 3 — Special (add to levels 1 and 2)
Welding proceduras approved 6.12.3.1
Welding repairs approved 51232
Welding repair maps None
impellerfrotor batancing 6.9.4,8242
Bearing inspection after testing 89275
Nozzle forces and mements test 7.3.21
Mechanical run test 8.3.4.2
Compiete unit test 8344
Sound tevel test 83.45
Auxiliary eguipment test 8.3.45
Resonance test (bearing housing) |8.3.4.7,9.3.8.2

2 Check against certified dimensionat outline drawing.
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Annex F
(normative)

Criteria for piping design

F.1 Horizontal pumps

F.1.1 Acceptable piping configurations shouid not cause excessive misalignment between the pump and driver.
Piping configurations that produce component nozzle loads lying within the ranges specified in Table 5 limit
casing distortion to one-half the pump vendor's design criterion (see 6.3.3) and ensure pump shaft displacement
of iess than 250 um (0,010 in).

F.1.2 Piping configurations that produce loads outside the ranges specified in Table 5 are alsc acceptable
without consultation with the pump vendor if the conditions specified in F.1.2 a} through F.1.2 ¢) as foliows are
safisfied. Satisfying these conditions ensures that any pump casing distortion is within the vendor's design criteria
(see 6.3.3) and that the displacement of the pump shafi is less than 380 pm (0,015 in).

a) The individual component forces and moments acting on each pump nozzle flange shall not exceed the
range specified in Tabie 5 (T4) by a factor of mere than 2.

b) The resultant applied force (Frga, Frpa) @nd the resultant applied moment (Mpgs, Mgpa) acting on each
pump-nozzie flange shail satisfy the appropriate interaction equations as given in Equations (F.1) and (F.2):

[Freaf(1,5 x Frgta)] + [Mrgal(1,5 % Mrgrall < 2 (F.1)
[Frpaf(1.5 X FrpTa)l + IMRpal(1,5 % MrpTa)l < 2 (F.2)

¢) The applied compeonent forces and moments acting on each pump nozzle flange shall be transtated to the
centre of the pump. The magnitude of the resultant applied force, Frea, the resultant appiied moment, Mgca,

and the applied moment shall be limited by Equations (F.3) to (F.5). (The sign conventicn shown in
Figures 21 through 25 and the right-hand rule should be used in evaluating these equations.)

Frea < 1.5(Frst4 + FrOT4) (F.3)

| Myca | < 2,0(Mygr4 + Mypra) (F.4)

Mrea < 1.3(MRg14 + MRpT4) (F.5)
where

Frea = (Fxca)? + (Fyca)? + (Fzoal®
where

Fxca = Fxsa+ Fxoa

Fyea = Fysp + Fypa

Fron=Fzep+ Fzon

Mpoa = Ubxca)? + (Myca)? + (Mzop)?P®
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124 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

where
Mygp = Myga+ Mypp — [(Fysa)(e8) + (FypalzD) — (Fzga) 008) ~ (Fzpa) 0D)FT 000
Myca = Myga + Myppa + [(Fxsal(zS) + (FxpadzD) — (Fzsa)(xS) — (FzpadxD)]/1 000
Mzen = Mzgp + Mzpa — [(Fxsa)(0S) + (Fxpa) D) — (Fysa)(x8) — (Fypa)(xD))/1 000

In USC units, the constant 1 000 shall be changed fo 12. This constant is the conversion factor to change
millimetres to metres or inches to feet.

F.1.3  Piping configurations that produce loads greater than those aliowed in F.1.2 shall be approved by the
purchaser and the vendor,

NOTE In order fo evaluate the actual machine distortion (at ambient conditions). the piping alignment checks required in
AP| RP 688, Chapter 6, should be perfarmed. APl RP 888 allows only a small fraction of the permitted distortion resuiting from
use of the values from this annex.

F.2 Vertical in-line pumps

Veriical inline pumps (OH3 and OHB) that are supported only by the attached piping can be subjected to
component piping loads that are more than double the values shown in Table 5 if these loads do not cause a
principal stress greater than 41 N/mm2 (5 950 psi) in either nozzle. For calculation purposes, the section
properties of the pump nozzles shall be based on Schedule 40 pipe whose nominal size is equal to that of the
appropriate pump nozzle. Equations (F.6), (F.7) and (F.8) can be used to evaluate the principal stress, the
longitudinal stress and the shear siress, respectively, in the nozzies.

For 8] units, Equations (F.6) to (F.8) apply:

o, = (072) + (0%/4 + 72)05 < 41 ' (F6)
6= [1.27R (D2 - DR)] + [10 200D, (My2 + Mz20SWD* - D) (F.7)
7= [1,27(F2 + F,2050(D 2 ~ DR) + [5 100D.{ My ND* - D) (F.8)

For USC units, Equations (F.9) to (F.11) apply:

0 = (0/2) + (c2/4 + £2)0.5 < 5 950 : {F.9)

6 = [1,2TFA(D2 ~ DA + [122D(My? + Mz2)%5(D4 — D) {F.10}

7= [127(Fy2 + F;205Y(Dy2 ~ DR) + [61D,( My DDA ~ D) (F.11)
where

% is the principal stress, expressed in megapascals (pounds-force per square inch);

o is the longitudinal stress, expressed in megapascals (pounds-force per square inch);

T is the shear stress, expressed in megapascais (pounds-force per square inch);

Fy is the applied force on the X axis;

Fy is the applied force on the Y axis;

Fy is the applied force on the Z axis;

My is the applied moment on the X axis;
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My

Mz

is the applied moment on the Y axis;

is the applied moment on the Z axis;

D, D. are the inner and outer diameters of the nozzles, expressed in millimetres (inches).
+ o

Fy, Fy, Fz, My, My, and M; represent the applied loads acting on the suction or discharge nozzles; thus,
subscripts S, and D, have been omitted to simplify the equations. The sign of Fy is positive if the load puts the
nozzle in tension; the sign is negative if the load puts the nozzle in compression. Reference can be made to
Figure 21 and the appiled nozzie loads to defermine whether the nozzle is in tension or compression. The
absolute value of My should be used in Equations (F.8) and (F.11).

F.3 Nomenciature

The following definitions apply to the sample probiems in Clause F 4.

c

S

XM E

XY, Z

is the centre of the pump. For pump types OH2, BB2 and BBS with two support pedestals, the centre is
defined by the intersection of the pump shaft centreline and a vertical plane passing through the centre
of the two pedestals {see Figures 24 and 25). For pump types BB1, BB3 and BBS with four support
nedestals, the centre is defined by the intersection of the pump shaft centreline and a vertical plane
passing midway between the four pedestals (see Figure 23);

is the discharge nozzle,

is the inside diameter of Schedule 40 pipe whose nominal size is egual to that of the pump nozzle in
question, expressed in millimetres (inches);

is the outside diameter of Schedule 40 pipe whose nominal size is egqual to that of the pump nozzle in
question, expressed in millimetres (inches),

is the force, expressed in newtons (pounds force);

is the resultant force; Firga and Frp, are calculated by the square root of the sum of the squares
method using the applied compoenent forces acting on the nozzie flange; Frgy, and Fgpr, are extracted
from Table 5, using the appropriate nozzle size;

is the moment, expressed in newton metres (foot-pounds force);

is the resultant moment; Mrgs and Mpp, are calculated by the square root of the squares method using
the applied component moments acling on the nozzle flange, Mpgrs 8nd Mgpr, are extracted from
Table 5 using the appropriate nozzle size;

is the principal stress, expressed in megapascals (pounds force per square inch);

is the longitudinal stress, expressed in newtons per square millimetre (pounds per square inch),

is the shear stress, expressed in hewtons per square millimetre (pounds per square inch);

is the suction nozzle;

are the location coordinates of the nozzle flanges with respect to the centre of the pump, expressed in
millimetres (inches),

are the directions of the load {see Figures 21 o 25),

Subscript A is an applied load;

Subscript T4 is a load extracted from Table 5.
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126 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

F.4 Sample problems 16
F.4.1 Example 1A — Sl units
F.4.1.1 Problem

For an overhung-end suction process pump (OH2), the nozzie sizes and location coordinates are as given in
Table F.1. The applied nozzle loadings are as given in Table F.2. The problem is to determine whether the
conditions specified in F.1.2 a), F.1.2 b) and F.1.2 c) are satisfied.

F.4.1.2 Solution
F.4.1.2.1 A check of condition F.1.2 a) is as follows.
For the DN 250 end suction nozzle:

| FygalFysta | =1 +12 900/6 670 = 1,93 <200
| FysalFygtal =1 0/5 340 | =0 < 2,00

| FygalFzgral=1-8 852/4 450 = 1,99 < 2,00

| MygalMygra | =11 356/5 020 |= 0,27 < 2,00
| Myga/Mygry | =15 017/2 440 |= 2,06 > 2,00
| MygplMygrs | =] ~7 458/3 800 | = 1,96 < 2,00

Since Mygs exceeds the value specified in Table 5 (Si units) by more than a factor of 2, it is not satisfactory.
Assume that My, can be reduced to -4 878. Then,

| MygalMygrs | =14 879/2 440 |= 1,999 < 2,00
For the DN 200 top discharge nozzie:

| FypalFxpra|=!+7 117/3 780 = 1,88 < 2,00

f FYDA/FYDT; |={-445/3 110[=0,14 < 2,00

| FypplFzpTa =1 +8 874/4 890 [= 1,77 < 2,00

| MypalMyprs | =1 +678/3 530 1= 0,19 < 2,00

| Mypaldyprs | =1 -3 390/1 760 1= 1,93 < 2,00

| MyppMapts =] -4 882/2 580 = 1,89 < 2,00

Provided that Myg, can be reduced to -4 879, the applied piping leads acting on each nozzle satisfy the condition
specified in F.1.2 a).

16 These sample problems are merely examples for illustration purposes only. [Each company should develop its own
appreach.] They are not to be considered exclusive or exhaustive in nature. AP makes no warranties, express or implied for
refiance on.or any omissions from the information contained ifi this document.
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Table F.1 — Nozzle sizes and location coordinates for Example 1A

Nozzle SE;ZNE ml;n mym mzm
Suction 250 +267 0 )
Discharge 200 0 ~311 +381

Table F.2 — Applied nozzle loadings for Example 1A

Force Va:{ue Moment VS}:,'e

e - Suction —
Fxsa +12 90C Mysa -1 356
Fysa 0 Mysa 50172
Fzsa -8 852 Mazgp -7 458

e —_ Discharge —
Fxpa +7 117 Mypa +678
Fypa -445 Mypa ~3 380
Fopa +8 674 Mapp -4 882

8 SeeF4.1.2.1

F4.1.22

A check of condition F.1.2 b) is as follows.

For the suction nozzle, Frgs and Mgg, are determined using the square root of the sumn of the squares method:

Fagp = [(Fxga)? + (Fygal® + (Fzaa)?l?8 = [(+12 800)? + (0)2 + (-8 852)2]%5 = 15 845

Mpsa = [(Myga)? + (Myga)? + (Mzga)?10% = [(~1 356)2 + (-4 879)2 + (-7 458)]%5 = 9 015
Referring to Equation (F.1):

Freal(1.5 % Frgrg) + Mroaf(1.5 % Mggrg) =2

15 845/({1,5 x 9 830) + 9 015/(1,5 x & 750) <2

186 <2

For the discharge nozzle, Frpp and Mpn, are determined by the same method used to find frg, and Mpga:

Frpa = [(Fxpa)? + (Fypa)? + (Fzpal? PP = [(+ 7 117)2 + (-445)2 + (+8 674)719.5 = 11 229
Mppa = [Mypa)? + (Mypa)? + (Mzpp)?105 = [(+678)° + (-3 380)2 + (-4 882)%105 = 5 982
Referring to Equation (F.2}:
Froal(1.5 % Frprg) + Mrpp/{t.5 x Mgprq) <2
11 229/(1,5 x 6 920) + 5 982/(1,5 x 4 710) <2
. 1,83 <2
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128 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

The loads acting on each nozzle satisfy the appropriate interaction equation, so the condition specified in F.1.2 b)
is satisfied.

F.4.1.2.3 A check of condition F.1.2 c} is as foliows.

To check this condition, the applied component forces and moments are franslated and resolved to the centre of
the pump. Fr4 is determined as follows [see F.1.2 o)L

Fxca= Fxsa+ Fxpa

Fyca = Fysa + Fypa

Fzon=Fzsat Fzpa

Frea = [(Fxca)? + (Fyop)? + (Fzop)®?

Fygp = (+12 800) + (+7 117) = +20 017

Fypp = (0) + (—445) = -445

Fyop= (-8 852) + (+8 674) = —178

Frea = [(+20 017)2 + (-445)2 + (-178)2]05 = 20 023
Referring to Eguation (F.3):

Frea < 1.5 x {Frgt4 + FrDTA)

20023 < 1,5 x (8630 + 6 920)

20 023 < 24 825
My is determined as follows [see F.1.2 ¢)}.

Myop = Myga + Mypa + {FxspahzS) + (FxpaleD) — (Fzsa)(x8) — (Fzpa)(xD})/1 000

= (~4 879) + (-3 390) + [(+12 900)(0,00) + ...
o+ (17 117)(+381) — (-8 852)(+267) ~ (+8 874)(0,00)}/1 000

=-3 194
Referring to Equation (F.4):
| Myeal < 2,00Mygrs + Myprs)
| -3 194 | < 2,0(2 440 + 1 760)
3194 < 8 400
Mg is determined as follows [see F.1.2 c}].
Mycop =Myga + Mypa ~ UFyealz8) + {(FypaleD) — Fzsa)(08) — (Fzpa)(vP)/1 000
Myop = Mysa + Mypa + [(Fxga)(zS) + (FxpaleD) = (Fzga)(x8) - (Fzpa)(xD))/1 000

MZCA = MZSA + MZDA - i(FXSA)U’S) + (FXDA)(yD) - (FYSA)(XS) - (JF‘\(D,.!:\)(—’CD)]J'E 000
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Mpoa = {Mxca)? + (Myca)® + (Mzcal PP
Myea = (-1 358) + (+678) — [(0)(0,00) + (-445)(+381) ~ (-8 852)(0,00) - (+8 674)(-311)}/1 000
=-3 2086
Mycp = —3 184 (see previous calculation)
Mycp = (-7 458) + (-4 882} — [(+12 900)(0,00) + {+7 117H{-311} — (0(+267) — (-445)(0,00)]/1 000
=-10127
Mpgop = 1(=3 208)2 + (=3 194)2 + (-10 127)2)0.5
=11 082

Referring to Equation (F.5)

Mpea < 1.5 x (Mpgrs + MRpTa)

11092 < 1,6 x (6760 +4 710)

11 092 < 17 180
Thus, all the requirements of F.1.2 ¢) have been satisfied.
F.4.2 Example 2A — S] units
F.4.21 Problem
For a DN 80 x DN 100 x 178 mm vertical in-iine pump (OH3 or OHB), the proposed applied nozzle loadings are
as given in Table F.3. By inspection, Fyga, Mzga, and Mypna are greater than two times the values shown in
Table 5 (31 units). As stated in Clause F.2, these component loads are acceptable provided that the caiculated
principal stress is less than 41 MPa. The problem is to determine the principal stress for the suction nozzie and
the discharge nozzie,

Tabie F.3 — Proposed applied nozzle loadings for Example 2A

Force Varéue Moment VNa_!:‘e
s e DN 100 suction -
Fxga -2 224 Myga +136
Fysp -5 338 Mysa -2 034
Fraa +1 334 Mzsa +1 356
— s N 80 discharge —
Fyoa +1334 Mypa +2 712
Fyop -2 224 Mypa +271
Fopa +445 Mopa +136
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F.422 Solution
F.4.2.21  Suction nozzie calculations are as follows:
For Schedule 40 pipe with a nominal size of DN 100, D = 114 mm and D, = 102 mm. Therefore,
D2 - D2 ={114)2 ~ (102)2 = 2 592
DA - DA = (114)% - (102)% = 6,085 = 107
[(Fygp)? + (Fzga)?105 = [(—2 224)2 + (+1 334)210.5 = 2 593
[(Mxsa)? + (Mzga)I8 = [(+136)2 + (+1 356)7]°= = 1 363
Equation (F.7) is used to determine the longitudinal stress for the suction nozzle, o,

The applied Fyga load acting on the suction nozzie is in the negative Y direction and produces a compressive
stress, therefore, the negative sign on Fygy is used,

g = [1,27FygallD 2 — DT + {10 200D {Mygp? + Mzgp?) S D4 — D)
=[1,27(-5 338)/2 592] + [10 200 x 114 x 1 363/(6,085 = 107)] = 23,52
Equation (F.8) is used to determine the shear stress for the suction nozzle, r,
7o = [1.27(Fyga)? + (FzsalPP1(D? = DA + 10,51 x 104D, (1 Myga DD, - D)
= (1,27 x 2 583/2 592) + [5 100 x 114 x (| -2 034 | )}/(6,065 107)] =20,77
The principal stress for the suction nozzle, ¢, ,, is calculated using Equation (F.6):
Tpe = (0/2) + (o214 + 1,205 < 41
= (+23,52/2) + [(+23,52)%/4 + (+20,77)2]0:% < 41
=+35,83 < 41
Thusg, the suction nezzle loads are satisfactory.
F.42.22 Discharge nozzle calculations are as follows:
For Schedute 40 pipe with a nominal size of 80 mm, D, = 89 mm and D, = 78 mm. Therefore,
D2 - D2=(89)2— (78)2 = 1 837
DA - Df = (89)* - (78)* = 2,573 x 107
{(Fypal? + (Fopa)?I05 = [(+1 334)2 + (+445)2]0:5 = 1 406
[(MXDA}2 + (MzDA)2]0'5 =[(+2 712)2 + (+136)2]%5 = 2 715

Equation (F.7) is used fo determine the longitudinal stress for the discharge nozzle, oy,
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The applied Fyp, load acting on the discharge nozzle is in the negative Y direction and produces a tensile stress;
therefore, & positive sign on Fyp, is used.

0y = [1,27Fypal(De? = DAL+ [10 200D4(Mypa? + Mzpa2)0 5D - D4
=[1,27(+2 224)/1 837] + [10 200(89)(2 715)}/2,573 = 107 = 97,33
Equation (F.8) is used to determine the shear siress for the discharge nozzle, .
=11 ,27(FXDA)2 + (Fypay? o802 ~ D;’«)} +[b 100D, | Mypa E)]!(Do“ - D%
=[1,27 x 1 406/1 837] + [5 100 x 88 x (| +271 )/(2,573 x 107)} = 5,75

The principal stress for the discharge nozzle, o, p, is calculated using Equation (F.6):
o o = (0p/2) + (op?i4 + 152)05 < 41

= (+97.33/2) + [(+97,33)2/4 + (+5,75)2]%5

= +97,67 > 41
Thus, the discharge nozzle loads are too large. By inspection, if Myp,a is reduced by 50 % to 1356 N-m, the
resulting principal stress sfill exceeds 41 MPa, Therefore, the maximum value for Myp, is twice Myprg, of
1800 N-m.
F.4.3 Exampie 1B — USC units
F.4.3.1 Problem
For an overhung end-suction process pump (OH2), the nozzie sizes and location coordinates are as given in
Table F.4. The applied nozzle loadings are as given in Table F.5. The problem is to determine whether the

conditions specified in F.1.2 a), F.1.2 b), and F.1.2 ¢) are satisfied.

Table F.4 — Nozzle sizes and location coordinates for Example 1B

Bimensions in inches

Nozzie Size x ¥ z
Suction 10 +10,50 0 0
Discharge 8 0 -12.25 +15

Copyrght Amarhcan Peyalaun Institute
Provided by 1S undar ficenss with AP
No repraducticn or networking permitled without license from IHS

Soid 0. TRRBODIN M:DDLE EAST LIMITED. W1007820

Not for Resale 2011751 14:43:43 GMT



132 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES
Table F.5 — Applied nozzle loadings for Example 1B
Force VT;?e Moment \';?:;f
—_ —_ Suction —
Fyxaa +2 900 Myxsa -1 000
Fyga 0 Myga -3 7008
Foap -1 980 Mg -5 500
—_ — Discharge —
Fxon +f 860 Mypa +500
Fypa -500 Mypa -2 500
Fonp +1 950 Moy ~3 600
& SBeeF4121

F.4.3.2 Solution
F.4.3.21 A check of condition of F.1.2 a) is as follows;
For the 10 in end suction nozzle:

| FyaalFygra | =1+2800/1 500 | = 1,93 <2,00
| FygplFygra i=10/12001=0<2,00

E FrgalFzaral=1~1990/1 000 |= 1,99 < 2,00
il MygalMygrs | =1 —1000/3 700 | = 0,27 < 2,00
| MygafMygra =1 -3 70011 800 1= 2,08 > 2,00
| Magp!Mzgta | =] -5 500/2 800 |=1,96 < 2,00

Since Myg, exceeds the value specified in Table 5 (USC units) by more than a factor of 2, it is not satisfactory.
Assume that Myg, can be reduced to -3 598. Then,

| MygalMygra | =1 —3 5991 800 | = 1,999 < 2,00
For the 8 in top discharge nozzle:

| FypalFypr | =!+1 600/850 | = 1,88 < 2,00

| FypalFypy | =1 -100/700 1= 0,14 < 2,00

| FopplFapra =141 85071 100 {= 1,77 < 2,00

| Mypa/Mypra | =1 +500/2 800 [= 0,19 < 2,00

| MyppiMynrs | =12 500/1 300 | = 1,93 < 2,00

| Mapa/Mznts | =1 -3 BUO/ 900 | = 1,89 < 2,00
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Provided that M\ g, can be reduced to ~3 599, the applied piping loads acting on each nozzle satisfy the condition
specified in F.1.2 a).

F.4.3.2.2 A check of condition F.1.2 b) is as follows:
For the suction nozzle, Frg, and Mg, are determined using the square root of the sum of the squares method:
Frea = [(Fxsa)? + (Fysa)? + (Fzsp)?1%8 = [(+2 900)? + (0) + (-1 990)2)95 = 3 517
Mpga = [(Myga)? + (Myga)? + (Mpga)?T0® = [(-1 000)? + (-3 599)2 + (-5 500)2|05 = 6 649
Referring to Equation (F.1},
Frgall1,8 % Frgra) + Mpga/(1.5 % Mpgr4) <2
3517/(1,6 x 2200} + 6 648/(1,5 x 5 000) < 2
1,85 <2
For the discharge nozzle, Frps and Mgp, are determined by the same method used to find Frgy and Mpga!
Fapa = WFxpa) + (Fypa)? + (Fzpa¥10® = [(+1 800)2 + (-100)? + (+1 950)2105 = 2 524
Mgpa = Mypa)? + (Mypa)? + (Mzpal?18® = [(+500)2 + (-2 500)2 + (-3 B00)2)05 = 4 411
Referriﬁg to Equation {F.2),
Frpa/(1,5 x Frpta) + Mapa/(1.5 x Mppea) <2
2524/(1,6 x 1560} +4411/(1,6 x35600) <2

1,82 <2

The loads acting on each nozzle satisfy the appropriate interaction equation, so the condition specified in F.1.2 b)
is satisfied.

F.4.3.2.3 A check of condition F.1.2 ¢} is as follows.

To check this condition, the applied component forces and moments are translated and resolved to the centre of
the pump. Frep i determined as follows [see F.1.2 ¢)]:

Fxca=Fxsa* Fxoa

Fyea = Fysp + Fypa

Fzen=Fzsn + Fzon

Frea=Fxcal? + (Fyeal + FzealP®
Fyop = (+2 800) + (+1 600} = +4 500
Fyep = (0) + (-100) = -100

Fyop = (-1 890) + (+1 850) = —40

Froa = [(+4 5002 + (~100)? + (~40)2/%5 = 4 501
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134 CENTRIFUGAL PuMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

Referring to Equation (F.3),
Frea <19 x(Freta + FROT4)
4 501 < 1,6 x (2 200 + 1 &560)
4501 <5640
Mycp Is determined as follows [see F 1.2 )l
Myca = Mysp + Mypp + [(Fxsal(S) + (FxpallzD) — Fzsal (65} ~ (FzpallxD)i12
= {~3 598) + (-2 500) + [(+2 900)(0,00) + (+1 600}+15) — (-1 890)(+10,5) — (+1 950)(0,00}/12
= -2 358
Referring to Equation (E.4),
| Myca | <2,0 % (Mygrs + Mypyrs)
| -2 358 < 2,0 x {1800 + 1.300)
2 358 <8 200
Mpeais determined as follows [see F.1.2 ¢)]:
Mycp = Myga + Mypa = [(FygalzS) + (Fypp)(zD) — (Fzsp)0:S) — (Fzpa)GD)/12
Mycp = Mysa + Mypp + [(FxgahzS) + (Fxpal(@D) ~ (Fzga)(S) - (Fzpp)xD))12
Mzop = Mzga + Mapp = [(Fxsa)0S) + (Fxpal D) — (Fyga)(x8) - (Fypa)xD))/12
Mpon = [(Mxca)® + (Myca)? + (Mzcp)?105
Mycp = (=1 000) + (+500) - [(0)(0,00) + (-100)(+15,00) - (-1 880}(0,00) - (+1 930)(-12,25)}/12
= -2 366
My = -2 358 (see previous caiculation)
My ={-5 500} + (-3 600} - {(+2 800)(0.00} + {+1 600)(-12,25) ~ (0){+10,50) - (-100)(0,00))/12
=7 467
Macp = [(~2 368)2 + (-2 358)2 + (-7 467)2[95 = 8 180
Referring to Eqguation (F.5},
Mpca < 1.5 x {Mpgrs + MrpT4)
8180 < 1,5 x (5 000 + 3 500)

8180 <12 750

Thus, all the requirements of F.1.2 ¢) have been satisfied.
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APl STANDARD 6810150 13708 135

F.4.4 Example 2B — USC units
F.44.1 Problem

For a NPS 3 x NPS 4 x 7 in vertical in-line pump (OM3 or OMB), the proposed applied nozzle loadings are as
given in Table F 6. By inspection, Fzga, Mzsa. and Mypa are greater than two times the values shown in Table 5
(USC units). As stated in Clause F.2, these component loads are acceptable provided that the calculated principal
stress is less than & 950 psi. The problem is to determine the principal stress for the suction nozzie and the
discharge nozzie.

Table F.6 — Proposed applied nozzie loadings for Example 2B

Force Véll;;le Momen \;ta:;f
= . NPS 4 suction .
Fyen -500 Mysa +100
Fosa ~1 200 Mysa 10
Frsn +300 Mzga, +1 000
— _ NPS 3 discharge -
Fxon +300 Mypa +2 000
Py ~500 Mypa +200
Faon +100 Mzoa =

F.4.4.2 Solution
F.4.42.%  Suction nozzle calculations are as foliows.
For Schedule 40 pipe with a nominat size of 4 in, D, = 4,500 in and D, = 4,028 in. Therefore,
D,2 - D2 = (4,500)2 - (4,026)2 = 4,04
Dy - D = (4,500)% — (4,026)* = 147,34
[(Fxsa)? + (Fzsa2IP8 = [(-500)2 + (+300)208 = 583
[(Myga)? + (Mzgal?l®5 = [(+100)2 + (+1 000)1%5 = 1 005
Equation (F.10} is used to determine the longitudinal stress for the suction nozzle, o; ..

The applied Fygs load acting on the suction nozzle is in the negative Y direction and produces a compressive
stress; therefore, the negative sign on Fyg, is used.

os =1 27 FygallDg2 ~ DE + 122D (Mygp? + Mzga?) P WDA - D)
=11,27 » (-1 200)/4,04] + [122 x 4,500 = 1 005))/147,34

=3 367
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136 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

Eguation (F.11) is used to determine the shear siress for the suction nozzle, ..
7= [1,27(Fyga? + Frga?)P0W(Do2 — DAY + 181D,( Mygp D(D* ~ D)
= {1,27 x 583/4,04) + [61 = 4,500( -1 500 )/147 34]
=2978
The principal stress for the suction nozzle, o, ., is calculated using Equation (F.9):
0,5 = (04/2) + (0214 + 79)05 < 5 950
= (+3 367/2) + [(+3 367)2/4 + (+2 978)2]05
=+5 105 < § 950
Thus, the suction nozzle leads are satisfactory.
F.4.42.2 Discharge nozzle calculations are as follows.
For Schedule 40 pipe with a nominal size of 3 in, D, = 3,500, and D, = 3,088, Therefore,
D2~ D = (3,500)2 - (3,068)2 = 2,84
DGt~ D = (3,500) - (3,068)* = 61,47
[(Fxpa)? + (Fzpp)?1%8 = {(+300)2 + (+100)%)°5 = 316
[(Mypp)? + (Mzp 2108 = [(+2 000)2 + (+100)2%5 = 2 002
Equation {F.10) is used to determine the fongitudinal stress for the discharge nozzle, a ;.

The applied Fyp, load acting on the discharge nozzle is in the negative Y direction and produces a tensile stress;
therefore, a positive sign oh Fypa 18 used.

0,p = [1.27Fypal(De? = DA + [122D4(Mxpp? + Mypa?)?2W(Ds* - DY)
= [1,27(+500)/2,84] + [122(3 5)(2 002)1/61,47
=14 131
Equation (F.11) is used to determine the shear sfress for the discharge nozzle, .
15 = 11,27(Fypp2 + F2pp2)0 3D 2 — DAY + [B1D,¢ Myna DD, - DA}
= (1,27 % 316/2,84) + [61 x 3,500 x {| +200 [}/61,47] = 838
The principal stress for the discharge nozzie, o, 5, is calculated using Equation (F.9):
Gpp = (0pf2) + (op?4 + 1p?)05 < 6 950
= (+14 131/2) + [(+14 131)2/4 + (+836)2105 = +14 181 > 5 850
Thus, the discharge nozzle loads are too large. By inspection;f-Myp, 18 reduced by 50 % to 1 000 f:Ibf, the

resuliing principal siress stili exceeds & 850 pst. Therefore, the maximum value for My, is twice Mypr,, of
1400 ftibf, :
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Annex G
(informative)

Materials class selection guidance

Table G.1 is intended to provide general guidance for on-plot process plants and off-plot transfer and loading
services. It should not be used without a knowledgeable review of the specific services involved.

Table G.1 — Materials class selection guidance

Service Temperature range Pressure | Materials | Ref.
og (°F) range class note
Fresh water, condensate, cooling tower water <100 <212 Al -1 or I-2 —
Boiling water and process water <120 < 250 All I-1 orI-2 a
120 t0 175 | 250 to 350 All S-5 @
> 175 > 350 All 5-6, C-6 a
Boiler feed water
Axially split > 95 > 200 All C-6 _
Doubie-casing (barrel) - > 05 > 200 All 5.8
Boiler circulator > 85 > 200 All C-8 -
Foul water, reflux drum water, water draw, and <175 < 380 Al S-3 or 56 b
hydrocarbons containing these waters, including reflux ~ 175 > 350 All o8
streams e
Propane, butane, liguefied pefroleum gas, ammonia, 230 < 450 All 5-1 —
ethylene, low temperature services (minimum meta T > 50 Al S-1(LCB}) n
# ture
emperatuire) > .73 >-100 Al S-1(LC2) h
> 100 > -150 Alf S-1(LC3) hi
>~196 > -320 All A-7 ar A-8 hi
Diese! oil; gasoling; naphtha, kerosene; gas oils; light, < 230 < 450 Al 5-1 -
medium and heavy iubricating oils; fuel oil; residuum; o
crude oil; asphalt; synthetic crude bottoms 23010 370 | 450 to 700 Al S-6 °
> 370 > 700 All C-6 b
Non-corrosive hydrocarbons, e.g. catalytic reformate,| 230 to 370 | 450 to 700 All 5-4 ¢
isomaxate, desuifurized oils i
Xylene, toluene, acetone, benzene, furfural, MEK, < 230 < 450 All S-1 —
cumene
Sodium carbonate <175 <« 350 Al i-1 -
Caustic (sodium hydroxide), concenfration < 20 % <100 <212 Alf 5-1 d
> 100 =212 Alt o e
Seawater <85 <200 All . f
Sour water < 260 < 470 All D-1 —
Produced water, formation water and brine All All All D-1 orB-2 7
Sulfur (liquid state) All All All S-1 —
FCC siurry ST <370 <700 All c-6 -
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138 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

Table G.1 {confinued)

Service Temporature range Pressure | Materials | Ref.

agy (°F) range class notfe

Potassium carbonate <175 < 350 Adl c-8 -
< 370 < 700 All A-8 —

MEA, DEA, TEA stock solutions <120 < 280 All S-1 —
DEA, TEA-lean solutions <120 < 250 Adl S-1 or 5-8 dg
MEA-lean solution {CO,, only) 80 to 150 175 io 300 All S8 d
MEA-lean solution (CO, and H,S} 80 to 150 175 to 300 Ali S-8 dg
MEA-, DEA-, TEA-rich solutions < 80 175 All S5-10rS-8 d
Sulfuric acid concentration > 85 % <38 <100 All 5-1 b
85%to<1% <230 < 450 All A8 b
Hydroftuoric acid concentration > 86 % < 38 < 100 All S-9 b

The materials for pump parts for each material class are given in Annex H.

Specific materials recommendations should be obtained for services not clearly identified by the service descriptions
listed in this table.

Cast iron casings {6.12.1.8), if recommended for chemical services, are for nen-hazardous locations only. Steel casings

should be used for pumps in services located near process plants or in any iocation where released vapour from a failure
can create a hazardous situation or where pumps can be subjected {o hydraulic shock, for example in loading services.,

2 Oxygen content and buffering of water should be considered in materiat selection.

P The cerrosiveness of foul waters, hydrocarbons over 230 °C (450 °F), acids, and acid sludges can vary widely. Material
recommendations should be obtained for each service, The material class indicated above is satisfactory for many of these services, but
shall be verified. 5-8 materiale may also be congidered for operating temperatures below 85 °C (200 °F).

¢ If product corrosivity is low, class 5-4 materials may be used for services at 231 °C to 370 °C {451 °F 10 700 °F), Specific material
recommendations should be obtained in each instance.

¢ All welds shall be stress-relieved,

& UNS N08007 or Ni-Cu alloy pump material shouid be used.

f For seawater, produced water, formation water and brine services, the purchaser and the vendor shouid agres on the consfruction
materials that best suii the intended use.

5  The vendor shall consider the effects of differential material expansion betwean casing and rofor and confirm suitability If operating
temperatures can exceed 85 °C (200 °F).

B Materiais selected for low-temperature services shall meet the requirements of 6.12.1.6 and 6.12.4. Casting alloy grades L.CB, L.C2
and LC3 are shown only for reference. Grades LCB, LC2 and LT3 refer to IS0 4991, C23-45BL, C43E2al and C43L are equivalent to
ASTM A3B2/A352M, grades LCB, LC2 and LC3. lise equivalent materials for wrouight alioys.

t Material alioys based on aluminium, bronze, aluminium bronze and nickel, may also be considered for temperatures as low as
—196 °C («~320 °F).
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Annex H
(normative)

Materials and material specifications for pump parts

Table H.1 lists material classes for the purchaser o select (see 6.12.1.2).

Tables H.2, H.3, and H.4 may be used for guidance regarding materials specifications. if these tables are used, it
should not be assumed that the material specifications are acceptable without taking full account of the service in
which they will be applied. Table H.2 lists corresponding international materials that may be considered
acceptable. These materials represent family/type and grade only. The final required condition or hardness leve!
{where appropriate) is not specified. These materials might not be interchangeable for ali applications.
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142 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES
Table H.2 — Material specifications for pump parts
Iner- USA Europe Japan
Material Appli- nationai
class cations ;
IS0 ASTM UNSA END Grage | Material Jis
Pressure 185/Gr 250 A2TBIAZTEM F12401 EN 1561 EN-GJL-250 | JL 1040 G 5501, FC 250
castings Class 30
Castiron
General 1856/Gr 300 AAB/A4E8M F11701/ EN 1561 EN-GJL-250 [ JL 1040 G 5501, FC 2501300
castings Class 25/30/40 | F12101 EN-GJL-300 [ JL 1058
Pressure 4991 A216/A216M Ja3062 EN 10213 GP 240 GH 1.081%8 G 5151, CISCPH 2
castings C23-45 AH Gr WCB
Wrought/ 683-18-C25 | AZ66 Ciass 4 K035086 EN 16222-2 P 280 GH 1.0426 G 3202, CI SFVC 2A
forgings
Bar stock: 583-18-C25 ABSE Gr B40 (10200 EN 10273 P 295 GH 1.0481 G 4051, CI 825C
pressure
Bar stock: | 683-18-C45e | A576 Gr 1045 G10450 | EN 10083-2 C 45 1.0603 G 4081, Ci 845C
general
Boilts and 2604-2-F31 AT93ATG3M G41400 EN 10269 42 Cr Mo 4 1.7225 (5 4107, Class 2,
Carbon studs Gr B7 SNB7
stoef Nuts 683-1-C45 | A104/A194M | K04002 | EN 10269 C35E 1.1181 G 4051, Cl $45C
Gr 2H
Plate 9328-4, AB16/A516M | K02403/ | EN 10028-3 P 355 N 1.0562 G 3106, Gr SM400B
P 355 TN/ Gr 85/7C KO2700 P 355 NL1 1.0566
PL 35S TN
Pipe 9329-2 PH26 | A106/A106M K03008 EN 10208-1 L 245 GA 1.0459 G 3456,
GrB ’ Gr. STPT 370/410
Fittings s A105/A108M KO3504 e — — G 4051, Gl 825C
G 3202, Ol SFVC 2A
SFVC2ZB
Bar stock —_ A434 Class BB | G41400° | EN 100831 | 42CrMo 4 1.7225 G 4105, CI SCM 440
A434 Class BC
4140 Boltsand | 2604-2-F31 | A193/A193M | GA1400 | EN 10269 | 42CrMo4 | 17025 | G 4107 Class?2,
stee! studs GrB7 SNB7
Nuts 683-1C45 A184/A194M K04002 EN 10269 C45E 1.1181 G 4051, CI 845C
Gr 2H
Pressure —_ ALBTIALABTIM JO1540 EN 10213 GX 4 Cr Ni 1.4317 G 5121, C18CS 6,
castings Gr CABNM 13-4 SCS BX
General o ATA3ATAIM Jg1150 EN 10283 | GX12cCr12| 1.4011 G 5121,C18CS8 1,
castings GrCA 15 SCS 1X1
e ATA3IATA3M J91540 EN 10283 GX 4 CrNi 1.4317 G 5121, CI 8CS 6,
Gr CASNM 13-4 8CS 1X1
Wrought/ 683-13-3 A182/A182M 541000 EN 10250-4 X12 Cr13 1.4006 G 3214,
129, forgings: GrFéa Gl EN 10222-5 Gr. SUS 416-A
hroﬂ:e pressure A182/A182M G 3214, CI 8US
Csteel Gr F6 NM S41500 X3CrNiMo | 14313 F& NM
13-4-1
Wrought/ 663-13-2 A4TI Type 4101 S41000 | EN 10088-3 ;7 X 12Cr13 1.4006 G 3214,
forgings: Gr. SUS 410-A
general
Bar stock: 683-13-3 ALTYALTIM 541000 EN 10272 X12Cri3 1.4006 G 4303
pressure Type 410 Gr. SUS 410 or 403
Bar stock: 683-13-3 A276 Type 410 | S41400 | EN 10088-3 ) X 12Cr13 1.4006 G 4303
general Gr. SUS 410 or 403
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Table H.2 (confinued)

inter-
. USA Europe Japan
Material Appli- national
class cations
150 ASTM UNS@ ENP Grade | “atenal Js
Bar stock: 683-13-4 AZ76 Type 420§ 542000 EN 10088-3 ] X20Cr13 1.4021 G 4303,
forgings® A473 Type 4161 S41800 X20CrS813} 14005 Gr. SUS 42041 or
ABB2/ABEZM 544600 X20Cr813 1.4005 420J2
Type 416
12% Bolts and 35061, ATSIATEIM 541000 EN 10268 X22CrMo 1.4823 G 4303
chrome studs® C4-70 Gr B6 v 12-1 Gr. SUS 410 or 403
steel
Nutsd 3506-2, A1G4/A194M 541000 EN 10269 X22CrMe 1.4823 G 4303
C4-70 Gré Vo121 Gr. SUS 410 0r 403
Piate 683-13-3 AZ40/AZ40M S41000 | EN 10088-2 | X 12Cr13 1.4008 G 4304/4308
Type 410 Gr. SUS 403 or 410
Pressure 883-13-10 A3STA3BIM Ja2500 BSIIBS/ GX2 Cr i 1. 4308 G 5121, CI1SCS 19A
castings GrCF3 EN 10213-4 18-11
583-13-19 A351/A351M JS2800 BSIBS/ GX2 CrNi 1.4408 G 5121, CI 8CS 16A
Gr CF3M EN 10213-4 | Mo 19-11-2 3CS8 18AX
General - ATA3IATAIM JO2500 EN 10283 GX2 CrNi 1.4309 G 5121, CI 5CS 18A
castings GrCF3 19-11
- ATA3IATAIM 492800 EN 10283 GXZ Cr Ni 1.4409 (G 5121, CI 8CS 164,
Gr CF3M Mo 18-11.2 SCS 16AX
Wrought/ 9327-5, A182/A182M 830403 | EN 10222-5 X2 CrNi 1.4306 G 3214, Gr. SUSF
forgings XCrNit8-10 Gr F 304L 19-11 304 L
a327-5, A1821A182M 831603 EN 10222-5 § X2 Cr Ni Mo 1.4404 G 4304/4305,
XCriiMio GrF 318L EN 186250-4 17-12-2 Gr. SUS 304L7318L
1712
Bar stock® 9327-5 A47A4TEM 830403 EN 10088-3 X2 CrNi 1.4306 G 4303
X2Cmi18-10 Type 3044 831603 1 EN 10088-3 19-11 1.4404 Gr. SUS 304 L
AATGIALTIM X2 Cr Ni Mo G 4303
Type 3161 17-12-2 Gr.SUS316L
" A276
Aystenitic
stainless grade 3181
steel 9327-5 ALTYALTEM 820810 — — —_— —
X2CrNiMo Type XM19
17-12
Plate 8328-5 A24A240M 530403 EN 10028-7 X2 CrNi 1.4306 G 4304/4305,
X2CrNiMo Gr 304L/318L. 831603 | EN 10028-7 19-11 1.4404 Gr. SUS 304 /316 L
17-12-2 X2 Cr NiMo
17-12-2
Pipe 683-13-10 A312/A312M 530403 — — —_ G 3459
683-13-18 Type 304L S31603 Gr. SUS 304 LTR/
36L 316 LTP
Fitlings 9327-5, A182/A182M 830403 | EN 102225 X2 CrNi 1.4306 G 3214
X2CrNi18-10 Gr F3044, 531603 19-11 1.4404 | Gr. SUS F304L/F316L
9327.5, Gr316L X2 Cr Ni Mo
X2CrNivio 17-12-2
17-12
Bolis and 3506-1, AT83/A193M 531600 EN 10250-4 | X6 Cr Ni Mo 1.4571 G 4303, Gr. SUS 318
studs A4-70 GrB8M TiA7-12-2
Nuts 3506-2, A194/A194M $31600 ¢ EN 10250-4 | X6 Cr NiMo 1.4571 G 4303, Gr. SUS 318
Ad-70 GrB&8M Ti17-12-2
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Tabkle H.2 {coniinued)
Inter- | Usa Europs Japan
Material Appli- nationa
class cafions
IS0 ASTM UNSa END Grade | Materal NS
Pressure _ AB9D/ABSOM BSIBS! GX2 1.4517 —
castings Gr18 EN 10213-4 | CrNiMoCuN-
ABO5/A995M | jgaa7n 26-6-3-3
GriB
— ABSD/ABSOM Jg3371 — —_— — G 5121 Gr. 8CS 11
Gr3A Jg3371
AGS5/ADE5M
Gr3A
_ ABSOH/ABSOM Jg2205 BSI/BS/ GX2 1.4517 G 5121, Gr. 8C8 10
Gr4 A JO2205 EN 10213-4 | CrNiMoCuN-
ASOS/AY5M 25-6-3-3
Gréd A
Wrought/ 9327-5, A1B2/A182ZM 531803 EN 10250-4 | X2CrNiMoN- 1.4462 —
forgings X2CrNiMoN GrF 51 EN 10222-5 22-5-3
22-5-3
Duplex
stainless — A479/A4TON: | S32550 | EN 10088-3 | X2CrNiMoCu |  1.4507 —
sieel N-25-6-3
Bar stock §327-5, AZ76-831803 S31803 | EN 10088-3 | X2CrNilvioN- 1.4462 B 2312/B 2316
X2CrNiMo 22-5-3 Gr. SUS 329 J3L
N22-5-3
Ptate — AZ40/A240M- 831803 | EN 10028.7 | X2CrNiMoN- | 1.4462 G 4304/G 4305
531803 22-5-3 Gr. SUS 328 J3L
Pipe —_ ATI0/ATIOM- 531803 — — — G 3459
531803 Gr. SUS 328 J3LTP
Fittings 9327.5, A182/A182M 531803 EN 10250-4 | X2CriNiMoN- 1. 4462 B 2312/B 2318
X2CrNiMo GrF 51 EN 10222-5 22-5-3 Gr, SUS329J3L
N22-5-3
Bolts and e A276-531803 S31803 | EN 10088-3 | X2CrNiMoN- 1.4462 G 4303
studs 22-5-3 Gr. SUS 328 J3L
Nuts —_ AZTE-331803 831803 EN 10088-3 | X2CrNiMoN- 1.4462 G 4303
22-5-3 Gr. SUS 328 J3L
Pressure — ABSU/ABSOM J93404 BSIBS/ GXZ2CrNiMo 1.4489 —
casfings Gr 5A EN 10213-4 N26-7-4
. ABSOH/ABSOM Jg3380 s — —_— —
Gr 6A
Wrought/ — A82/ALB2NM 532750 EN 10250-4 | X2CrNiMoCu 1.4501 G 4303,
forgings Gr 55 san750 | EN 10088-3 | WN 25-7-4 Gr. SUS 329 J4L.
Super Bar stock —_ AZ78-532760 532750 | EN 10088-3  X20NiMaCu 1.4501 G 4304/G 4305
duglex AGTSIAATSM- | 532760 WN 26-7-4 Gr. 5US 329 J4L
stainless 832780
steell
Plate e AZ40/A240M- 832750 | EN10028-7 | X2CmMNiMoCu | 1.4501 —
532760 $32780 WN 25-7-4
Pipe — ATAU/ATIOM- 532750 — - s G 3459,
832750 S32780 Gr. SUS 328 JALTP
Fittings —_ A1B2/A182M 832750 EN 10250-4 | X2CrNiMoCu 1.4501 B 2312/B 2316
GrF55 S30760 | EN 10088-3 | WN 25-7-4 Gr. SUS 328 J4L
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Table H.2 (continued)

inter-
. USA Europe Japan
Materiat Appli- nationat . P
class cations i
150 ASTH UNS® ENP Grade | Meterial s
Super Bolts and e A276-832760 532750 | EN 10088-3 | X2CrNiMaCu | 1.4501 G 4303
Guplex studs 832780 WK 25.7.4 Gr. SUS 320 441
stainiess Nuts —_ A276-832760 | $32760C | EN 10088-3 | X2CrNiMoCu| 1.4501 G 4303
steel 832760 WH 25-7-4 Gr. SUS 329 J4L
& UNS (unified numbering system) designation for chemisiry only.
B Where EN standards do not yet exist, European national standards are available, e.g. AFNOR, BS, DIN, etc.
S Do not use for shafts in the hardened condition {over 302 HB).
g Special, normally use 4140 alloy steel.
€  For shafts, standard grades of austenitic stainiess steel may be substituted in place of low-carbon (L) grades,
f Super Duplex stzinless steel classified with pitting resistance equivalent (PRE) number greater than or equat to 40:
PRE = we, + 3,3wy,, + 16wy, where w is the percantage mass fraction of the element indicated by the subscript.
Table H.3 — Nor-metallic wear part materials
Temperature limits Limiting pressure differential
. °C (°F) per wear part linear measure _
Material . - of 25 mm (4,0 in) Application
min. ) kPa (har; psi}
Polyether ether ketone -3 (~20) 135 (278} 2 606 (20; 30D} Stationary parts
{PEEK)
Chopped-carbon-fibre
filled
Polyether ether ketone ~30 {20} 230 (450} 3 500 (35; 500), or Stationary or
(PEEK) 14 009 (140; 2 000) if suitably rotating
Continuous-carbon- supporied
fibre wound
PFA/CF reinforced 46 (~50) 230 (460) 2 GO0 (20; 300; Stationary parts
composite
20 % mass fraction
random X-Y oriented
carbon-fibre
Carbon graphite Stationasy parts
Resin-impregnated B0 (~55) 285 (550) 2 000 (20, 300)
Babbitt-impregnated ~100 (-150) 150 (300) 2 750 (27,5, 400)
Nickel-impregnated -195 (-320) 400 (750) 3500 (35, 500}
Copper-impregnated 100 {(~150}
Non-metallic wear part materials that are proven compatibie with the specified process iiguid may be proposed within the above limits.
See §.7.4 c}.
Such materials may be selected as wear components for mating against a suitably selecied rmetallic component such as hardened 12 %
Cr steel or hard-faced austenitic stainless steel. Materiais may be used beyond these limits if proven application experience can be
provided, and if approved by the purchaser.
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Tabie H.4 — Piping materials
Fluid
Auxiliary process liquid Steam Cooling wafer
Gauge pressure . .
Component Category kPa (bar: psi) Nominal size
Material Standard Optional
classes |-t | Allweldable | . 5005 75) | 500 (5;75) < DN 25 > DN 40
and -2 {1 NPS}) {1 1/2 NPS)
Carbon steel,
(galvanized to
Pipe Seamless® Seamless® Seamless? Seamless® — 130 10584 or
ASTM A153/
A153M)
Stainless steel | Stainless steel | Stainless steel Stainless steel | Stainiess steel
Tubing® (Seamless {Seamiess (Seamiess {Seamless (Seamiess —--
type 318) type 316 type 316) type 318) type 315)
Al valves Class 800 Ciass 800 Ciass 800 Class 800 Class 200 | Class 200
Bronze Bronze

Gate and globe | Bolted bonnet | Bolted bonnet | Bolted bonnet Boited bonnet . -
valve and gland and gland and gland and gland

Malieable iron | Malleable iron
L {galvanized to | (gaivanized to
Pipe fitlings Forged class Forged ciass Forged ciass Forged class 1SO 10884 or | 1SO 10684 or

and unions 3000 3000 3000 3000 ASTM A153/ | ASTM A153/
AT53M) A153M)
Tube fittings Manufacturer's | Manufacturer's | Manafaciurer's Manufacturer's | Manufacturer's .
9 standard standard standard standard standard
Fabricated
joints £ DN 25 Threaded Socket-welded Threaded Socket-welded Threaded —
(1 NPS)
Fabricated
joints i . . . . Purchaser to
= DN 40 specify
(1 12 NPS) .
Austenific Austenitic
Gasiets e stainless steel _ stainless steei — —_
spiral-wound spiral-wound
Flange bolting — 4140 alioy steel e 4140 alloy sieel — —

a8  Schedule 80 shall be used for pipe sizes from DN 15 to DN 40 (NPS 1/2 to NPS 1 1/2); schedule 40 shall be used for sizes DN 50

(2 NP8} and larger.
B Acceptable tubing sizes (in accordance with 1SC 4200} are the following:

12,7 mm dia. x 1,66 mm wall (1/2 in dia. » 0,065 in wall);
19 mm dia, = 2,6 mm wall (344 in dia. x 0,095 in wall};
25 mm dia. x 2,9 mm wali (1 in dia. » ©,109 in wall).
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Annex |
(normative)

Lateral analysis

I.1  Lateral analysis

{.1.1 General

If a lateral analysis is required (see 9.2.4.1), the method and assessment of results shall be as specified in 1.1.2
through 1.1.5. Table |.1 iilustrates the analysis process. The method and assessment specified are peculiar to
horizontal-axis liquid-handiing turbomachines.

Table 1.1 — Rotor lateral analysis logic diagram

Step If... then...

1 the pump and conditicns of service are analysis is not needed.
identical or similar to an existing pump
with a proven operating record,

2 the rotor is classically stiff (8.9.1.2), gnalysis is not needed,

3 neither 1 nor 2 is tfrue, analysis is required.

.1.2 Natural frequencies
The repori shall state the following:
a) the rotor's first, second and third *dry” bending natural frequencies (see 6.8.1.2);

NOTE 1 The “dry” bending natural frequencies serve as useful reference points for subseguent analysis of the damped
natural frequencies. ‘

NOTE 2  Usual design practice is to investigaie overhung modes, coupiing and thrust coliar, and set their first bending
natural frequency at separation margin at least 20 % above the highest potential excitation frequency (based on maximum
continuous speed) before carrying out iateral analysis of the rotor,

b) ali the rotor's damped natural frequencies within the frequency range zero to 2,2 times maximum continuous
speed, which shall be calculated for the speed range 25 % to 125 % of rated, taking account of the following:

1) stiffness and damping at the following internal running clearances at the expected temperature:
— as-new clearances, with water,
— as-new ciearances, with the pumped liguid,
—  2Zx (two mes) the as-new clearances, with the pumped liguid;

2) stiffness and damping at the shaft seals (if tabyrinth type);
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148 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

3y stiffness and damping within the bearings for the average clearance and oil temperature. The effect of
bearing stiffness and damping in pumps is generally minor in comparison to that of the internal running
clearances; therefore, it is sufficient to analyse the bearings at their average clearance and oil
temperature;

4) mass and stiffness of the bearing support structure;
5) inertia of the pump half-coupling hub and half the coupling spacer;

NOTE Though the higher order damped natural frequencies can be close to impeller vane passing frequency, there is no
experience in liguid-handiing turbomachines pointing to rotor-dynamics problems caused by such proximity. This is deemed a
conseguence of the compiex mode shape(s), relatively fow excitation energy and sufficient damping at the higher frequencies
involved.

c) values or the basis of the stiffness and damping coefficients used in the calculation.
.1.3 Separation margins and damping

For both as-new and 2x as-new clearances, the damping factor versus separatioh margin between any bending
natural frequency and the synchronous run line shall be within the "acceptable” region shown on Figure [1. If this
condition cannot be satisfied, the damped response to unbalance shall be determined (see 1.1.4).

NOTE in liquid-handling turbomachines, the first assessment of a rotor's dynamic characteristics is based on damping
versus separation margin, rather than amplification facior versus separation margin. Two factors account for this basis. First,
the rotor's natural frequencies increase with rotative speed, a conseguence of the differential pressure across internal
clearances also increasing with rotative speed. On a Campbsl diagram {see Figure 1.2}, this means that the closer separations
are between the running speed and natural frequencies rather than between the running speed and the critical speeds.
Because the amplification factor at the closer separations is not related to synchronous (unbalance) excitation of the rotor, if
can be developed only by an approximate caiculation based on the damping. Second, employing damping allows the
specification of a minimum vaiue for natural frequency to running speed ratios from 0,8 to 0,4, thereby assuring that the rotor is
free from significant subsynchronous vibration.

The iogarithmic decrement, 5, is related to the damping factor, £, as given in Equation (1.1):
§ = (@ng/(1 - £2)05 1)

For &up to 0,4, the approximate relationships given in Equation (1.2) between £, § and amplification factor, F,, are
sufficiently accurate for practical purposes:

&= 812n
=142 % F,) (1.2}

in fiquid-handiing furbomachines, critically damped conditions correspond to the following:

£20,15
520,95
Fa<3,33

NOTE 1 The values given for critically damped conditions in fiquid-handling turbomachines differ from those in API
standards for gas- or vapour-handiing turbormachines. The difference reflects successful operating experience with liguid-
handling turbomachines designed using the values in this annex.

NOTE2  Damping of &> 0,08 over the range /. /., 0.8 to 0.4 is supported by design and operating experience with liguid-
handling turbomachines, which demonstrates that designs satisfying this requirement have not suffered probiems with
subsynchronaus rotor vibration.
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1.4 Damped unbalance response analysis

If the damping factor versus separation margin for a mode or modes is not acceptable by the criteria in Figure 11,
the rotor's damped response to unbaiance shail be determined for the mode(s) in question on the following basis:

a) the pumped liquid;
b) clearance condition{s), as-new or 2x as-new, causing inadequate separation margin versus damping;

¢) total unbalance of four times (4x) the allowable value (see 9.2.4.2.1) lumped at one or more points to excite
the mode(s) being investigated.

Only one mode shall be investigated in each computer run.,
.1.5 Allowable displacement

The peak-to-peak dlsplacement of the unbalanced rotor at the point{s) of maximum displacement shall not exceed
35 % of the diametral running clearance at that point. L

NOTE in centrifugal pumps, the fypical damped response to unbaiance does not show a peak in displacement éi
resonance large enough to assess the amplification factor. With this limitation, assessment of the damped response ta
unbalance is restricted to comparing rotor displacement to the available clearance.
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Y 4
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Key

X frequency ratio, £ /70
Y damping factor, &

1 acceptable region
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Y4

Ny
a b X

Key
X pumping speed, expressed in revolutions per minute 8 as-new clearance
Y frequency, f, : 7 2xclearance
1 minimum separation margin, 1st £, 8 as-new clearance
2 minimum separation margin, 2nd f, 9 2xclearance
3 critical speeds 10 tun fine
4 second bending a2 Minimum.
5 first bending P Maximurn.

Figure 1.2 — Typical Campbeli diagram
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.2 Shop verification of rotor dynamic characteristics

& 1.2.1  |f specified, the dynamic characteristics of the rotor shall be verified during the shop test. The rofor's
actual response to unbalance shall be the basis for confirming the validity of the damped lateral analysis. This
response is measured during either variable-speed operation from rated speed down to 75 % of the first critical
speed or during coast-down. if the damped response fo unbalahce was not determined in the original rotor
analysis (see |.1.4), this response shall be determined for a pump with new clearances handling water before
proceeding with shop verification. The test unbalances shall be vectorially added in phase with the residual
unbalance, at iocations determined by the manufacturer (usually at the coupling andfor thrust coliar).

NOTE The principal objective of shop verification by response to unbalance is to verify the existence of a critical speed
{vibration peak} within the tolerance of the calculated vaiue, or, if the analysis predicted a highly damped critical speed, the
absence of a vibration peak within tolerance of the calculated vaiue. Shop verification by this method is feasible only for pumps
that have sleeve bearings and that are furnished with proximity probe pairs at each journal bearing.

1.2.2  The magnitude and location of the test unbatance(s) shall be determined from a calibration of the rotor's
sensitivity to unbalance. The calibration shall be performed by obtaining the vibration orbits at each bearing,

filtéred to rotor speed (1x), during fwo trial runs as follows:
&) . with the rotor as-buil;
by with trial unbalance weights added 80° from the maximum displacement in run a).

The magnitude of the test unbalances should be such that the calculated maximum shaft displacement caused by
the resuliant total unbalance (residuatl plus test) is 150 % tc 200 % of the allowable displacement from Table 8 or
Table 9 at the bearing probes, but shall not exceed eight times the maximum allowable rotor unbalance.

L2.3  During the test, the rotor's speed, vibration displacement and corresponding phase angle, filtered to rotor
speed (1x), shall be measured and recorded.

1.2.4  The rotor's characteristics éhait be considered verified if the foilowing requirements are met:

a) observed critical speed(s) {distinct vibration peak and appropriate phase shift) within + 10 % of the calculated
value(s),

b) measured vibration amplifudes within 35 % of the calculated values.

Highly damped critical speeds might not be observable, therefore the absence of rotor response in the region of a
calculated highly damped critical speed is verification of the anaiysis.

.2.5  If the acceptance criteria given in [.2.4 are not met, the stiffness or damping coefficients, or both, used in
the natural frequency calcuiation shali be adjusted to produce agreement between the calculated and measured
results. The cosfficients of one type of element, annular clearances with /D < 0,15, annuiar clearances
LID > G185, impeller interaction, and bearings shall be adjusted with the same correction factor, Once agreement
is reached, the same correction factors shall be applied to the calculation of the rotor's natural frequencies and
damping for the pumped liquid, and the rotor's separation margins versus damping factors rechecked for
acceptability.

Of the coefficients used in rotor lateral anaiysis, those for damping in annular clearances have the highast
uncertainty and are, therefore, usually the first that are adjusted. The stiffness coefficients of annular clearances
typically have a low uncerfainly and, therefore, should be adjusted only on the basis of supporing data.
Adjustments of bearing coefficients require specific justification because the typical values are based on reliable
empirical data.

126  Alternative methods of verifying the rotor's dynamic characteristics, for example variabie-frequency
excitation with the pump at running speed to determine the rotor's natural frequencies, are available. The use of
alternative methods and the interpretation of the results shall be agreed between the purchaser and manufaciurer,
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.3 Documentation

The report on a lateral analysis shall include the following:

a)

)

results of initial assessment (see 9.2.4.1.1);

fundamental rotor data used for the analysis, which may be the fundamental model,

Campbell diagram (see Figure 1.2},

plot of damping ratio versus separation margin;

mode shape at the critical speed(s) for which the damped response fo unbalance is determined (see |.1.4);
Bode plot(s) fram shop verification by unbalance (see |.2.3);

summary of analysis corrections to reach agreement with shop verification (see 1.2.5).

Jtems e) through g} shall be furnished only if the activity dosumented is required by the analysis or specified by
the purchaser.
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Annex J
(normative)

Determination of residual unbalance

J.1 General

This annex describes the procedure used ic determine residual unbalance in machine rotors. Although some
balancing machines may be set up to read out the exact amount of unbalance, the calibration can be in error. The
only sure method of determining residual unbalance is to test the rotor with a known amount of unbalance.

J.2 Terms and definitions

J.24
residual unbalance
amount of unbalance remaining in a rotor after balancing

NOTE Unless otherwise specified, residual unbalance is expressed in gram-millimetres (g-mm) Jounce-inches (oz-inj}.

J.3 Maximum allowable residual unbalance
4.3.1  The maximum aliowable residuai unbalance per plane shall be determined from Table 19.

J.3.2 If the actual static load on each journal is not known, assume that the total rotor mass is equally
supported by the bearings. For exampie, a two-bearing rotor with a mass of 2 700 kg (8 000 ib) can be assumed
to impose a mass of 1 350 kg (3 000 Ib) on each journal.

J.4 Residual unbalance check
J.4.1 General

J.4.1.1 When the balancing machine readings indicate that the rotor has been balanced to within the
specified tolerance, a residual unbalance check shall be performed before the rotor is removed from the balancing
machine.

® J4.1.2 To check the residual unbalance, a known frial mass is attached {o the rotor sequentially in 6 {or 12, if
specified by the purchaser} equally spaced radial positions, each at the same radial distance. The check is run in
each correction plane, and the readings in each plane are plotted on a graph using the procedure specified in
J4.2.

J.4.2 Procedure

J.4.21 Select a trial mass and radius that provides between one and two times the maximum ailowable
residual unbalance fthat is, if Uypgy i 1440 g-mm (2 ozn), the trial mass is expecied to cause 1440 gmm to
2 88C g-mm (2 oz-in to 4 oz-in) of unbalance].

J.4.2.2 Starting at the last known heavy spot in each correction plane, mark off the specified number of radial
positions (6 or 12) in equal (60° or 30°) increments around the rotor. Add the trial mass to the last known heavy
spot in one plane, If the rofor has been balanced very precisely and the final heavy spot cannot be determined,
add the trial mass to any one of the marked radial positions.

J.4.2.3} To verify that an appropriate trial mass has been selected, operate the balancing machine and record
the reading on the meter. If the reading is at the upper fimit of the meter range, a smaller trial mass shall be used,
Gopyright Amaricen Pe(rc;éumlnsl‘sium o

Provided oy [HS undsr licanse with AP 154 Sald w:TESODIN MIDDLE EAST LIMITED, WA007520
o reproduction of netwarking permitted wilhout license from 1HS Mol for Resele 2011601 14:43:43 GMT



APt STANDARD 61080 13709 155

if there is little or no meter reading, a larger trial mass shall be used. Little or no meter reading generally indicates
that the rotor was either not balanced correctly, or the balancing machine is not sensitive enough, or the balancing
machine is faulty (e.g. a faulty transducer). Whatever the error, it shall be corrected before proceeding with the
residual check.

J.4.2.4 Locate the mass at each of the equally spaced positions in turn, and record the amount of unbalance
indicated on the meter for each position. Repeat the initial position as & check. All verification shall be performed
using only one sensitivity range on the baiance machine.

J.4.2.5 Plot the readings on the residua! unbalance work sheet and caiculate the amount of residuai
unbalance (see Figures J.1 and J.2). The maximum meter reading occurs when the trial mass is added at the
rotor's heavy spot; the minimum reading occurs when the trial mass is located opposite the heavy spot. Thus, the ¢
plotted readings are expected to form an approximaie circle (see Figures J.3 and J.4). An average of the
maximum and minimum meter readings represents the effect of the trial mass. The disiance of the circle's centre
from the origin of the polar plot represents the residual unbalance in that plane. :

J.4.2.6 Repeat the steps described in J.4.2.1 through J4.2.5 for each balance plane. if the specified -
maximum allowable residual unbatance is exceeded in any balance plane, the rotor shall be balanced more :
precisely and checked again. If a correction is made to any balance plane, the residual unbalance check shall be
repeated in al! planes.

J.4.2.7 For progressively balanced rotors, a residual unbalance check shall be performed after the addition
and balancing of the first rotor component, and at the completion of balancing of the entire rotor, as a minimum.

NOTE This ensures that fime is not wasted and rotor componenis are not subjected to unnecessary material remaval in
attempting to balance a multiple-component rotor with a fauity balancing machine.
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156 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

Equipment (rotor) No.:

Purchase order No.:

Correction plane (inlet, drive end, etc. — use sketch):

Balancing speed: r/min
7 = maximumm allowable rofor speed: t/min
m {or W) = mass of joumal (ciosest to this correction plane). kg (i)
Upnax = maximum allowabie residual unbalance = 6 350m/n (4 #/n)
6 350 x kg/ r/min; (4 x b/ r/min) g-mm {0z-in)
Trial unbalance (2 % U, g-mm {oz-in)
R = radius of mass placement: mm {in)
Trial unbalance mass = Trial unbalance/R
g-mm/ mm { oz-ind in) g (oz)

NOTE Conversion informaticn: 1 oz = 28,350 g

Test data Rotor sketch
Position Trial mass Balan_cing machine
angular location amplifude readout
1
2
3
4
5
8
7

Test data — Graphic analysis

Step 1: Plot data on the potar chart (Figure J.2). Scale the chart so the largest and smallest ampiitudes will fit
conveniently.

Step 2: With a compass, draw the best-fit circle through the six poinis and mark the centre of this circle.

Step 3. Measure the diameter of the circle in units of

scale chosen in Step 1 and record. units

Step 4: Record the trial unbatance from above. g-mm {oz-in)
Step 5. Double the triaf unbalance in Step 4 (may use

twice the actual residual unbatance). g-mm {oz-in)

Step 6: Divide the answer in Step 5 by the answer in Step 3. scale factor

You now have a correlation between the units on the polar chart and the actual halance.

Figure J.1 — Residual unbalance work sheet
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The circle you have drawn shall contain the origin of the polar chart. If it doesn't, the residual unbalance of
the rotor exceeds the applied test unbalance.

NOTE Several possibilities for the drawn circle not including the origin of the poiar chart are operator error duting
balancing, a fauity balancing machine transducer or cable, or a balancing machine not sensitive enough.

If the circle does contain the origin of the polar chart, the distance between origin of the chart and the centre
of your circle is the actual residual unbalance present on the rotor correction plane. Measure the distance in
units of scale you chose in Step 1 and multiply this number by the scale factor determined in Step 6.
Distance in units of scale between origin and centre of the circle times scale factor equals actual residual
unbalance.

Record actual residual unbalance g-mm {oz-:in)
Record allowable residual unbalance g-mm {oz-in)
Correction plane for rotor No. (has/has not) passed.
By Date

Figure J.1 (continued)

00

330° T 3p°

3000 S0 R i ’ 2, 80°

280" i | Ry 120

210° iR 150°

180°

Figure J.Z — Residual unbalance work sheet — Polar chart
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158 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

Equipment {rotor) No.: C-101

Purchase order No.:

Correction plane (inlet, drive end, etc. — use sketch): A

Balancing speed: 800 rimin
n = maximum allowable rotor speed: 10 000 r/min
m(or W) = mass of journal (closest ¢ this correction plane). 908 (i)
Urnax = maximum allowable residual unbalance =6 350m/n (4 Win)
4 = 908 Ib/10 000 r/min 0.36 _ (ozin)

Trial unbalance (2 x U ) 0,72 (ozin)
R = radius of mass placement: 6,875  (in)

Trial unbalance mass = Trial unbalance/R
0.72 oz-in/G,875 in 010 (oz}

NOTE Conversion information: 1 oz = 28,350 g

Test data Rotor sketch
POSiion | o iiar Jocation |  ampliude resdout
1 0° 14,0
2 60° 12,0
3 120° 14,0
4 180° 23,8
5 240° 230
6 300° 15,5
T 0° 13.5

Test data — Graphic analysis

Step 1: Plot data on the polar chart (Figure J.4). Scate the chart so the largest and smallest amplitudes will fit
conveniently.

Step 2: With a compass, draw the best-fit circle through the six points and mark the centre of this circle.
Step 3: Measure the diameter of the circle in uniés of

scale chosen in Step 1 and record. 35 units

Step 4: Record the trial unbatance from above. 0.72  {oz:in)
Step 5: Double the trial unbalance in Step 4 (may use

twice the actual residual unbalance). 144  (ozin)
Step 6: Divide the answer in Step 5 by the answer in Step 3. G.041 scale factor

You now have a correlation between the uni{s on the polar chart and the actual balance.

Figure J.3 — Example of completed residual unbalance workshest 7

17 This exarmnple is merely for llustration purposes only. [Each company should develop its own approach.] They are
not to be considered exclusive or exhaustive in nature. APl makes no warranties, express or implied for reliance on
or anv amissions from the information contained in this document.
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The circle you have drawn shall contain the origin of the polar chart. If it doesn't, the residual unbalance of
the rotor exceeds the applied test unbalance.

NOTE Several possibilities for the drawn circle not including the origin of the poiar chart are operator error duting
balancing, a faulty balancing machine transducer or cable, or & balancing machine that is not sensitive enough.

If the circle does contain the origin of the polar chart, the distance between origin of the chart and the centre
of your circle is the actual residual unbalance present on the rotor correction plane. Measure the distance in
units of scale you chose in Step 1 and multiply this number by the scale factor determined in Step 6.
Distance in units of scale between origin and centre of the circle times scale factor equals actual residual

unbalance.

Record actual residual unbalance 850041 =027 {0z-in)
Record allowable residual unbalance 0,36 {oz-in)
Correction plane A for rofor No. C-11 {has) passed.
By John Inspector Date 2002-04-30

Figure J.3 (continued)

00
330° T 30°
77[
if1L7 |
) Al ] Hii
fiL l
300° . ) i
-“-_\ =y o “I
270°5E= e 90°
= ]
240° i i 120°
7% . S
A
l‘ i |
h
T
210° LI 150°
180°

Figure J.4 — Example of completed residual unbalance worksheet ~
Best-fit circle for residual unbalance8

18 This example is merely for iliustration purposes only. {Each company shouid develop its own approach.] They are
not to be considered exclusive or exhaustive in nature. APl makes no warranties, express or implied for reliance on
or any omissions from the information contained in this document. =7 " "7

Copyright Amarican Patrolaum |nstifute

Frovided by IHS under license with AR
Mo reproductian of retworking permitted without license from IHS

Sold to: TEBODIN MIIDDLE EAST LMITED, W1i0e7520
Not for Rassia, 201 1/6/1 14:43:43 GMT



Annex K
(informative)

Shaft stiffness and bearing system life

K.1 Guideline on shaft stiffness for overhung pump types OH2 and OH3

K.1 presents a standardized method for calculation of overhung pump shaft flexibility index. If specified
(see 8.1.1.3), the shaft flexibility index shall be calculated by the vendor in accordance with this subciause and
stated on the data sheet.

The design and operation requirements for overhung pump rotors are detailled in several areas of this
internatiocnal Standard. This subclause lists these requirements and establishes a standardized process of
caiculating a shaft flexibility index that may be used to evaluate these latter parameters and to establish a
baseline for the comparison of shaft flexibility.

For a shaft of two diameters, D, under the seal sleeve and D, between the bearings (see Figure K.1), the shaft
stifiness is inversely proportional to what is generally termed the shaft flexibility index, SFl or Igr, defined as given
in Eqguation (K.1):

gp = L3IDyt + Ly L2 D" (K1)

where L, is the overhang (centreline of impeller o line bearing) and L, is the bearing span.

In rotor designs typical of refinery pumps, D, > Dy and L, < L, the second term accounts for only about 20 % of
the total value of Ige, so the convention is to assess overhung pump shaft stiffness using a shortened expression
as given in Equation (K.2)

[SF EL131!D14 (K.Z)

 }
i

o0,
&0,

5 5
ey
1 simplified shaft 4 impelier end
2 radial load on the impeller 5 support (bearing}
3 defiection 6 overhang pump

£.45)

@  The deflection is proportionai to the load, 4
Dy Dy

Figure K.1 — Simpie overhung rotor

ﬁ)c;pyrighl American Petroiaum Instituts
Provided by tHS under license with ARt 160 Sold 10 TEBODIN MIDDLE EAST LIMITED, W1097520

No reproduction or networking permitted witheut license from IHS Mat for Resale,2014/6/1 14:43:43 GMT



APl STANDARD 610150 13709 161

The shortened calculation for /gr, Eguation (K.2}, was used extensively by refiners in the 1870s and 80s to
compare overhung pump rotor stiffness and assign a maintenance cost factor to the price of pumps whose Ige
was some multinle, typically 1,2, of the lowest value of the pumps offered for the service. That practice led to the
development of the higher stiffness rotors necessary to achieve longer pump mean time between repair (MTBR)
and in the 1990s, lower shaft-seal leakage for reduced volatile-organic-compound (VOC) emissions. Because the
assessments were applied to pumps for a given application, the comparison was betweer pumps of similar size.
To provide general guidance on values of /g, it is, therefore, necessary to relate Igp to pump size.

Overhung-refinery-pump bearing frames are designed in discrete sizes, The shaft for each is, therefore, designed
for the maximum torque, impeller mass and impeller radial load (static and dynamic) of the largest liquid end the
frame is intended to serve. Impelier mass is significant in that it is necessary for the rotor's first dry bending critica
speed to be 120 % of the pump's maximum continuous operating speed (see 6.6.1.2). At the same time,
deflection at the seal faces produced by radial thrust shall not exceed 50 um (see 0,002 in) (6.9.1.3).

The loads imposed on the shaft are directly related to the size of the impeller and, hence, to the fiow, total head
and speed of the pump. This allows the definition of a “size” factor, X, as given in Equation (K.3):

K = (0 x H)IN : (K.3)
where

¢ is flow at BEP of maximum diameter impeller;

H is the corresponding total head,;

N is the rotative speed.
The size factor is related to torque. A log-log plot of Igc versus K{ for various overhung pump designs ranging
from 25 kW to 350 000 kW (35 hp to 500 000 hp), with the higher value for large pump-turbines, shows that the
data for modemn designs fall about a straight line; see Figures K.2 and K.3. The line of best fit through the high

side of the data is also shown.

The high-side lines of best fit is defined by Equation (K.4) in Sl units and by Eguation (K.5) for USC units;
[SF,S] = 32 X K?—O,TB (K4}
‘[SF,USC = 6 200 x K{“O,TB (K5)

Equations (K.4) and (K.5) cover refinery pumps whose rotors, at the limit of each frame, reportedly just meet the
static deflection and rotor dynamics requirements of this International Standard based on rated speeds up to
3 600 rpm. The fiquid-end designs generally have double volutes for all pumps of 100 mm (4 in) discharge and
larger. in some cases the designs may he limited to 3 000 rom.

Figures K.2 and K.3 or Equations (K.4) and (K.5) can be used to make a first assessment of the rotor stifiness of
a given overhung pump design or a number of similar designs for a given application. An overhung pump whose
Igr is more than 1,2 times the chart or equation value is cause to seek justification of the design from the pump
vendor.
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Figure K.2 ~- Overhung pump shaft flexibility index versus size factor
{SI units)
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Figure K.3 — Overhung pump shaft flexibility index versus size factor
(USC units)

K.2 Bearing system life considerations for OH2, OH3, BB1, BB2 and BB3 pumps

K.2 presents a method of calculating bearing system life. if specified, bearing system life calculations shall be
furnished (see 6.10.1.6).

Bearing system life (the calculated life of the combined system of bearings in the pump) shall be eguivalent to at
least 25 000 h with continuous operation at rated conditions, and at least 16 600 h at maximum radial and axial
loads and rated speed. This clause contains a discussion of these reguirements.

This International Standard (ANSI/AP| Std 8 10/ISO 13709) requires that pumps be designed for 20 vears life and
3 years continuous service. Thus, it is necessary that the bearing “sysiem,” not just the individual bearings alone,
be designed for a minimum life of 3 years. This is not normally a problem and most user reliability statistics show
that bearing life is not a major determinant of overall pump reliability. In cases where bearing life is an issue, the
root causes are usually related to lubrication.

Historically, this international Standard has required that “individual” bearings be designed for a minimum L, g, life
of 25 000 h and 16 000 b at the maximum radial and axial loads and rated speed. Bearing-system life, Lygh sysi 18
calculated using Equation (K.6), and therefore, is shorter than the shortest fife of the individual bearings in the
system:

Lignsys = {HLgna)®2 + (WLygng)™2 + ... + {MLygnp)*21 22 (K8) |

where

Lagna  18.the basic rating life, L, in accordance with 1SO 281 for bearing A;
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Ligne 18 the basic rating life, Lygy,, in accordance with ISO 281 for bearing B;
Ligny 18 the basic rating life, Lq,, in accordance with ISC 281 for bearing V.

EXAMPLE 1 If a pump has iwo bearings of equal L, life (not very likely) and & bearing system life of 25 000 h, the
individual bearings would have a I, fife of approximately 37 500 h. Note that because rolling-element bearings are
manufactured in standard sizes, it is unlikely that any particular pump wouid have a calculated L,q, life of exactly 37 500 h for
both bearings in the system.

EXAMPLE 2 K one bearing has a calculated L, life of 100 000 h (not unusual), it is necessary for the other bearing in the
system to have a calculated £y, life of only about 25 700 h to give a bearing system life of approximately 25 000 h.

OH2, OH3, and to a lesser extent, BB1, BB2 and BB3, pumps are not totally "engineered pumps” in that each
component is not necessarily “designed” for a particular purchaser's order requirements. They are generally
“design lines of pumps”, or pumps that are “pre-engineered” by the manufacturer to meet the requirements of this
International Standard within a particular range of aperating conditions for specific applications. This is particularly
true for BB designs that can have muliipie rotor and voiute designs within one case pattern using several bearing
housing and seal chamber designs. These “pre-engineered” pumps may then be modified, as reguired, to meet
unique applications and purchaser requirements. in the design/product line development process for these pumps,
the manufacturer chooses a set of extreme conditions within which he desires to sell “standard pumps”. These
conditions vary according to the manufacturer's experience with the breadth of services his customers require.
These conditions can be chosen to encompass 98 % cf all refinery services into which he has sold pumps in, say,
a 10 year pericd.

Once the range of operating conditions has been established, the manufacturer chooses a number of bearing-
frame sizes. For most pump manufacturers, this is either three or four sizes for these types of pumps. The
manufacturer then matches his avaitable or anticipated sets of hydraulics to the various bearing frames. For each
bearing frame, there is a set of hydraulics that imposes the greatest loads on the bearings and frame. For this set
of hydraulics, it is necessary that the minimum bearing system life meet the requirements of this International
Standard. However, it is completely possible that there are sets of operating conditions or service parametiers
(such as high suction pressure, low running speed, operating pumps outside the preferred or allowable operating
regions) where this pump does not meet all the requirements of this International Standard, For these conditions,
the manufacturer has a number of options, including modifying the pump design to meet all the requirements,
limiting the pump operating range or negotiation with the purchaser to accept a slightly lower bearing-system life
in order to reduce cost or improve overall bearing performance. This can be beneficial if operating conditions are
such that bearing loads vary significantly and can result in loads that are too low for optimal bearing performance.

For all other sets of hydraulics, the bearing loads are lower. The equation for bearing life, L, a$ a function of
joad is given by Equation (K.7), taken from 15O 281:2007, Equation (4):

Lyg ={C./P}~ (K.7)
where

C,. is the dynamic load rating of the bearing;

P, is the equivalent dynamic load,

x  is 3 for ball bearings and 10/3 for roller bearings.

One can find methods of determining the bearing loads for a pump in the Hydraulic institute Standards.
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Examining Equation (K.8), one can see that for a given bearing, with a given load, a reduction in applied load of
10 % results in an increase in bearing life of approximately 37 %. This means that the calculated bearing-system
life for all pumps with a given bearing frame is much greater than the bearing-system life requirement of this
international Standard that is applued to the largest set of hydraulics for that bearing frame. Further, for the largest
bearing frame, the system life is aiso greater if the impeller is at less-than-maximum diameter, if the specific
gravity is low or if the suction pressure is lower than that used in the limiting case. Further, because bearings with
the smallest size having ratings that exceed the calculated loads are chosen, even the largest set of hydraulics
can well have a much higher calcuiated bearing-system life. This gives some insight as to why the historical
requirement of 25 000 h Ly, life for individual bearings has not been a problem.

it is noted that there are roliing element bearings much larger and with much higher dynamic load ratings that are
used in pumps compiiant with this International Standard. The application of rolling-element bearings is iimited by
bearing size and the speed of rotation. It has been found by the pump industry that large bearings running at two-
pole speeds {3 000 and 3 600 nominal r/min) tend to run *hot” and can exceed the maximum bearing temperature
requirements of this International Standard. As a result of this, all manufacturers limit angular-contact thrust
bearings to about 7 315 or 7 316 sizes for two-pole machines. These correspond to shaft sizes of 75 mm and
80 mm (2,95 in and 3,15 in), respectively. ;

While hot running is detrimental to lubricant and bearing fife, the most problematic issue is ball skidding in lightly
loaded bearings. If a pump manufacturer applies larger bearings for each frame size, it is necessary that he iimit
the application of each bearing frame to hydraulics that provide bearing ioads sufficient to minimize ball skidding.
This means additional bearing-frame sizes can be required to cover ali pump sizes in a given product line, thus
reducing component production volume, interchangeability and stocking opportunities. :

The issue of bearing-system life is an appiication limitation for pumps of “standard designs”.
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Annex L
(informative)

Vendor drawing and data requirements

l.1 General

Figure 1.1 shows an example distribution record (schedule). A more detailed description of the entries, keyed fo
the list number (g, b, ¢, etc.), is given in L.2.1 for the pump and in L.2.2 for the motor.
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TYPICAL JOB NO. ITEM  NO.
VENDOR DRAWING AND DATA REGUSITION No BATE
ENGUIRY NO. DATE
PAGE _ 1 OF _2 BY
FOR REVISION
SITE UNIT
SERVICE NO. REQUIRED
Proposal® .. Bidder shall furnish copies of data forall lems indicated by an X e
P Revew Vendor shal furnish ____ coplesand ___, transparencies of drawings and deta indicated. | _________...___.
é E Finat © Vendaor shall furnish copies and transparencies of drawings and data indicated.
: e Vendor shall fumish_____ operating and maintenance manuals. L iiiiiieiieeeans
E : 1 Final - Received from vendor
: : : Distribution Duefromvender® s .
: : : record Review — Returned fromvender : !
; : , Review - Received fromvendor : -
; : Review - Duefrom vendor© T
L DESGRIPTION A
Pump
a Certified dimensional outline drawing
b Cross-sectional drawings and bills of materials
c Shatft seal drawing and bills of materials
d Shaft coupling assembly drawing and bilt of maieriais
e Primary and auxiliary flush piping schematics and bills of materials
f Cooling or heating schematic and bill of materials
2] Lubricating oit schematic and bill of materiais
h Lubricating oil system arangement drawing
i Lubricating cil component drawings
i Electrical and instrumentation schematics, wiring diagrams, and bills of materials
k Electrical and instrumentation arrangement drawing and list of conneclions
1 Performance curves
m Vibration analysis data
n Damped unbaianced response analysis
o L.ateral critical speed anslysis
o) Torsional crifical speed analysis
q  Cerfified hydrostatic lest deta
r Materiai certifications
s Progress reporis
i Weld procedures
u Performance test data
v Optional test data and reporis
w Certified rotor balance data for mulfistage pumps
X Residual unbalance check
¥ Rotor mechanical and electrical runout for pumps with non-contacting vibration probes
z Data sheets applicable to proposals, purchase and as-built
aa  MNoise data sheeis
bb  As-built clearances
oo Instaliation, operation and mainienance manuals
dd  Spare parts recommendations and price list
ee  Preservation, packaging and shipping procedwes
ff Material safety daia sheets T
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TYPICAL JOB NQ. ITEM  NO.
VENDOR DRAWING AND DATA PURCHASE ORDERNO. . ... DATE
REQUIREMENTS REQUISITION NO. DATE
ENQUIRY NO. DATE
PAGE 2 OF__2 BY
FOR REVISION
SITE UNIT
SERVICE NOQ. REQUIRED
Proposal * Bidder shall furnish copies of data for all items indicated by an X.
__________________ Vendor shall furnish _____copiss and____ transparencies of drawings and data indicated, | .
Vendor shall furnish copies and fransparencies of drawings and data indicated,
Vendor shal furnish operating and maintenance manuals.

Final ~ Received from vendor
DISTRIBUTION Due from vendor °
RECORD Raview — Returned fromn vendor
Review — Received from vendor
Review ~ Due from vendor ©

DESCRIPTION

Motor

a Certified dimensional outline drawing

b Cross-sectional grawing and bill of materials

c Data sheets applicable to propesals, purchase and as-built

d Ncise data sheets

[ Performance data

f Certified drawings of auxifiary systems
g installation operation and maintenancs manuais
h Spare parts recommaendations and price fist

i Material safety data sheets

? i is not necessary that proposal drawings and data be certified or as-buitt. Typical data shall be clearly idenified as such.
®  For singte-stage units: these #ems are normally provided only in instruction manuals.
¢ These flems are normally appiicable to muitistage units only.

Send ail drawings and data ic

All drawings and data shall show project, appropriation, purchase order, and item numbers in addition to the plant
iocation and unit. In addition fo the copies specified above, one set of the drawings/instructions necessary for field
instailation shall be forwarded with the shipment.

Nomenciature:
S — number of weeks prior to shipment.
F - number of weeks after firm order.
B — number of weeks after receipt of approved drawings.

Vendor

Date Vendor reference

Signature

Figure L.1 {coniinued)
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.2 Description

L.2.4 Pump

a)

b)

d)

e)

g)

B

B

Certified dimensional outiine drawing, including the following:

1) size, rating and location of all purchaser connections,

2) approximate overall and handling masses,

3)  overall dimensions, and maintenance and dismantling clearances,
4) shaft centreline height,

5y dimensions of baseplates (if furmnished) complete with diameters, number and locations of bolt holes, and
the thicknesses of sections through which it is necessary that the boits pass,

6) grouting details,

7) forces and momenis for suction and discharge nozzles,

8) centre of gravity and fifting points,

9) shaft end separation and aiignment data,

10) direction of rotation,

11} winterization, tropicalization and/or noise attenuation details, if required,
cross-sectional drawings and bills of materials; ‘

shaft seal drawing and bill of materials;

shaft coupiing assembly drawing and hiil of materials, including allowable misalignment tolerances and the
style of the coupling guard,

primary and auxiliary sealing schematic and bill of materials, including seal fluid, liquid flows, pressure, pipe
and valve sizes, instrumentation, and orifice sizes;

cooling or heating schematic and bili of materials, including cooling or heating media, liquid fiows, pressure,
pipe and valve sizes, instrumentation, and orifice sizes,

lubricating oil schematic and bill of materials, including the following:

1) oil flowrates, temperatures and pressures at each use poini,

2) control, alarm and trip settings (pressure and recommended temperatures),
3) total head loads,

4y utility requirements, including electricity, water and air,

5} pipe, vaive and orifice sizes,

&) instrumentation, safety devices, control schemes, and wiring diagrams;

“Tubricating oil system arrangement drawing, including size, rating, and location of all purchaser connections;

lubricating oil component drawings and data, including the following:
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)
r

s)

B

u}

v)

w)
X)
y)

z)

1y  pumps and drivers,

2) coolers, filters and reservoir,

3) instrumentation,

4) spare parts lists and recommendations;

elecfrical and instrumentation schematics, wiring diagrams and bills of materials, including the following:
1) vibration alarm and shutdown limits,

2) bearing temperature atarm and shutdown limits,

3) lubricating oll temperature alarm and shutdown limits,

4y driver;

electrical and instrumentation arrangement drawing and list of connections;
performance curves,

vibration analysis data;

damped unbalanced response analysis;

lateral critical speed analysis: the required number of lateral critical analysis reports, no later than 3 months
after the date of order. The reports shall be as required in 1.1.2 and 1.1.3,

torsional critical speed anaiysis: the required number of torsional critical analysis reports, no later than 3
months after the date of order. The reports shall be as required in 6.9.2.10.

certified hydrostatic test data,;

material certifications: the vendor's physical and chemical data from mill reports (or certification) of pressure
parts, impellers and shafts;

progress reports detailing the cause of any delays: the reports shall include engineering, purchasing,
manufaciuring and testing schedules for ali major componenis. Planned and actual dates, and the
percentage completed, shall be indicated for each mitestone in the schedule.

weld procedures;

performance test data: certified shop logs of the performance test, record of shop test data (which the vendor
shall maintain for at least 20 years after the date of shipment); the vendor shall submit certified copies of the
ifest data to the purchaser before shipment;

optional tests data and reports: optional tests data and reports include NPSH required test, compiete unit test,
sound level test, auxiliary equipment test, bearing housing resonance test, and any other tests mutually
agreed upon by the purchaser and vendor;

certified rotor balance data for muilistage pumps;

residual unbalance check;

rotor mechanical and electrical runout for pumps designed to use non-contacting vibration probes,

- data sheets applicable to proposals, purchase, and as-built;

Capyriaht American Petroleum \;ﬂslitum
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aa) noise data sheets;
bb) as-built clearances;

cc) instruction manuals describing installation, operation and maintenance procedures; each manual shall
include the following sections:

1) Section 1 — Insiallation:
) storage,
iiy foundation,
iii} grouting,
iv) seftting equipment, rigging procedures, component masses and lifting diagram,
v) alignment,
vi) piping recommendations,
vil; composite cutline drawing for pump/driver train, including anchor-bolt locations,
vill) dismantling clearances;
2} Section 2 — Operation:
) start-up, including tests and checks before start-up,
iy routine operational procedures,
iify iubricating oil recommendations;
3}  Seclion 3 — Disassembly and assembly:
iy  rotor in pump casing,
iy journal bearings,
iy thrust bearings (including clearance and preload on rolling element bearings),
v} seals,
v) thrust coilars, if applicable,
vi} allowable wear of running clearances,
vii) fits and clearances for rebuilding,
viil} routine maintenance procedures and intervals;

4) Section 4 — Performance curves, including differential head, efficiency, water NPSH3, and brake
horsepower versus flowrate for aji aperating conditions specified on the data sheets;

5) Section 5 — Vibration data:
i) vibration analysis data,

iy lateral critical speed analysis,
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172 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

i) torsional critical speed analysis;
6} Section 8 — As-built data:
)  as-built data sheets,
i) as-built clearances,
iii) rotor balance data for multi-stage pumps,
iv) noise data sheets,
v) performance data;
7) Section 7 — Drawing and data requirements:
i) certified dimensional cutline drawing and list of connections,
i) cross-sectional drawing and bill of materials,
iy shaft seal drawing and bill of materiais,
w) lubricating oil arrangement drawing and list of connections,
v) lubricating oil component drawings and data, and bills of materials,
vi) electrical and instrumentation schematics, wiring diagrams and bilis of materials,
vil) electrical and instrumentation arrangement drawing and list of connections,
vii) coupling assembly drawing and bill of materials,
ix) primary and auxiliary seal schematic and bill of materials,
x) primary and auxiliary seal piping, instrumentation, arrangement and list of connections,
xi} cooling and heating schematic and bill of materials,
xii) cooling or heating piping, instrumentation arrangement and list of connections;
dd) spare parts recommendations and price list;
ae) preservation, packaging and shipping procedure;
ffy material safety data sheets.
L.z2 Motor
a) Certified dimensional outline drawing for motor and all auxiliary equipment, including the following:

1) size, location, and purpose of all purchaser connections, inciuding conduit, instrumentation, and any
piping or ducting,

2) ASME rating and facing for any flanged connections,
3) size and location of anchor bolt holes and thicknesses of sections through which bolts must pass,

4) total mass of each item of equipment (motor and auxiliary equipment) plus loading diagrams, heaviest
mass, and-name- of the-part, :
Copyright American Petroleum institute
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b)
c)
d)

e)

overall dimensions and ail horizontal and vertical clearances necessary for dismantling, and the
approximate location of lifting lugs,

shaft centreline height,
shaft end dimensions, plus toierances for the coupling,

direction of rotation;

cross-sectional drawing and bill of materials, including the axial rotor float;

gata sheets applicable to proposals, purchase, and as-built;

noise data sheets;

performance data inciuding the following:

1)

2}

for induction motars 150 kW {200 hp) and smaller;
iy efficiency and power factor at one-half, three-quarter, and full load,
iy speed-torque curves,

for induction motors larger than 150 kW (200 hp) and larger, certified test reports for all test run and
performance curves as follows:

iy time-current heating curve,

fiy speed-torgue curves at 70 %, 80 %, 80 % and 100 % of rated voitage,
fiy efficiency and power factor curves from 0 to rated service factor,

iv) current versus load curves from 0 to rated service factor,

v) current versus speed curves from 0 to 100 % of rated speed;

certified drawings of auxiliary systems, including wiring diagrams, for each auxiliary system supplied; the
drawings shall clearly indicate the extent of the system being supplied by the manufacturer and the extent
being supplied by others;

motor instruction manuals describing installation, operating and maintenance procedures. Each manual shall
inciude the following sections:

1)

Conyright American Petraausys institute
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Section 1 — Instaliation:
iy storage,

iy setting motor, rigging procedures, companent masses and lifting diagram,

ity piping and conduit recommendations,

iv) composite outline drawing for motor, including locations of anchor-bolf holes,
v} dismantling clearances;
Section 2 — Operation:

iy start-up, including check before start-up,
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i) normat shutdown,
i) operating limits, including number of successive starts,
iv) lubricating oil recommendations;

3) Section 3 — Disassembly and assembly instructions:
iy rotor in motor,
iy journal bearings,
iiiy seals,
iv) routine maintenance procedures and intervals;

4)  Section 4 — Performance data required by 1..2.2 e}

5) Section 5 - Data sheets:
i) as-built data sheets,
i} noise data sheets,

8) Section 6 — Drawing and data requirements:
i} certified dimensional outline drawing for motor and alf auxiliary equipment, with list of connections,
i) cross-sectional drawing and bill of materials;

.h) spare parts recommendations and price lis;

iy material safety data sheets.
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Annex M
(informative)

Test data summary

Figure M.1 shows an example of a fest data summary form. Figures M.2 and M.3 show examples of a test curve
format in Sl units and USC units, respectively.

TEST DATA SUMMARY

Customer Curve No,
Purchaser Test date
Purchase order No.
ffem No. Certified by:
Pump serial No, {Vendor representative)
Size and type Witnessed by:
No. of stages {Purchaser representative)

Overall pump performance (Tabie 16)

Rated interpolate value Actual deviation Acceptance
+% tolerance
%
Fiow
Head
Power
NPSH3
Shutoff head
Speed, r/min
Pump construction data
Stage 1 Series stages

Impelier diameter mm {in)| Impeller diameter mm {in)
Impelier pattern No. tmpelier pattern No.
Ne. of vanes No. of vanes
Volute/diffuser pattern No. Volute/diffuser pattern No.
Blade tip cleararnce (8.1.15) % (lea1c£?5> tip clearance %

Figure M.1 — Test data summary form
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176 CENTRIFUGAL PUMPS FOR PETROLEUM, PETROCHEMICAL AND NATURAL GAS INDUSTRIES

Mechanical performance

Maximum vibration levels recorded within specified flow region (6.9.3)

Rated fiow Preferred operating Allowable operating
region region
Tested Specified Tested Specified Tested Specified

Housing velocity:

Drive end:
Overaliffiltered

Non-drive end:
Overaliffiltered

Shaft displacement;

Drive end:
Overaliffiitered

Non-drive end:
Overallffiltered

Bearing temperaiures

*C (°F)

[6.10.2.4, 9.2.5.2.4 ¢) and 9.2.5.3]

Pressurized lubrication systems

Ring oil or splash lubrication

Ambient temp.

Ambient temp.

Oil temp. rise

Git temp. rise

Qil return temp.

Oil sump temp.

Max. bearing metal temp.

Drive end journal

Non-drive end journal

Thrust bearing

intended to replace shop test data logs.

This mechanical performance summary is for recording test leveis for each operating region refative to specified values. It is not

Linits of measurement shall be mm/s (infe) RMS for velocity, mm (mils) peak/peak for displacement, and °C (°F) for temperature.
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Curve No.
Pump serial no. Pumped liquid Rated point
Size and type Relative density Flowrate m3h = 1800
No. of stages Temperature °C Head m= G4
Speead, rmin Kinemafic viscosity mmz/s | NPSH3 m= 8,3
impeler ne. impeller eye area mm2 | Power KW= 558
Caiculated efficiency %: 82,3 Ref
A i
E impulter diamater E
120 " —
- 1 AX, —
110 : H As shipped =
100 3 L Hi— =
- Min, -
Y1 3 B i -
90 N\ -
80 ~ ; - f
- - A =
70 — £
= f -
= pomes 80
3 2 =
— AR - E"SG
] -ﬂ"’ﬁq‘—- E Y3
3 L-—-ﬂ--"”""“ 40
E N : 3 -
90 -] / E-20
80 f e i \ E
703 /‘,/ N
803 /, -
50 - -
Y27 S // =
40— / =
30 -3 f 15
wif 4
= 7 ’ : i
3 / \ 4*._1#-"" il = Y4
10 e a0 I S P - 5
O -llll FEPT TR R AT T T TP [T EFTITEIT [ ET T JET FTFFITE]ET AT Iillilil!— 0.........’-,
0 100 200 X
Bae———]
Key
X flowrate, expressed in cubic metres perhour 1 head
Y1 head, expressed in metres 2  power
Y2 efficiency, expressed in percentage 3 efficiency §
Y3 power, expressed in kilowatts 4  NPSH3 !
Y4 NPSH3, expressed in metres
&  Preferred operating region.
b Aliowable operating region.
NOTE Vaiues for scales, fiow, head, NF’SHS\ power efficiency are for illustration only.

Figure M.2 — Example of test curve format (S units)
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Curve No.
Fump seriai no. Pumped liquid Rated point
Size and type Specific gravity Flowrate U.S. galimin= 800,0
No. of stages Temperature °F Head ft = 328
Speed, rmin Kinematic viscosity cSt NPSH3 ft= 171
impelier no. Impeller eye area in2 Power bhp= 724
Calculated efficiency %: 88,3 Ref.
»
= o
> >
2 8 g8 B g 3
_‘ IR IR R EE AR AR E N RN RN IR R SRR AR AN AR NN a
&
L -
\/ E e
\ ./ 3
/ -
| - R " =
Fl | [ @
o o
il o
o
&
\ : o
N,,JV -
2
{ ‘ o
—£
"g -
: - =
3 o ¥ g
;| k s
-: Iliili::ill TERpTT s P TETFIRAET PR T 8T T F AT [T TEN T3 edal =
>- o [=] i=1 E=3 = f=3 [~3
E &8 § & & & & &%
? |ilII!Ill[!lflI1£|lill%lilllllililll!llllllill
>. o < [=] o or o (=) [~3 o =1
& o P~ o e -~ = ™~ -
&
£
Key
X flowrate, expressed in U.S. galions per minute 1 head
Y1 head, expressed in feet 2  power
Y2 efficiency, expressed in percentage 3 efficiency
Y3 power, exprassed in brake horsepower 4  NPSH3

Y4 NPSH3, expressed in feet

&  Preferred operafing region.
5 Allowable operating region.

Figure M.3 — Test curve format (USC units)
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Annex N
(informative)

Pump datasheets and electronic data exchange

N.1 Pump data sheets

This annex contains typical datasheets for use by the purchaser and the vendor as shown in Figure N.1 and
Figure N.2. The datasheets, in both Si and USC units, are copies of the electronic form of the datasheets
{Microsoft Excel Spreadsheets). In the elecironic form, selection of the units on the datasheet will automatically
change all the units on the datasheet to the units selected. Note however, that this electronic datasheet does not
contain in-built calculations, therefore changing the units will not impact any data entered onto the datasheet.

The datasheef is intended to be used in #s elecironic format and as such, there are numerous cells that contain
dropdown selections. As these selections are not presenied to the user until the cell is selected, the copies in this
document indicate which cells contain a drop-down setection in the shaded areas. Another feature of the
electronic datasheet is that when the user selects a data entry cell, if there is a cross reference back fo the
standard a pop-up box will appear indicating the reference paragraph and some or all of the content of the
referenced paragraph.

To assist the reader a document map (See Figure N.3), which is basically the datasheet less all content, has been
prepared which lists the content of the drop-down selection at each line as applicable. in addition to the drop-
down list, there are some lines with numbers listed on the left-hand side of the area. These numbers are the
numbers of the crossed referenced paragraphs, which pop-up as mentioned above.

In all instances the document map lists the information on the same line as the electronic datasheet.

N.2 Electronic data exchange (EDE)

The information contained in pump data sheets may also be transmitted digitally rather than via a conventional
data sheet format. This is suitable when pump purchaser and supplier have systems that can process digital
information rather than paper-based data sheets. Direct elecironic transfer can be achieved with a transfer
protocol that is adopted by both purchaser and supplier. lt is necessary that this transfer protocol also be
commercially neutral for it to be accepted by all parties. Such a method improves the operating efficiencies of both
parties if their internal data systems can import/export via this neutral protocol. Examples of these systems
include

a) for the purchaser:

b

) pump specifications database,
2) bid tab program,
3) system analysis program,
4) as-built asset management program;
b}y for the supplier:
1} pump selection system,
2) pump configUration and quotation development system,

3} order management sysiem and bifi-of-material management system.
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Those interested in adopting electronic data exchange (EDE) are encouraged to reference the EDE technology
and implementation standard, BSR/MI50.7, for the digital transfer of centrifugal pump data. This standard
provides implementation details and exampies towards adopting EDE that is suitable for
ANSI/API Std 610/1S0 13709 centrifugal pump data. Additional interpretive information is also available at
hitp: /. pumps.org/ede.

BSR/HI 50.7 was developed and supported by the Hydraulic Institute and the FIATECH automating equipment
information exchange (AEX) project, in cooperation with the API. Information on the EDE technology and the AEX
XML schemas is available on line at www fiatech.org/aex. himt,

A complete listing of all data fields in the electronic data sheets N.3.1 through N.3.3 and their corresponding XML
structures are found in BSR/HI 50.7 www.pumps.org/ede or via FIATECH at www fiatech org/aex. html.
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PROJECT UNITS - sl

CLIENT:

PROJECT TITLE:

JOB NUMBER:

EQUIPMENT NUMBER:

EQUIPMENT SERVICE:

SERIAL NUMBER:

REQ / SPEC NO. : /

PURCH ORDER NO,

Cells coloured thus contain drop-down options

contain calculated vaiues based con input data do not change.

identifies a cross referenced paraghaph in the decument
note may also contain a drop down list

When you have completed the DS highlight the whole page format cells pattern none
Delete these notes on completion

COMMENTS:
DATA SHEETS
TEM N L ATT TEM Mo, i ATT {TEM Mo, {OATT
PUMP :
MOTOR
GEAR .
TURBINE
APPLICABLE OVERLAY STANDARDS
Rev Date Description By | Checked
DATA SHEET No.
AP S5td 610 CENTRIFUGAL PUMP DATA SHEET
Figure N.1 Shest - of-
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Figure N.1—API Std 610 CENTRIFUGAL PUMP DATA SHEET (S] Units} (¢continued)

1 ot | APPLICABLE TO! i APPLICABLE NTLANTNTL STANDARD: e Rev
2 FOR UNTT ]
3 R SITE SERVICE -
4 b NO. FQEQ_ HHHHHHH PUMP SIZE TYPE e No. STAGES [ N
5 ] MANUFACTURER MoDEL SERWALNG.
& EHALHD CHARACTERISTICS
7 Units Maximum ; Minimum Note SERVICE | T
8 LIQUID TYPE OR NAME : Max & min vatues refer * IF INTERMITTENT NG, OF STARTS L
g VAPOR PRESSURE : KPa _|oniy tethe property PUMPS OPERATE IN: L N
10 RELATIVE DENSITY ; listad CORROSION DUETO : (6.121.8) R
1% SE?CIFIC HEAT ;| kdlkg-K) T ERQSION DUE TO : (6.12.1.8) B -
12 VISCOSITY ; Pas HzS CONCENTRATION (ppm} i (et2.442y o
13 OPERATING CONDITIONS {6.1.2) CHLORIDE CONCENTRATION fppm): ||
14 Linits Maximum Rated | Normat % Minirum PARTICULATE SIZE {DiA IN MICRONS}
15 NPSHe Datum; C.L. impeller PARTIGULATE CONCENTRATION (PP
16 PUMPING TEMPERATURE | “K )
17 FLOW : e ]
18 DISCHARGEPRESSURE @A) wee | 1 [ b b
18 _SUCTICN PRESSURE:|  ¥Ps »
20 DIFFERENTIAL PRESSURE : kPa
21 DIFFERENTIAL HEAD : m o
22 NPSH, : m
23 HYDRAULIC POWER : KW
24 SITE ARD UTILITY DATA
25 o LOCATIS}N: COOLING WATER : ) N
26| o IMLET RETURN | DESIGN
27 . MOUNTED AT : e QO TROPICALISATION REQD TEMP K MAX
28| i ELECTRIC AREA CLASSIFIC, ON_: 61.22 ZONE e PRESS. kPa MIN
2 | oroue: TEMPOLASS. SOURGE ...
3o |smEpAta: COCLING WATER CHLORIDE CONCENTRATION: ppm
311 |ELEVATION (M$L}: o m BAROMETER:  mmMg INSTRUMENT AIR:  MAX WP MN WPz
32]  |RANGE OF AMBIENT TEMPSIMIN/MAX 7 STEAM n
|RELATIVE HUMIDITY: MIN / MAX T CRIVERS | HEATING | -
|unusuar conprmons; [ TEMP K Max L
Min -
. UTIEETY CONEHTIONS PRESS. kPa fax e ;7 ]
_{BLECTRICITY : DRIVERS HEATING | CONTROL | SHUTDOWN i o
VOLTAGE e
1 Prase L
40 HERTZ -
41 PERFORMANCE DRIVER (7.1.5)
42| |PROPOSAL CURVE NOC. RPM Driver Type - "
43| | AsTested Curve No. o GEAR N
44 IMPELLER DIA: RATED MAX, MIN. mim VARIABLE SPEED REQUIRED -
45| | RATEDPOWER kW  EFFICENCY (%)  |SOURGE OF VARIABLE SPEED ]
464 o RATED CURVYE BEP FLOW (at rated impeller dia} — mis OTHER e
47| |MNFLOW: THERMAL mi STABLE mis  [MANUFAGTURER N
45 - PREFERRED OPERATING REGION (8.1.11) NAMEPLATE POWER :::
49]  |ALLOWABLE OPERATING REGION NominaiRPM
501 |MAX HEAD @ RATED WMPELLER RATED LOAD RPM ) )
51] | MAX POWER @ RATED IMPELLER @89 KW |FRAME OR MODEL B
52| INPSH3 AT RATED FLOW : m ORIENTATION
53f | CLPUMP TO UfS BASEPLATE LUBE
54| INPSH MARGIN AT RATED FLOW : o BEARING TYPE:
55f | SPECIFIC SPEED (6.1.9) M3, et RADIAL ::
SUCTION SPECIFIC SPEED LIMIT o THRUST |
SUCTION SPECIFIC SPEED w3, o, m__ STARTING METHOD o
hax, ALLOW. SCUND PRESS, LEVEL REQD (8.1.14} SEE DRIVER DATA SHEET e B
i EST MAX SOUND PRESS. LEVEL -
80| IMAX. SOUND POWER LEVEL REQD (6.1.14) o . o
61 EST MAX SOUND POWER LEVEL S R B
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Figure N.1—API 5td 610 CENTRIFUGAL PUMP DATA SHEET (Sl Units) (continued)

1 | Note CONSTRUCTION Rev

2 API PUMP TYPE: i [Based on APl 610 definitions] CASING MOUNTING: : [

3 CASING TYPE: (6.3.10) [

4 NOZZLE CONNECTIONS: (8.5.5) CH3 BACKPULLOUT LIFTING DEVICE REQD. (81.26) .

5 Size |Facing Rating Pesition CASE PRESSURE RATING:

6 SUCTION B MAWS : (6.3.6) ) @ K

7 DISCHARGE I T HYDROTEST : ) @  ’i

8 PRESSURE CASING AUX. CONNECTIONS: (6.4.3.2}

9 No. Size | Type | Facing | Rating | Posn. HYDROTEST OH PUMP AS ASSEMBLY T
10 BALANCE/LEAK OFH o g SUCTN PRESS. REGIONS DESIGNED FOR MAWP WV :Y: ::
14 DRAIN ROTATION:  (VIEWED FROM COUPLING END) |
12 VENT ‘ * IMPELLERS INDIVIDUALLY SECURED :

13 PRESSURE GAGE + BOLT OH 3/4/5 PUMP TO PAD / FOUNDATION ©

14 TEMP GAGE oy * PROVIDE SQLEPLATE FOR OH 3/4/5 PUMPS

15 WARM-UP LINE ROTOR: N
18 SHAFT FLEXIBILITY INDEX (SF1) (8.1.1.3) :___
17 Drain Valve Supplied By o First Critical Speed Wet (Multi stage pumps only)
.18 DRAINS MANIFOLDED o COMPONENT BALANCE TO IS0 1940 51.0

9] b VENT Valve Suppiled By o SHRINK FIT -LIMITED MOVEMENT IMPELLERS {9.2.2.3}
20 VENTS MANIFOLDED
21 THREADED CONS FOR PIPELINE SERVICE & <50°C(6432) |  COUPLING{7.23)  {7.2.134) ]
22 SPECIAL FITTINGS FOR TRANSITIONING (6.4,3.3) - ) MANUFACTURER

23 CYLINDRICAL THREADS REQUIRED (6.4.3.8) ) MODEL ) -
{24 GUSSET SUPPORT REQUIRED - RATING (POWERM00 RPM)

25 MACHINED AND STUDDED CONNECTIONS (6.4.3.12) S SPACER LENGTH

26 VS 6 DRAIN L SERVICE FACTOR |
27 DRAIN TO SKID EDGE I RIGID

28 COUPLING WITH HYDRAULIG FIT (7.2.10)

29 MATERIAL (8.12.1.1) COUPLING BALANCED TO IS0 1940-1 G6.3 {7.2.3) .
30 APPENDIX H CLASS o COUPLING WITH PROPRIETARY CLAMPING DEVICE (7.2.11) o
31 MIN DESIGN METAL TEMP (6.12.4.1) ]

a REDUCED-HARDNESS MATERIALS REQ'D (8121421 _ COUPLING IN COMPLIANCE WITH (T24y . 1 |
33 Applicable Hardness Standard (6.12.1.12.3) I COUPLING GUARD STANDARD PER (7.2.13.a)
34 BARREL : - Window on Ceupling Guard o o
35 CASE :

38 DIFFUSERS BASEPLATE

37 IMPELLER : AP BASEPLATE NUMBER : R
38 IMPELLER WEAR RING ; BASEPLATE CONSTRUGTION (7.3.14) T
32 CASE WEAR RING : BASEPLATE DRAINAGE {7.3.1) e

40 SHAFT: ) MOUNTING :
44 Bowl (f VS-typs) ‘ - NON-GROUT CONSTRUCTION : 7213y - |
42 inspection Class . VERTICAL LEVELING SCREWS ! B

43 BEARINGS AND LUBRICATION [6.10.1.1} LONGITUDINAL DRIVER POSITIONING SCREWS :

44 BEARING (TYPE / NUMBER):  (6.11.4) SUPPLIED WITH: ® GROUT AND VENT HOLES

45 RADIAL / e & DRAIN CONNECTION

46 THRUST P o MOUNTING PADS SIZED FOR BASEPLATE LEVELING (7.3.5) o

a7 REVIEW AND APPROVE THRUST BEARING SIZE : {8.2.5.2.4) MOUNTING PADS TO BE MACHINED (7.3.6} ]
48 _ PROVIDE SPACER PLATE UNDER ALL EQUIPMENT FEET

49 LUBRICATION :  (6.10.2.2) (6.11.3} (9.6.1) R oTHER
50 PRESSURE LUBE SYSTEM TO 150 10436-  {9.2.6.5)

50 £SO 10438 DATA SHEETS ATTACHED T
51 Prassurized Lube Off System mtd on pump baseplate G REMARKS : T
52 Location of Pressurized Lube Oif System mounted on basapiate : . o
53 _ B 3 O
54 INTERCONNECTING PIFING PROVIDED BY o ) R
550 e )
56 OiL VISC. IS0 GRADE VG - -
57 CONSTANT LEVEL OILER : RE B R P ~ i [
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Figure N.1—AP!] Std 610 CENTRIFUGAL PUMP DATA SHEET {S! Units) {continued)

INSTRUMENTYATION

SEAL SUPPORT SYSTEM MOUNTING

_|SEE ATTACHED AP-670 DATA SHEET
ACCELEROMETER (7 4.2.1}

Number of Accelerometers

Mounting Location of Accéierometers

PROVISION FOR MTG ONLY
Number of Accelerometers

{6.10.2.10)

Mounting Location of Accelerometers

SEAL SUPPORT SYSTEM MOUNTED ON PUMP BASEPLATE
(7.5.1.4)
DENTIFY LOCATION ON BASEPLATE

INTERCONNECTING PIPING BY

MECHANICAL SEAL (6.8.1)

FLAT SURFACE REQUIRED
Number of Accelerometers

(8.40.2.11)

WMounting Location of Accelarometers

SEE ATTACHED IS0 21049/AP| 682 DATA SHEET
ADBITIONAL CENTRAL FLUSH PORT  (6.6.8)
HEATING JACKET REQ'D. {B.8.1%)

V!BRAT{ON PROBES {7.4.2.2)
PROVISIONS FOR VIB. PROBES
NUMBER PER RADIAL BEARING
NUMBER PER AXIAL BEARING

MONITORS AND CABLES SUPPLIED BY (7.4.2.4)

| TEMPERATURE (7 4.2.3)
PROVISICNS FOR TEMP PRCBES
RADIAL BEARING TEMP.
NUMBER PER RADIAL BEARING
THRUST BEARING TEMP,
NUMBER PER THRUST BEARING ACTIVE SIDE
NUMBER PER THRUST BEARING INACTIVE SIBE
TEMP. GAUGES (WITH THERMOWELLS) (9.1.3.8)
PRESSURE GAUGE TYPE
Remarks

HEATING AND COOLING {6.1.17}

COOLING REQ'D
COOLING WATER PIPING PLAN
GOOLING WATER PIPING

FITINGS

COOLING WATER PIPING MATERIALS
COOLING WATER REGUIREMENTS:

BEARING HOUSING

HEAT EXCHANGER

TOTAL COOLING WATER

HEATING MEDIUM
OTHER

HEATING PIPING

PEPING & AFPURTENANCES

MANIFOLD PIPING FOR PURCHASER CONNECTION {7.6.1.6)
VENT
DRAIN
COOLING WATER
TAG ALL ORIFICES {7.5.2.4)
SOCKET WELD CONN ON SEAL GLAND (7.5.2.8)

DATA SHEET No.

Rev: SHEET of

1,
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Figure N.1—API Std 610 CENTRIFUGAL PUMP DATA SHEET (SI Units) {coniinued)

26
2F
28
pic]

kil
32
33

55
58

58
60
g1
62

SURFACE PREPARATION AND PAINT

TEST

2
3
4
5 "
6
7
B..
9

19
204
]
s

25

MANUFACTURER'S STANDARD

_JSPECIFICATION NG

_{PUMP SURFACE PREPARATION
PRIMER
FiNGSH COAT

_ {PRIMER:
_JFINISH COAT
_IDETAILS OF LIFTING DEVICES

_|SHIPMENT; (8.4.%)
EXPORT BOXING REQUIRED

OTHER (SEE BELOW)

PUMP;

BASEPLATE!

BASEPLATE SURFACE PREPARATION

GUTOOOR STORAGE MORE THAN € MONTHS

SPARE ROTOR ASSEMBLY PACKAGED FOR:

_|ROTOR STORAGE ORENTATION (5.2.8.2) o
_|SHIPPING & STORAGE CONTAINER FOR VERT STORAGE (8.2.8.3)

N2 PURGE (9.2.8.4)

SPARE PARTE

SHOP INSPECTION (8.1.1)

PERFORMANCE CURVE

& DATA APPROVAL PRIOR TO SHIPMENT,

TEST WITH SUBSTITUTE SEAL (8.3.3.2.b)

MATERIAL CERTIFICATION REQUIRED
(8.12.1.8)

CASING

IMPELLER

SHAFT

OTHER

CASTING REPAIR WELD PROCEDURE APPR REQD

{81225 (61231)
INSPECTION REQUIRED FOR CONNECTION WELDS (6.12.3.4.8)
(6.12.3.4.9) MAG PARTICLE

RADIOGRAPHY
LIQUID PENETRANT
ULTRASONIC

INSPECTION REQUIRED FOR CASTINGS
MAG PARTICLE
RADIOGRAPHY
LIQUID PENETRANT
ULTRASONIC

HARDNESS TEST REQUIRED (B.2.2.7)

ADDHL SUBSURFACE EXAMINATION (6.12,15}(8.2.1.3
FOR
METHOD

P TESTING REQUIRED (8.2.28)
COMPONENTS TO BE TESTED

____________ START-UP )
NORMAL MAINTENANCE
WEIGHTS &g
ITEMNo | PUMP DRIVER GEAR BASE TOTAL

OTHER PURCHASER REQUIREMENTS

351

531
543

57 ]
58]

41

COORDINATION MEETING REQUIRED {10.1.3)
MAXIMUM DISCHARGE PRESSURE FO INCLUDE
MAX RELATIVE DENSITY:
OPERATION TO TRIP SPEED _
MAX DIA. IMPELLERS ANDIOR NG OF STAGES
CONNECTION DESIGN APPROVAL (8.2.1.4)
TORSIONAL ANALYSIS | REPORT (5.5.2.19)
PROGRESS REPORTS
OUTLINE OF PROC FOR CPTIONAL TESTS (10.2.5)
ADDITIONNAL DATA REQUIRING 20 YEARS RETENTION (8

LATERAL ANALYSIS REQUIRED (9.1.3.4}{9.2.4.1.3}
MODAL ANALYSIS REQUIRED (8.3.92)

DYNAMIC BALANCE ROTOR (6.9.4.4}
INSTALLATION LIST IN PROPOSAL (10.2.33) B
VFD STEADY STATE DAMPED RESPONSE ANALYSIS (6.8.2.3)

TRANSIENT TORSIONAL RESPONSE  (6.9.24)
BEARING LIFE CALGULATIONS REGUIRED (6.70.1.6)
IGNITION HAZARD ASSMT TO EN 134631 (7.2.13.8)
CASING RETIREMENT THICKNESS DRAWING t0.3.2.5)
FLANGES ROD IN PLACE OF SKT WELD UNIONS (7.6.28)
INCLUDE PLOTTED VIBRATION SPECTRA (6.9.3.3)
CONNECTION BOLTING (7.5,1.7) . T
CADMIUM PLATED BOLTS PROHIBITED

VENDOR TO KEEP REPAR AND HT RCDS (8.2.1.1.¢)
VENDOR SUBMIT TEST PROCERURES {8.3.1.1)

SUBMIT INSPECTION CHECK LIST {8.1.5)

RESIDUAL UNBALANCE TEST (J.4.12)

NOTIFICATION OF SUCCESSFUL SHOP
PERFORMANCE TEST (8.1.1.0) (83.3.5}

BASEPLATE TEST (7.3.21)

HYDROSTATIC

HYDROSTATIC TEST OF BOWLS & COLUMN (9.3.13.2)

PERFORMANCE TEST

TEST i COMPLIANCE WiTH (83.3.2)

TEST DATA POINTS TO (8.33.3)

TEST TOLERANCES TO (8.3.3.4}

NPSH (8.5.4.3.1) (8.3.4.3.4)

NPSH-1ST STC ONLY (8.3.4.3.2)

NFSH TESTING TO HI 1.6 OR SO 8906 (8.3.4.3.3)

TEST NPSHA LIMITED TO 110% SITE NPSHA {8.3.3.6)

RETEST ON SEAL LEAKAGE (8.3.3.2.4)

RETEST REQUIRED ARTER FINAL HEAD ADJ (8.3.3.7.b)

COMPLETE UNIT TEST (8.3.4.4.1)

SOUND LEVEL TEST (8.3.45)

CLEANLINESS PRIOR TO FINAL ASSEMBLY {8.2.2.6)

LOCATION OF CLEANLINESS INSPECTION

NOZZLE LOAD TEST

CHECK FOR CO-PLANAR MOUNTING PAD SURFACES

MECHANICAL RUN TEST UNTIL OlL TEMP STABLE

4 HR. MECH RUN AFTER OIL TEMP STABLE (8.34.2.1}

4 HR. MECH RUN TEST (8.3.4.2.2)

BREG HSG RESONANCE TEST (8.34.7)
STRUCTURAL RESONANCE TEST (8.3.9.2)

REMOVE / INSPECT HYDRODYNAMIC BEARINGS AFTER TEST o

(9278)
AUXILIARY EQUIPMENT TEST (8.3.4.6)
EQUIPMENT TO BE INCLUDED i AUXILLIARY TESTS

LOCATION OF AUXILIARY EQUIPENT TEST

PER EN 13445
PER ASME SECTION VHI
REMOVE CASING AFTER TEST

IMPACT TEST  (6.12.4.3)
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Figure N.1—AP! Std 610 VERTICAL PUMP SUPPLEMENTAL DATA SHEET (51 Units) (continued)
1 { Note]VERTICAL TYPE {FIG 1.1} ..EE.\L
2 REMARKS B
3 I—
4
g VERTICAL PUMPS VERTICAL PUMPS (CONT'D)
7 PUMP THRUST: (+}Up ()DOWN  JLINE SHAFT: : ]
8 STATIC THRUST N N LINE SHAFT DIAMETER mm
9 AT MiN FLOW N N TUBE DIAMETER em|
10 AT RATED FLOW N N LINE SHAFT COUPLING:
14 AT MAX ELOW N N LINESHAFT CONNECTION |
12 MAX THRUST N N -
13 SOLEPLATE REQUIRED P + SUCTION STRAINER TYPE ]
14 SOLEPLATE Length x Width m X m * LEVEL CONTROL ]
15 SOLEPLATE THICKNESS mm | IMPELLER COLLETS ACCEPTABLE ]
16 MOUNTING FLANGE REQUIRED HARDENED StEEVES UNDER BEARINGS (9.3.10.5) N
17l |eocumn pee: RESOMANGE TEST
18 DIAMETER mm STRUCTURAL ANALYSIS (9.3.5) -
19 LENGTH m L
20 NUMBER DRIVER ALIGNMENT SCREWS N
21 SPACGING m  |sucTion can T
22]  |GUIDE BUSHINGS: SUCTION CAN THICKNESS o ||
23 ] NUMBER LENGTH m
24 LINE SHAFT BEARING SPACING  om DIAMETER mm |
25 GLHDE BUSHING |LUBE: SEPARTATE MOUNTING PLATE (8.3.8.3.1) T
26 PROVIDE SEPARATE SOLEPLATE (6.3.8.3.3) ]
27 DRAIN PIPED TO S8URFACE (9.3.13.8) T
28 BOWL HEAD CALCULATION REQUIRED I
28 MATERIALS (additional)
30 SUCTION GAN / BARREL: LINESHAFT SLEEVES «
31 | [HSCHARGE HEAD ~ BEARING RETAINER ! ]
32 BOWL SHAFT : SHAFT ENCLOSING TUBE : |
33 LINESHAFT ; DISCHARGE COLUMN : ]
34 s LINESHAFT HARDFACING : PRESSURE RATING: MAWP HYDRO ]
as BELLMOUTH : HEAD ]
36 | BOWIL BEARING : COLUMN PIPE ]
37] |  LINESHAFT BEARING : BOWL |
38 SUMP ARRANGEMENT
1 SUMP DIMENSIONS -
] | GRADE ELEVATION 1 m |
41] | LOW LIQUID LEVEL 2 om 1 2 3 ]
s2| | CL OF DISCHARGE 3 m \ \‘ -
a3 | sumPDEPTH D m \ | 7 )
44f | PUMPLENGTH iz m \ - L
45 GRADE TO DISCH. iy m 3 T i L __'
46 GRADE TO LOW LIQUID LVL s m A o '
47} | GRADETO ‘ST STG IMPLR. I m I - |
a8 SUBMERGENCE REQD Is m < hﬁ ——t—- I [
a9] | SUMP DIAMETER ®d m - - ]
50 q ==
s | ' B
s2| , T
saf | [ g ]
54| N
55 | T
56 L
57 | T
DATA SHEET No. Rev: SH&ET_ of
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Figure N,1—AP] Std 610 CENTRIFUGAL PUMP DATA SHEET (8! Units) {continued)

PRESSURE VESSEL DESIGN CODE REFERENGES

THESE REFERENCES MUST BE LISTED BY THE MANUFACTURER
CABTING FACTORS USED IN DESIGN { TABLE 3}
SOURCE OF MATERIAL PROPERTIES

WELDING AND REPAIRS

POSTWELD HEAT TREATMENT

WELDERIOPERATOR QUALIFICATION
WELDING PROCEDURE QUALIFICATION
NON-PRESSURE RETAINING STRUCTURAL WELDING SUCH AS BASEPLATES OR SUPPORTS
MAGNETIC PARTICLE OR LIGUID PENETRANT EXAMINATION OF PLATE EDGES

POSTWELD HEAT TREATMENT OF CASING FABRICATION WELDS

THESE REFERENCES MUST BE LISTED BY THE PURCHASER. (DEFAULT TO TABLE 10 IF NO PURCHASER PREFERENCE 1S STATED)
ALTERNATE WELDING CODES AND STANDARDS
WELDING REQUIREMENT (APPLICABLE CODE OR STANDARD}

MATERIAL INSPECTION

18 THESE REFERENCES MUST BE LISTED BY THE PURCHASER DEFAULT TO TABLE 14
| | ALTERNATIVE MATERIAL INSPECTIONS AND AGCEPTANCE CRITERIA {SEE TABLE 14) (82.2.5) L

19 TYPE OF iNSPECTION METHOD FOR FABRICATIONS FOR CASTINGS

20 j:: RADIOGRAPHY :_

21l | |ULTRASONIC INSPECTION

22] | |MAGNETIC PARTICLE INSPECTION ]

23] | JUGUID PENETRANT INSPECTION I e .

24 - VISUAL INSPECTION (sl surfaces) ]

1 .

26{ | REMARKS: ]

27y

28] |

20

30| L

s |

52 -
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Figure N.2-AP| Std 610 CENTRIFUGAL PUMP DATA SHEET (U.S. Gustomary Units} {continued)

1 APPLIGABLE TO APPLICABLE NTLANTNTL STANDARD: | tev]
2 FOR UNIT N
3 SITE SERVICE
af No.REQ PUMP SiZE TYPE o No.STAGES -
5]  IMANUEAGTURER MODEL - sERALNC.
5 LIAUID CHARACTERISTICS
7 nits Maximum | Minimum Nete SERVICE : T
8 LIGUID TYPE GR NAME : Max & min vaiues refer « IFINTERMITTENT NO. OF §TARTS: R
9 VAPOR PRESSURE : psia only {o the property PUMPS OPERATE IN: : e
10 RELATIVE DENSITY ; fisted CORROSION DUE TO £ 16.12.1.9) 1
1 SPECHFIC HEAT :| Blustiom-°F) EROSION DUE TO : (6.12.1.9}
120 . WVISCOSITY : o H28 CONCENTRATION (ppm) 81211y
3 OPERATING CONDITIONS (6.1.2) CHLORIDE CONCENTRATION (nprn) : .
14 Unita Maximum Rated E Normal Minimum PARTICULATE SIZE {DIA IN MICRONS} — .
15 NPSHa Datam: : C.L. impelier PARTIGULATE GONGENTRATION (PP} R
16 PUMPING TEMPERATURE:|  °F -
17 FLow  apm e by
18 DISCHARGE PRESSURE : (6.3.2)]  psia -
19 SUCTION PRESSURE :{  psia ] -
20 DIFFERENTIAL PRESSURE:]  psl N
4 DIFFERENTIAL HEAD |  #
2 NPSH.:| )
23 HYDRAULIC POWER:| P - B
24 SITE AMD UTILITY DATA
25| |LocATiON: COOLING WATER :
26 | ] = INLET RETURN DESIGHN i
27|  |MOUNTEDAT:  © ) YROPICALISATION REQD TEMP °F MAX L
|ELECTRIC AREA CLASSIFICATION: 6122 DVSION PRESS. psig BN B
GROUP TEMP CLASS SOURCE ]
 |sTEDATA: COOLING WATER CHLORIDE CONCENTRATICN: e L
s ELEVATION (MSL): # BAROMETER: lnHy NSTRUMENTAIR:  MAX psig  MIN pig f
32| |RANGEOF AMBIENT TEMPSIMIN/MAX /  °F  |STEAM -
<1 RELATVE HUMIDITY: MIN / MAX o % DRIVERS | HEATING |
34| |UNUSUAL CONDITIONS: TEMP °F  Max
B Moo
38| lumiLTy coNpImoNs : _ PRESS. psig  Max B
37| |ELECTRICITY:  DRWERS | HEATING | CONTROL | SHUTDOWN Mir N
VOLTAGE 4‘ !
PHASE ‘ |
HERTZ E : o
41 PERFORMANCE DRIVER (7.1.5)
42| |PROPOSAL CURVE NO. RPM Driver Type S
a3 As Tested Gurve No. e GEAR e |
4| |mPeLLER DIA: RATED MAX, MIN. in. VARIABLE SPEED REQUIRED - B
| matEDPOWER HP  EFFICIENCY (%)  |SOURCE OF VARIABLE SPEED
. RATED CURVE BEP FLOW (at rated impelier dia) o __gpm OTHER
4T]  IMINFLOW: THERMAL —  gpm STABLE ; gpm |MANUFACTURER .
48| |PREFERRED OPERATING REGION (6.1.11) o+ NAMEPLATE POWER i T w |
5| |ALLOWABLE OPERATING REGION Nortinal RPM I
80|  |MAXHEAD @ RATED MPELLER RATED LOAD REM
s1| MAX POWER @ RATED MPELLER  (689) HP  |FRAME DR MODEL
s2|  |NPSMzATRATEDFLOW: K ORENTATION o cdEREaETEE T
|ct PUNMP TO WS BASERPLATE % LUBE
INPSH MARGIN AT RATED FLOW : & BEARNGTYOR:
|sPecFC sPeED (6.19) gommemft RADIAL o B
|SUCTION SPECIFIC SPEEDLMIT THRUST : N
_|SUCTION SPECHIC SPEED gomemft STARTING METHOD ]
_IMAX, ALLOW, SOUND PRESS. LEVEL REQD (5.1.14) _(dBA) |SEE DRIVER DATA SHEET o N
58] JEST MAX SOUND PRESS. LEVEL I
60f  |MAX. SOUND POWER LEVEL REQD (8.1.14) -
81 EST MAX SOUND POWER LEVEL - ]
DATA SHEET No.-— - Rev: SHEET of
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Figure N.2—API Std 610 CENTRIFUGAL PUMP DATA SHEET (U.S. Customary Units) (continued)

1 {Note CONSTRUCTION Rev

2] APL PUMP TYPE: ¢ [Based on APi 810 definitians} CASING MOUNTING: : a

3 CASING TYPE: (6.3.10) -

4 NOZZLE CONNECTIONS: {6.5.5) OH3 BACKPULLOUT LIFTING DEVICE REQD. (9.1.2.8)

5 o Size |Facing Rating Pogition GCASE PRESSURE RATING: T T

6  |SUCTION R MAWP {(6.3.6) ... wsig @ F

7| . JDISCHARGE N HYDROTEST : —— TS0 @ F

8 PRESSURE CASING AUX. COMNE{ TIONS: (6.4.3.2)

of Mo. | Size | Type | Facing | Rating | Posn. HYDROTEST OH PUMP AS ASSEMBLY

10 :_____ BALANCEAEAK OFH 5 SUCT'N PRESS. REGIONS DESIGNED FOR MAWP w:j rrrr ::

L DRAIN ROTATION: VIEWED FROM COUPLING END} ]

12 fvent * IMPELLERS INDIVIDUALLY SECURED :

13 PRESSURE GAGE ) B * BOLT OH 3/4/5 PUMP TO PAD / FOUNDATION :

141 {TEMP GAGE b * PROVIDE SCLEPLATE FCR OH 3/4/5 PUMPS e

18] [WARM-UP LINE ROTOR: |

6] SHAFT FLEXIBILITY INDEX (SFI} 8113y [ ]

i Drain Valve Supplied By oo First Critical Speed Wet (Multi stage pumps oaly} | |

18 DRAINS MANIFOLDED : COMPONENT BALANCE TO IS0 1840 G1.0 o i

191 b VENT Valve Supplied By o SHRINIK FIT -LIMITED MOVEMENT IMPELLERS {9.2.2.3} _

20 VENTS MANIFOLDED

21 ] THREADED CONS FOR PIPELINE SERVICE & < 50°C (6.4.3.2) w wwwww " } COUPLING:(T.2.3) {7.2.13.6) -“j—
SPECIAL FITTINGS FOR TRANSITIONING (6.4.3.3) - ] MANUFACTURER - Wﬁv
CYLINDRICAL THREADS REQUIRED (6.4.3.8) I mopeE |
GUSSET SUPPCRT REQUIRED RATING {POWER/100 RPM}

b MACHINED AND STUDDED CONNECTIONS (6.4.2.12) - | SPACERLENGTH

26 VS 6 DRAIN S R SERVICE FACTOR

27 DRAIN TO SKID EDGE o RIGID

28 ) COUPLING WITH HYDRAULIC FIT (7.2 ]

29 MATERIAL (8.12.1.1} COUPLING BALANCED TO IS0 1940-1 G6.3 {7.2.3} e L

0 APPENDIX H CLASS [ COUPLING WITH PROPRIETARY CLAMPING DEVICE (7.2.11)

31 MIN DESIGN METAL TEMP (6.12.4.1} -

32y REDUCED-HARDNESS MATERIALS REQ' {8.12.1.12.1) COUPLING IN COMPLIANCE WITH (7.2.4) i o i

33| pAvplicable Hardness Standard (6.12.1.12.3} N COUPLING GUARD STANDARD PER (7.2.13.a) e T:

4l BARREL : Window on Coupling Guard o |

35 CASE :

36| |oFrusers BASEPLATE )

37 MPELLER : AP} BASEPLATE NUMBER :

38 IMPELLER WEAR RING : ) BASEPLATE CONSTRUCTION (7,3.14)

38| |CASE WEAR RING : BASEPLATE DRAINAGE {7.3.1) o

40 SHAFT: MOUNTING : e

a1l loowt (f vS-type) NON-GROUT CONSTRUCTION 1 {7.3.13)

42 Jinspection Class e VERTICAL LEVELING SCREWS:

43 BEARINGS AND LUBRICATION (6.10.1.1} LONGITUDINAL DRIVER POSITIONING SCREWS :

441 BEARING (TYPE / NUMBER): {6,711 4) SUPPLIED WiTH: & GROUT AND VENT HOLES e

45) | maDAL o & DRAIN CONNECTION B

46| | THRUST 0l MOUNTING PADS SIZED FOR BASEPLATE LEVELING (7.5.5) )

47| [REVIEW AND APPROVE THRUST BEARING SIZE :(8.2.5.2.4} MOUNTING PADS TO 8E MACHINED (7.3.8)

481 PROVIDE SPACER PLATE UNDER ALL EQUIPMENT FEET

49| JwsRricamion:  (s10.22@11.800@8H OTHER

50{ | PRESSURE LUSE SYSTEMTO ISO 10438- (9265 B

s6| ISC 10438 DATA SHEETS ATTACHED ]

51 V . Pressurized Lube Qil System mid on pump basepiate E REMARKS :

82 | Location of Pressurized tube Ol System mounted on baseplate : L

2L S S T

54 INTERCONNECTING PIPING PROVIDED BY

Olt VISC IS0 GRADE Ve
. CONSTANT LEVEL OILER : :

DATA SHEET No. e Rev. SHEET of

Copyright American Petraleum ihatiute
Providad by IHS under license with AP 1 . Sold ta TESODIN MIDOGE CAST LIMITED, W0GFE20

Nu reproduction or networking permitted without icense from [HS Not for Resale,2011/5/% 14:43:43 GMT



Figure N.2—AP| Std 610 CENTRIFUGAL PUMP DATA SHEET (U.5. Customary Units) {continued)

Note

INSTRUMENTATION

SEAL BUPPORT SYSTEM MOUNTING

_|TEMPERATURE (7.4.23)

GEE ATTACHED APLETO DATA SHEET
ACCELEROMETER (7.4.2.1)

Number of Ascelerameters
Mounting Location of Accelerometers

PROVISION FOR MTG ONLY
Number of Accelerometsrs

(6.10.2.10)

Mounting Location of Accelerometers

SEAL SUPPORT SYSTEM MOUNTED ON PUMP BASEPLATE
(7.5.1.4)
IDENTIFY LOGATION ON BASEPLATE

INTERCONNECTING PIPING BY

MECHANICAL SEAL (6.8.1)

FLAT SURFACE REQUIRED
Number of Accelerometers

6.10.2.11)

Mounting Location of Acceleromaters

SER ATTACHED 1SO 21048/4PI 682 DATA SHEET
ADDITIONAL CENTRAL FLUSHPORT  {6.8.9)
HEATING JACKET REQ'D. {8.8.11)

VIBRATION PROBES (7.4.2.2)

PROVISIONS FOR VIE, PROBES
NUMBER PER RADIAL BEARING
NUMBER PER AXIAL BEARING

MONITORS AND CABLES SUPPLIED BY (7.4.2.4)

PROVISIONS FOR TEMP PROBES
RADEAL BEARING TEMP,

NUMBER PER RADIAL BEARING
THRUST BEARING TEMP.

NUMBER PER THRUST BEARING ACTIVE SIDE
NUMBER PER THRUST BEARING INACTIVE SIDE

TEMP. GALUGES (WITH THERMOWEL L $(9.1.3.6)
PRESSURE GAUGE TYPE
Remarks

HEATING AND COOLING (8.1.17}

COOLING REQD
COOLING WATER PIPING PLAN
COOLING WATER PIPING
FITTINGS
COOLING WATER PIPING MATERIALS
COOLING WATER REQUIREMENTS:
BEARING HOUSING

TOTAL COOLING WATER
HEATING MEDIM
OTHER

HEATING PIPING

PIPING & APPURTENANCES

MANIFOLD PIPING FOR PURCHASER CONNECTION (7.5.1.6)
VENT
DRAIN
COOLING WATER
TAG ALL ORIFICES (7.5.2.4)
SOCKET WELD CONK ON SEAL GLAND (7.5.2.8)

DATA SHEET No.

SHEET of

Copyright Arnarican F'atroleﬁm institute
Providsd by 1HS under Hoanss with AR
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Copyright American Patreleum institute
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No

Figure N.2--AP] Std 610 CENTRIFUGAL PUMP DATA SHEET (U.S. Customary Units) {continued)

=
=]

5%
56

57|

Mote BURFACE PREPARATION AND PAINT

TESY Rev

R - T

_|MaNUFACTURER'S STANDARD
OTHER (SEE BELOW)
SPEGIFICATION NO.

Jpuse:

PUMP SURFACE PREPARATIGH
|PrivER

_|Fmasr coat

_|BASEPLATE:
_|BASEPLATE SURFACE PREPARATION
_|PRIMER:
FINISH COAT
: DETAILS OF LIFTING DEVICES

_|SHIPMENT: (8.4.1)
_JEXPORT BOXING REQUIRED
OQUTROOR STORAGE MORE THAN 6 MONTHS

SPARE ROTOR ASSEMBLY PACKAGED FOR:
ROTOR STORAGE ORIENTATION {8.2.8.2) T
_|SHIPPING & STORAGE CONTAINER FOR VERT STORAGE (2.2.6.3)

SHOP INSPECTION (8.1.1)
PERFORMANCE CURVE
&DATA APPROVAL PRIOR TO SHIFMENT,
TEST WITH SUBSTITUTE SEAL (8.332.b)
MATERIAL CERTIFICATION REQUIRED  CASING
(6.12.1.8) IMPELLER
SHAFT
OTHER
CASTING REPAIR WELD PROCEDURE APPR REGD
(81225) (51231
INSPECTION REQUIRED FOR CONNECTION WELDS (6.12.3.6.)
(6.1234.6) MAG PARTICLE
RADIOGRAPHY
LIQUID PENETRANT
ULTRASONIC
INSPECTION REQUIRED FOR CASTINGS
MAG PARTICLE
RADIOGRAPHY
LIQUID PENETRANT
ULTRASONIC
HARONESS TEST REQUIRED (8227} o
ADDNL SUBSURFACE EXAMINATION (6.12.1.5) (8213)

L FOR | -

| [N2PURGE(2284) METHOD ]

__|sPaRE PARTS PMI TESTING REQUIRED (8.2.2.8) }

 |smarrup ) COMPONENTS TO BE TESTED

NORMALMAINTENANGE b
WEIGHTS b RESIDUAL UNBALANGE TEST (J412)

[TEMNo ! PUMP | DRIVER |  GEAR BASE 1 TOTAL NOTIFICATION OF SUCCESSFUL SHOP B

FERFORMANGE TEST (8.1.1.0) {8.3.35)
BASERLATE TEST (7.3.21)

HYDROSTATIC

HYDROSTATIC TEST OF BOWLS & COLUMN {5.3.43.2)

OTHER PURCHASER REQUIREMENTS

PERFORMANCE TEST

COORDINATION MEETING REQUIRED {10.1.3}
MAXIMUM DISCHARGE PRESSURE TO INCLUDE
MAX RELATIVEDENSIFY
OPERATION TO TRIPSPEED
BMAX DIA. IMPELLERS AND/OR NG OF STAGES
CONNECTION DESIGN APPROVAL {9.2.7.4)
TORSIONAL ANALYSIS / REPORT {6.9.2.10)
PROGRESS REPORTS
OUTLINE OF PROC FOR OPTIONAL TESTS (10.2.5) i
ADDITIONNAL DATA REGUIRING 20 YEARS RETENTION (8

LATERAL ANALYSIS REQUIRED (8.1.3.4) (3.2.4.1.3}

MODAL ANALYSES REQUIRED (9.2.9.2)

DYNAMIC BALANCE ROTOR {6.9.4.4)

INSTALLATION LIST IN PROPOSAL {10.2.3.0 _—
VFD STEADY STATE DAMPED RESPONSE ANALYSIS (6.9.2.3}

TRANSIENT TORSIONAL RESPONSE  (6.9.24)
BEARING LIFE CALCULATIONS REGUIRED (6.10.1.6)
IGNITION HAZARD ASSMT TO BN 13463-1 (7.2.13.0)
CASING RETIREMENT THICKNESS DRAWING 110.2.2.3)
FLANGES RGD IN PLACE OF S<T WELD UNIONS 17.6.2.8
INCLUDE PLOTTED VIBRATION SPECTRA(6.4.3.3)
CONNECTION BOLTING (7.5.1.7) o
CADMIUM PLATED BOLTS PROHIBITED

VENDOR TO KEEP REPAIR AND HT RCDS (8.2.1.1.0)
VENDOR SUBMIT TEST PROCEDURES (8.3.1.1)

SUBMIT INSPECTION CHECK LIST {8.7.5)

TEST IN COMPLIANCE WITH {8.3.2.2)
TEST DATA POINTS TO (5.3.3.3)
TEST TOLERANCES TO (68.3.34)
NPSH (8.34.3.1} 183 4.3.4)
NPSH-15T 5T ONLY (8.3.4.3.2)
NPSH TESTING TO HE 1.6 OR SO 3906 {8.34.3.3}

TESY NPSHA LIMITED TO 110% SITE NPSHA (8.3.3.6)
RETEST ON SEAL LEAKAGE {8.3.3.2.4)

RETEST REQUIRED AFTER FINAL HEAD ADJ{8.3.3.7.0)
COMPLETE UNIT TEST (8.3.4.4.1)

SOUND LEVEL TEST (8.4.4.5)

CLEANLINESS PRIOR TO FINAL ASSEMBLY (8.2.2.6)
LOCATION OF CLEANLINESS INSPECTION
NOZZLE LOAD TEST

CHECK FOR CO-PLANAR MOUNTING PAD SURFACES
MECHANICAL RUN TEST UNTIL Ol TEMP STABLE

4 HR, MECH RUN AFTER OIL TEMP STABLE (8.3.4.2.1)
4 HR, MECH RUN TEST (8.3.4.2.2)

BRG HSG RESONANCE TEST (8.34.7)

STRUCTURAL RESONANCE TEST (9.3.8.2)

REMOVE { INSPECT HYDRODYNAMIC BEARINGS AFTER TEST
(2.2.7.5)

AUXNILIARY EQUIPMENT TEST {8.3.4.6)

EQUIPMENT TO BE INCLUDED IN AUXILLIARY TESTS

LOCATION OF AUXILIARY EQUIPENT TEST

IMPACT TEST {6,12.43) PEREN 13445
PER ASME SECTION Vil
REMOVE CASING AFTER TEST

DATA SHEET No.

Rev; SHEET of

It
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Figure N.2—AP! Std 610 VERTICAL PUMP SUPPLEMENTAL DATA SHEET {(U.8. Customary Units) (continued)

+ | Note] VERTIGAL TYPE (FIG 1.1) Rey
2 REMARKS

: .
: .
& VERTICAL PUMPS VERTICAL PUMPS (CONT'D)

7 PUMP THRUST: () UP ()DOWN  JLINE SHAFT: '

) STATIC THRUST Ibf ibf LINE SHAFT DIAMETER T in. O
0 AT MIN FLOW tof It TUBE DIAMETER N
10 AT RATED FLOW Ibf Ibf JLINE SHAFT COUQPLING: - ]
1 AT MAX FLOW It Ibf LINESHAFT CONNECTION 1
12 MAX THRUST Ibf ibf :
13] |  SOLEPLATE REQUIRED + SUCTION STRAINER TYPE

14 SOLEPLATE Length x Width ft ft * LEVEL CONTROL T 1
18 SOLEPLATE THIGKNESS o IMPELLER COLLETS ACCEPTABLE

16 MOUNTING FLANGE REQUIRED HARDENED SLEEVES UNDER BEARINGS {8.3.10.5) — |
17 COLUMN FIPE: RESONANCE TEST ]
18 ] DIAMETER in. STRUCTURAL ANALYSIS (8.3.5) :
19f | LENGTH # N
20 NUMBER DRIVER ALIGNMENT SCREWS

21 | sracine £ |SUCTION CAN ]
22| |ouiDE BUSHINGS: SUCTION CAN THICKNESS o ||
23 NUMBER LENGTH ft ]
24 ] LINE SHAFT BEARING SPACING in. DHAMETER in. T
25 GUIDE BUSHING LUBE: SEPARTATE MOUNTING PLATE (8.3.83.1} T :
25 PROVIDE SEPARATE SOLEPLATE (8.3.8.3.5)

27 DRAIN PIPED TO S8URFACE (9.3A13.5)M :
28 BOWL HEAD CALCULATION REQUIRED -

20 MATERIALS {additional)

s0] | SUCTION CAN/BARREL: LINESHAFT SLEEVES :

31] | DISCHARGE HEAD BEARING RETAINER ; ]
32 BOWL SHAFT: SHAET ENCLOSING TUBE ; o
33 : LINESHAFT : DISCHARGE COLUMN . |
34 LINESHAFT HARDFAGING : PRESSURE RATING: MAWP  HYDRO | |
35 : BELLMOUTH : HEAD ]
36 BOWL BEARING : COLUMN PIPE T .
37 LINESHAFT BEARING : BOWIL o o ]
38 SUMP ARRANGEMENT

39 SUMP TRMENSIONS ;

a0l | GRADE ELEVATION 1 i ]
a1l | LOWLIQUID LEVEL 2 f 1 2 3 ]
22| | CL. OF DISCHARGE 3 t \ | \‘ ]
43| | SUMPDEPTH Iy ft ] [
4z PUMP LENGTH 7 & \ \ ~ )
ss| | GRADE TO DISCH. fs & — | ; T
4| | GRADETOLOW LIQUID LVL > 7 \ - |
a7 | GRADETO 1ST $TG IMPLR. /s % - \ - T
48 SUBMERGENCE REGD s t - -t

as{ | SUMP DIAMETER v & -5 P ]
50 v SN

51 r |
52 ] J |
53 od |
54 ' ' N
55 ] [
56| | ) [
57 o |

DATA SHEET No. Revi SHEET of

Copyright American Patroleum institule
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Figure N.2—APi 8td 610 CENTRIFUGAL PUMP DATA SHEET (U.S. Customary Units) {continued)

Note

PRESSURE VESSEL DESIGN CODE REFERENCES

THESE REFERENCES MUST BE LISTED BY THE MANUFACTURER
CASTING FACTORS USED IN DESIGN { TABLE 3)
SOURCE OF MATERIAL PROPERTIES

WELDING AND REPAIRS

THESE REFERENCES MUST BE LISTED BY THE PURCHASER. (DEFAULT TC TABLE 10 IF NO PURCHASER PREFERENCE IS STATED)

ALTERNATE WELDING CODES AND STANDARDS

WELDING REQUIREMENT (APPLICABLE CODE OR STANDARD)

WELDER/OPERATOR QUALIFICATION

WELDING PROCEDURE QUALIFICATION

NON-PRESSURE RETAINING STRUCTURAL WELDING SUCH AS BASEPLATES OR SUPPORTS
MAGNETIC PARTICLE OR LIQUID PENETRANT EXAMINATION OF PLATE £DGES

POSTWELD HEAT TREATMENT

POSTWELD HEAT TREATMENT OF CASING FABRICATION WELDS

MATERIAL INSPECTION

THESE REFERENCES MUST BE LISTED BY THE PURCHASER DEFAULT TO TABLE 14

ALTERNATIVE MATERIAL INSPECTIONS AND ACCEPTANCE CRITERIA [SEE TABLE 14)(8.2.2.5)

TYPE OF INGPECTION METHOD FOR FABRICATIONS

FOR CASTINGS

RADIDGRAPHY

ULTRASONIC INSPECTION

MAGNETIC PARTICLE INSPECTION

LIQUID PENETRANT INSPECTION

VISUAL NSPECTION {ali suriaces)

REMARKS : o
0| .
3 .
32 ] )
<1 -
34 SN —
s B
s ~ o

DATA SHEET No. Rev: SHEET of

Capyright American Patrolaum Institute
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Figure N.3—CENTRIFUGAL PUMP DATA SHEET

Note PROPOSAL, PURCHASE, AS-BUILT Rev

LIQUID CHARACTERISTICS

CONTINUCUS, INTERMITTENT

1
2
3
4
<]
=]
T
8
g

PARALLEL., SERIES

13 I— OPERATING CONDITIONS {6.1.2)

15 6.1.2 C.L. IMPELLER, TOP OF FOUNDATION

SITE AMD UTHATY DATA

24
1
26| | INDOOR OUTDGOR — HMEATED, UNHEATED  NDER ROOF B
18 N GRADE, MEZANINE PARTIAL SIDES
28|  |er1zz . 0,1, 2, SAFE T
Group TempClass | 0
CLASS ¥GROUP A T T
CLASS YGROUP B T2 TaC -
CLASS JGROUP C T2A T4
CLASS VGROUP D TB T4A ]
MINING 26 T8
| | crassicrROUPE Congitions 2D TS T
3] | CLASSIGROUFF ousT 3 N
¥{ I ciasswerourc FUMES T3A n
s8] 1 cLAssm DUST & FUMES  T3B N
.| OTHER T3C
40
a1 PERFORMANCE DRIVER (7.1.5)
a2 T
a3 YEE, NO ||
YES, NG
MOTOR, GEAR COUPLING, OTHER
sl |
S HORIZONTAL, VERTICAL
B -
s4] i )
551 | -
55 I s
I8 - OPEN VAVE (FULLY-LOADED) |
58 CLOSED-VALVE (UNLOADED) START
DATA SHEETNe. Rev. SHEET of

Lopyright American Petrolsumn institute
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Figure N.3—CENTRIFUGAL. PUMP DATA SHEET {(continued)

1 | note CONSTRUCTION Rev
2l OH1, OM2, OH3, OH4, OHE, OHB, BB1, BA2, BB3, BB4, BBS, | CENTERLINE, FOOT, IN-LINE, NEAR CENTERLINE, VERTICAL |
3 V51, V82, V83, V84, VS5, VSB, VST SUMP GOVER PLATE, SEPARATE MOUNTING PLATE, SEPARATE SOLE PLATE
4 6.5.5 Facing Ratng  Position 6.3.10 SINGLE VOLUTE, MULTIPLE VOLUTE, DIFFUSER
s FF 150 END 9.1.2.6 YES.NO | |
8| | RF 300 TOP
7 RTJ 600 SIDE
8] 800 IN-LINE
g 1500 BOTTOM vEs,NO | |
1o | BELL YES, NO
A 6.4.3.2 Twpe Eacing Rating Position COW, Cw -
12l sw FF 125 TGP YES, NOT, BOTH DIRECTIONS »
13 SWF RF ;gg SIDE YES,NO |
14 RTJ 300 IN-LINE YES,ND |
15 800
— 900 ——
161 1500
17| SUPPLIER, PURCHASER 8.1.13 YES, NO, N/A
L3 YES, NO YES, NG, NA |
CI SUPPLIER, PURCHASER 9.2.23 YES.NO.NA | |
0 YES, NO
o 6.4.3.2 YES, NO o
22 6.4.3.3 YES, NO
23| 64338 YES, NO -
24] YES, NO
i |eastz YES, NO B
2 INTERNAL, EXTERNAL, N/A )
ELA YES, NO YES, NO N/A .
28 7.2.40 YES,NONA |
50 MATERIAL (6.12.1.1) 724 YES, NONWA ||
30 14,12, 81, §-2, 53, -4, 8.5, 56, §-7, 58, 50, G-6, A7, A8, D-1
st 7.2.11 YES,NO, NA ||
32] etz YES, NO 724 1SC 14691, ISO 10444, API 671, AP| 610 COMPLIANT, MFR 57D -
33 leta1125 N, ISC 15156, MRE103, MRO175 7.213.A 150 14120, EN 953, ANSI B16.1
34 vES MO, NA |
35
36 BASEPLATE
571 0.5,1,1.5,2,3,35,4,5 65,6 65 7,75 8,9 95 10,11, 11.5, 12, NIA B
7.3.14 OPEN BEAM SUPPORT, FULL TOP DECKING,
38 FARTIAL TOR DECKING, OPEN DECKING
7.31 ENTIRE BASEPLATE DRAIN RIM, ENTIRE BASERLATE DRAIN PAN,
g PARTIAL DRAIN PAN
GROUTED, BOLTED ON STEEL WORK, THREE POINT MOUNT, FOUR
a0 POINT MOUNT, STILT MOUNTED
41 LEVEL 1, LEVEL 2, LEVEL 3 7313 NOT REQUIRED, REQUIRED
4| | REQUIRED, NOT REQUIRED | |
4l BEARINGS AND LUBRICATION {6.10.1.1) REQUIRED, NOT REQUIRED
A4 YES, NO
as| 114 BALL, ROLLER, BLEEVE, TILT PAD YES, NO
461 B4 BALL, ROLLER, SLEEVE, TiLT PAD 736 YES, NG | |
471 is26.2.4 YES, NO [7.3.6 YES, NO B
a8f GREASE, FLOOD, RING Oil., FLINGER, PRESSURE LUBE YES, NO 7
P PURGE OIL MIST, PURE Ol MIST
50 2.3 (9265 YES, NO N
500 ]
54 N YES, NO o
PURCHASER, SUPPLIER
REQUIRED, NOT REQUIRED
DATA SHEET No. Rev: s SHEET of
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Figure N.3—CENTRIFUGAL PUMP DATA SHEET (continued)

=
=3
®

INSTRUMENTATION

SEAL SUPPORT SYSTEM MOUNTING

810210

W om o~ h o bW R

O
e

6.10.2.11

R
& R

14

16 7422

22 |7423

28|  jer3s

YES, NO, NiA

YES, NO, NiA

YES, NO, N/iA

YES, NO, NiA

YIES, KO, KA

YES, NO, NA
YES, NO, N/A

YES, NO, NIA

YES, NO, NA

7.5.1.4

YES. NO, N/A

PURCHASER, SUPPLLIER

MECHANICAL SEAL {6.8.1}

B4.9
6.8.11

YES, NO, NiA
YES, NO, NA
YES, NO, N/A

HEATING AND COOLING {6.1,17)

YES, NQ, NjA

PiPE, TUBE

T8, GALVANIZED, STAINLESS STEEL

STEAM, OTHER

PIPE, TUBE

PiPING & APPURTENANCES

7524
7528

YES, NO, NiA
YES, NO, N/&
YES. NO, NiA
YES, NO, Nia
YES, NO, NiA

DATA SHEET No.

Rav:

SHEET of
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Figure N.3—CENTRIFUGAL PUMP DATA SHEET {confinued)
1 Inots SURFACE PREPARATION AND PAINT TEST Rov
z{ YES NG I8 VES.NO |
3 YES, NO N
e YES,NO ||
5] 83325 ves,no |
6| | ves,no ||
7 612.1.8 YESND | ]
8 YES, NO
8 YES, MO
o vES.ND |
o 6.1.12.2.5, 6.1231 B
"
1w G248 YES, NO
=1 YES, NO
14 | YES, MO
YES. NO B
DOMESTIC, EXPORT B
YES, NO YES, NO
YES.NG YES, NO ’
YES, NO
18] YES, NG
2| |s2a2 HORIZONTAL, VERTICAL 18227 ves, o |
n| £.12.45, 8.2.1.3 YES, NG B
YES, NON ’
YES, NON |
8228 YES, NO
YES, NO
YES,NO
WEIGHTS J412 Tves.Ne § |
28 | o
w 8110, 8335 YES, NO __
s a1 ves,no |
3| NON-WIT, WIT, OBSERVE )
a2 83132 NON-WIT, WIT, OBSERVE |
3 OTHER PURCHASER REQUIREMENTS NON-WIT, WiT, OBSERVE |
a4l w13 YES,NO {8332 8332, MFRSTD |
e 333 B.3.33, MFR STD
YES, NG (8.3.34 TABLE 15, AGREED LIMITS
ar| YES,NO 83421, 83434 NON-IT, WIT, OBSERVE
w YES,NC  |83432 NONAWIT, WIT OBSERVE | |
% 9214 VES, NG |8.34.33 NON-WIT, WiT, OBSERVE
4] leszro YES.NO  [83.38 YES, NO
a| YES,NO  [8332D NON-WIT, WiT, OBSERVE | ]
2| jiw0z5 VES,NO  |83378 NON-WIT, WIT, OBSERVE [
3| ezt 8.34.4.1 NOR-WIT, WIT, OBSERVE |
44 T veEs NG lsads NONWIT, WIT, OBSERVE |
5| [e1sa.62473 YES NO  lB228 NON-VAT, WIT,GESERVE | _
6] |ossz YES, NG @ SUPPLIER'S, @ SUB-SUPPLIER'S
47| |esaa YES, NO NONWIT, WIT, OBSERVE |
s Jwaa YES, NO NowwiT wiT, oBsERvE | |
NON-WIT, WIT, GRSERVE
s |esza YES,NO {83421 NON-WIT, WIT, CBSERVE |
sl Jeszs YES. NG {8.3.422 NON-WIT, WiT, OBSERVE |
s2f  lewie YES, NO
| irai3e YES,NO 18347 NON-WIT, WIT, OBSERVE |
53 0323 YES NG 19382 NON-WIT, WIT, OBSERVE
54 |rs28 YES, NO
551|683 YES,NO  [e275 NON-WIT, WIT, DBSERVE
6] lrsaz FTFE COATED, ASTM 153 GAVVANIZED, PAINTED, 55 8346 NON-WIT, WiT, OBSERVE |
57| YES, NO T
sel  |s21ac YES, NO
590 Jeaa YES, NO
ol 813 YES, NO
61 61245 NON-WIE, WIT, OBSERVE | |
NON-WIT, WIT OBSERVE | |
NON-WIT, WIT, OBSERVE -
DATA SHEET Na. : Rev: - SHEET of
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Provided by IHS pnder license with AP Sold te: TEBODIN MIDDLE EAST LIMITED, WiDITER0

No repradustion of natworking permittert without license from IHS ) . 1 Notfor Resale, 2011/65/1 14,343 GMY



Figure N.3—VERTICAL PUMP SUPPLEMENTAL DATA SHEET (continued)
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45
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48
49
50
51
52
53
54
55
56
57

Mote

V81, V82, V83, V84, VE5, VBB, VST

Rav

VERTICAL PUMPS . VERTICAL PUMPS (CONT'D)

OPEN, ENCLOSED

SLEEVE & KEY, THREADED

YES, NO
ELOAT SWITCH, LEVEL TRANSMITTER, N/A
YES, NO

YES, NO 93105 YES, NG

FLANGED, THREADED YES, NO
935 YES, NO

YES, NO

WATER, Oit., GREASE, PUMPAGE $3.8.3.1 YES, NO
9.3.83.3 YES, NO
$.3.13.5 YES, NO

' YES, NO

MATERIALS (additicnal)

CAST, FABRICATED

SUMP ARRANGEMENT
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Figure N.3—CENTRIFUGAL PUMP DATA SHEET (continued)

PRESSURE VESSEL DESIGN CODE REFERENCES Rev

z
=3
@

YES, NO
YES, NO

WELDING AND REPAIRS

YES, NO
FURCHASER DEFINED, DEFFINED, DEFAULT PER TABLE 10

W oo o~ G R oW N

-
=]

-
o

17 MATERIAL INSPECTION
18 YES, NO
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The AP! Subcommittee on Mechanical Equipment has identified following editorial revisions for the National

Adoption of ISO 13708.
Clause/Subciause/Table/Figure
Footnote 13

Section 1.0, 2™ paragraph, 2™ line
Table 2

Secticn 6.7.4 ¢)

Section 6.8.13

Section 6.9.3.6

Section 6.9.38,

Section 6.12.4.5 a)

Section 7.1.3

Section 7.3.17

Section 8.3.3.2

Section 8.3.3.7 ¢)

Section §.3.4.3.4

Section 10.2.3b}
10.2.3.k}

Figure B.S

Annex K, 2™ paragraph, 4" line
Table 20

Figure B.4

Table H.1 (cont.)

Tabie H.2 (cont.)

Table H.3

Capyright Amersican Petroieum Institute
Pravided by IHS under license with AP
N raproduction or metworking parmitted without ficanss from tHS

Annex O
(informative)

APl Regional Annex

Modification

Changed zip code to “02168-7471"

Changed *...types of pump.” to .. types of pumps.”
Changed Maximum Temperature Rise in USC units to 30°F
Changed from “Tabie H.4" {c “Table H.3°

Changed reference from "see 6.3.5 ¢)" to “see 3.23 and 3.25"
Second dash — Added semi-colon at end

Third dash — Removed the “75” from "...energy pumps75”
Changed “29°C” to "30°C"

Changed "250 kg" to "225 kg”

Changed “250 kg" to “225 kg”

Changed to read “a) through i)"

Changed wording for clarity

Changed reference from “see 8.3.3.5 and 8.4.3.1" fc “see §.3.3.7

and 8.3.3.8"

Changed reference from "56.1,16" to “6.1.14”

Reference changes: 6.1.12 should be 6.1.9
6.1.13 should be 6.1.10
6.1.14 should be 6.1.11
6.4.3,13 should be 6.4.3,12

Changed “...base place is port..." to “...base plate is part...”

Removed the “W before 120%

Note "h" changed from "(see 5.1.1)" to “(see 6.1.1)"

Exit valve changed o a “How-regulating valve”

Changed “Table H.4" ref. to "Table H.3" in note k

Corrected “16* to "16A"

Corrected “~100 (—450)" to *~100 (~150)"

Sobd w: TEBODIN MIDDLE EAST LIMITED, W1097620
Naoi for Resala, 207146/ 14:43:43 GMT
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Bibliography

IS0 185, Grey cast irons — Classification
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IS0 683-18, Heat-freatable steels, alloy steelfs and free-cutling steels — Part 18: Bright products of
unailoyed and low alloy steels

ISC 3448, Industrial liquid lubricants — ISO viscosily classification

ISO 3508-1, Mechanical properties of corrasion-resistant stainfess-steel fasteners — Part 1: Bolts, screws
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basic standards
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180 3746, Acoustivs — Determination of sound power levels of noise sources using sound pressure —
Survey method using an enveloping measurernent surface over a reflecting plane

- S0 4991, Steel castings for pressure purposes

SO 9329-2. Seamless sfeel tubes for pressurs purposes — Technical delivery condiffons — Part 2:
Unalfloyed and afloyed steels with specified elevated temperature properties

ISO 9905, Technical specifications for centrifugal pumps — Class 1

ISO 15156-2, Petroleum and natural gas industries — Materials for use in H,S-containing environments in
oil and gas production — Part 2: Cracking-resistant carbon and low affoy steels, and the use of cast irons

SO 15156-3, Petroleum and natural gas industries ~ Materials for use in H,S-containing environments in
oif and gas production — Part 3: Cracking-resistant CRAs {corrogion-resistant alloys) and other alloys

EN 1561, Founding — Grey cast irons

EN 1759-1, Flanges and their joints — Circular flanges for pipes, valves, fittings and accessories, Class
designated — Pari 1: Steel flanges, NPS 1/2 fo 24

EN 10028-3, Flat products made of steels for pressure purposes -— Part 3: Weldable fine grain sfeels,
normalized

EN 10028-7, Flat products made of steels for pressure purposes — Part 7. Stainless stesls
EN 10083-1, Steels for quenching and tempering — Part 1: General technical delivery conditions

EN 10083-2, Steels for gquenching and tempering - Part 2: Technical delivery conditions for non alloy
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resisting steels for general purposes

EN 10088-3, Stainless steels — Part 3: Technical delivery conditions for semi-finished products, bars,
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EN 10273, Hot rolled weldable steel bars for pressure purposes with specified elevated temperature
properties

EN 10283, Corrosion resistant steel castings

"ANSI/ABMA 9, Load Ratings and Fatigue Life for Ball Bearings
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API RP 886, Machinery Installation and Installation Design

AP| Std 614-08, Lubrication, Shaft-Sealing and Qil-Control Systems and Auxiliaries

AP| Std 685, Sealless Centrifugal Pumps for Petroleum, Heavy Duty Chemical, and Gas Industry Services
ASTM A48/A48M, Standard Specification for Gray iron Casiings

ASTM A105/A108M, Standard Specification for Carbon Steel Forgings for Piping Applications

ASTM A106/A108M, Standard Specification for Seamless Carbon Steel Pipe for High-Temperature
Service

ASTM A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware

ASTM A182/A182M, Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe Flanges,
Forged Fittings, and Valves and Parts for High-Temperature Service

ASTM A193/A183M, Standard Specification for Alloy-Steel and Stainiess Steel Bolting Materials for High
Temperature or High Pressure Service and Other Special Purpose Applications

ASTM A194/A194M, Standard Specification for Carbon and Alfoy Steel Nuts for Bolts for High Pressure or
High Temperature Service, or Both

ASTM A216/A216M, Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welding, for
High-Temperature Service

ASTM AZ40/A240M, Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate,
Sheet, and Strip for Pressure Vessels and for General Applications

ASTM AZ266/268M, Standard Specification for Carbon Steel Forgings for Pressure Vessel Components
ASTM A278, Standard Specification for Stainless Steel Bars and Shapes

ASTM A278/A278M, Standard Specification for Gray lron Casiings for Pressure-Containing Parfs for
Temperatures up to 650 °F {380 °C})

ASTM A312/A312M, Standard Specification for Searnless, Welded, and Heavily Cold Worked Austenitic
Stainless Steel Pipes

ASTM A351/A351M, Standard Specification for Castings, Austenitic, for Pressure-Containing Parts

ASTM A352/A352M, Standard Specification for Steel Castings, Ferritic And Martensitic, for Pressure-
Containing Parts, Suifable for Low-Temperalure Service

ASTM A434, Standard Specification for Steel Bars, Alloy, Hot-Wrought or Cold-Finished, Quenched and
Tempered

ASTM A473, Standard Specification for Stainless Steel Forgings

ASTM A479/A479M, Standard Specifivation for Stainless Steel Bars and Shapes for Use in Boilers and
Other Pressure Vessels

ASTM A487IA487M, Standard Specificafion for Steel Castings Suitable for Pressure Service

ASTM A516/A516M, Standard Specification for Pressure Vessel Plates, Carbon Steel, for Moderate- and
Lower-Temperature Service : e :

ASTM Ab76, Standard Specification for Steel Bars, Carbon, Hot-Wrought, Special Quality
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77
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ASTM ABB2/A582M, Standard Specification for Free-Machining Stainfess Steel Bars

ASTM AB96, Standard Specification for Stee! Bars, Carbon, Hof-Wrought or Cold-Finished, Special
Quality, for Pressure Piping Components

ASTM AT43/ATA3M, Standard Specification for Castings, Iron-Chromiumn, Iron-Chromium-Nicked,
Corrosion Resistant, for General Applicalion

ASTM A790/A720M, Standard Specification for Seamiess and Welded Ferritic/Austenitic Stainiess Steel
Pipe

ASTM AB90/ABB0M, Standard Specification for Castings, Iron-Chromium-Nickel-Molybdenum Corrosion-
Reasistant, Duplex (Austenitic/Fertitic) for General Application

ASTM A995/A995M, Sfandard Specification for Castings, Austenitic-Ferritic (Dupiex) Stainless Steel, for
Pressure-Containing Parts

BSR/HI 50.7, Electronic Data Exchange for Pump Data

JIS G 3108, Rofled steels for welded structures®)

JIS G 3202, Carbon steel forgings for pressure vessels

JIS G 3214, Stainless steel forgings for pressure vessels

JIS G 3458, Carbon steel pipes for high femperature service

JIS G 3459, Stainless steel pipes

JS G 4051, Carbon steels for machine structural use

JIS G 4105, Chromium molybdenum steels

JIS G 4107, Alloy sfeel bolting materials for high temperature service
HS G 4303, Stainless steel bars

JIS G 4304, Hot-rolled stainless sieel plates, sheels and strip

JIS G 4319, Siainless steel blooms and billets for forgings

S G 5121, Corrosion-resistant cast steels for general applications
JIS G 5501, Grey fron castings

JI8 G 5151, Steel castings for high temperature and high pressure service

NACE Corrosion Engineer's Reference Book

20} Japanese Industrial Standards, 1-24 Akaska 4 Minato-Ku, Tokyo, Japan 107.
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