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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-g

aovernmental in liaison with ISO_also take part in the wark 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft Internation

adop
Interr

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights
ISO

petro

13710 was prepared by Technical Committee ISO/TC 115, Pumps, Subcommittee SC 3, In
special application, in collaboration with ISO/TC 67, Materials, equipment and offshore s

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fer voting. Publi
ational Standard requires approval by at least 75 % of the member bodies casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

eum, petrochemical and natural gas industries, Subcommittee SC 6, Processing equipment

Part 2.
al Standards
cation as an

ect of patent

stallation and
tructures for
and systems.
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Introduction

This International Standard was developed from API Std 674, 2nd edition, 1995, with the intent that the
3rd edition of API Std 674 will be the same as this International Standard.

Users of this International Standard should be aware that further or differing requirements may be needed for

individual aj

lications. This International Standard is not intended ta _inhibit a vendaor from nffpring’ Q

r the

purchaser fr
may be part
offered, the \

This Internat

bm accepting, alternative equipment or engineering solutions for the individual application
cularly appropriate where there is innovative or developing technology. Where an alternat
endor should identify any variations from this International Standard and provide details:

onal Standard requires the purchaser to specify certain details and features.

This
ve is

A bullet () af the beginning of a paragraph indicates that either a decision is required or further informafjon is

to be provids
purchase org

In this Inter
information.

Annex A lists
Annex B con
Annex C spe
Annex D con
Annex E des
Annex F con

Annex G sps

d by the purchaser. This information should be shown on data sheets(or stated in the enqu
er (see examples in Annex D).

national Standard, where practical, US Customary (USC) unifs are included in bracke

typical materials standards used in pumps.

tains a form in which are listed the vendor drawing and data requirements (VDDR).
cifies techniques for pulsation and vibration control.

tains typical data sheets.

cribes pump system interaction and_éxplains the differences between NPIP and NPSH.
ains an inspector's checklist:

cifies requirements for-the Tubrication system.

iry or

s for

vi
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INTERNATIONAL STANDARD ISO 13710:2004(E)

Petroleum, petrochemical and natural gas industries —
Reciprocating positive displacement pumps

1 $cope
This |nternational Standard specifies requirements for reciprocating positive-displacement_ pumps and pump
units|for use in the petroleum, petrochemical and natural gas industries. It is applicable)to both| direct-acting
and gower-frame types.

This |nternational Standard is not applicable to controlled-volume pumps and rotary pumps.

NOTEH For controlled-volume pumps see API Std 675; for rotary pumps see API\Std 676.

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

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

ISO 228-1, Pipe threads where pressure-tight joints are not made on the threads — Part 1:|Dimensions,
tolergnces and designation

ISO 261, ISO general-purpose metric screw threads — General plan
ISO 262, ISO general-purpose metric screw threads — Selected sizes for screws, bolts and nuts
ISO 281, Rolling bearings<=—Dynamic load ratings and rating life

ISO 286-2, ISO system of limits and fits — Part 2: Tables of standard tolerance grades and limit feviations for
holeq and shafts

ISO 124, ISO©-general-purpose metric screw threads — Basic dimensions

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

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

ISO 1940-1, Mechanical vibration — Balance quality requirements of rigid rotors — Part 1: Determination of
permissible residual imbalance

ISO 3448, Industrial liquid lubricants — ISO viscosity classification
ISO 5753, Rolling bearings —Radial internal clearance

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

© 1SO 2004 - All rights reserved 1
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ISO 7005-1:1992, Metallic flanges — Part 1: Steel flanges

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

ISO 8501-1, Preparation of steel substrates before application of paints and related products — Visual
assessment of surface cleanliness — Part 1: Rust grades and preparation grades of uncoated steel

substrates and of steel substrates after overall removal of previous coatings

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

1ISO 13707, Petroleum and natural gas industries — Reciprocating compressors

ISO 15649, FPetroleum and natural gas industries — Piping

IEC 60034 (3l parts), Rotating electrical machines

IEC 60079 (all parts), Electrical apparatus for explosive gas atmospheres

EN 287 (all parts), Qualification test of welders — Fusion welding")

EN 288 (all parts), Specification and approval of welding procedures for metallic materials
EN 13445 (a|l parts), Unfired pressure vessels

ABMA 7, Shift and housing fits for metric radial ball and roller heatings (except tapered roller beafings)
conforming t basic boundary plan?)

AGMA 201541, Accuracy classification system — Tangential measurements for cylindrical gears>
AGMA 6010 Standard for spur, helical, herringbone, and bevel enclosed drives

AGMA 6091 Standard for gearmotor, shaft mountedtand screw conveyor drives

AGMA 9002 Bores and keyways for flexible couplings (inch series)

API Std 526,|Flanged steel pressure religfyalves?®)

API Std 541,|Form-wound squirrel cage induction motors — 250 horsepower and larger

API Std 546,|Brushless synchfonous machines — 500 kVA and larger

API Std 611,|General-purpGSe steam turbines for petroleum, chemical, and gas industry services
API Std 677,|General=ptrpose gear units for petroleum, chemical and gas industry services

API RP 686, |Machinery installation and installation design

ASA S2.19, Mechanical vibration — Balance quality requirements of rigid rotors — Part 1: Determination of
permissible residual unbalance, including marine applications®)

1) Comité Européen de Normalisation, 36, rue de Stassart, B-1050 Brussels, Belgium.

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

4)  American Petroleum Institute, 1220 L Street NW , Washington, DC 20005-4070, USA.

5)  Acoustical Society of America, 35 Pinelawn Road, Suite 114 East, Melville, NY 11747, USA.
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ASME Boiler and pressure vessel code, Section V, Non-destructive examination®)

ASME Boiler and pressure vessel code, Section VIII, Rules for construction of pressure vessels, division 1

ASME Boiler and pressure vessel code, Section IX, Welding and brazing qualifications

ASME B1.1, Unified inch screw threads, UN and UNR thread form

ASME B16.1, Cast iron pipe flanges and flanged fittings classes 25, 125 and 250

ASME B16.5, Pipe flanges and flanged fittings NPS 1/2 through NPS 24

ASME B16.11, Forged fittings socket welding and threaded

ASME B16.42, Ductile iron pipe flanges and flanged fittings classes 150 and 300

ASME B16.47, Large diameter steel flanges NPS 26 through NPS 60

AWS|D1.1, Structural welding code — Steel”)

DIN 910, Heavy-duty hexagon head screw plugs®)

HI 6.6, Reciprocating pump tests®)

HI 8.1-8.5, Direct acting (steam) pumps — Nomenclature, definitions, applications, and operation

IEEE|841, Standard for the petroleum and chemical “industry — Severe duty totally enclose
(TEFLC) squirrel cage induction motors — up to and inéluding 370 kW (500 hp)10)

NACE MRO0175, Sulfide stress cracking resistantmetallic materials for oilfield equipment!1)
NFPA 70:2002, National Electrical Code'2)

SSP(C SP 6, Surface preparation specification3)

d fan-cooled

American Society of Mechanical Engineers, Three Park Avenue, New York, NY 10016-5990, USA.
American Welding Society, 550 North LeJeune Road, Miami, FL 33136, USA.

Deutsches Institut fir Normung E.V., Burggrafenstrasse 6, 10787 Berlin, Germany.

Hydraulics Institute, 9 Sylvan Way, Parsippany, NJ 07054, USA.

10) |nstitute of Electrical & Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08855-1331, USA.

11) National Association of Corrosion Engineers, 1440 South Creek Drive, Houston, TX 77084-4906, USA.

12) National Fire Protection Association, 1 Battery March Park, Quincy, MA 02269-9101, USA.

13) society for Protective Coatings, 40 24th Street, 6th Floor, Pittsburgh, PA 15222-4643, USA.
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3 Terms

and definitions

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

3.1
acoustical s

imulation

process whereby the acoustical characteristics of fluids and the reciprocating-pump dynamic flow influence

are modelled

3.2
alarm point

preset value
corrective ac

3.3
anchor bolt

Of @ measured parameter at which am ararnt 15 _activated to warim of a condition that e
tion

bolt used to attach the mounting plate to the support structure

NOTE TH

e support structure is usually a concrete foundation or steel structure.

cf. hold-down bolt (3.6)

3.4

direct-acting pump

reciprocating
is directly tra
NOTE A

3.5

pump consisting of a piston-powered drive end connected\directly to a liquid end to which
hsmitted by the action of the motive fluid on the piston

Hirect-acting pump can use steam, air, or gas as the motive fluid.

flammable liquid

liquid that K
procedures ¢

NOTE
3.6
hold-down

mounting b
bolt that hold

3.7

as a closed-cup flash point below 37,8 °C (100 °F), as determined by recommended
nd apparatus

Syitable test procedures are e.g. those set forth in NFPA 30.

olt
It
s the equipment to.the mounting plate

inlet referenice point

position, ups

NOTE At

ream of-any pulsation suppression device, at which the purchaser's connection is made

the. inlet reference point the specified inlet conditions, such as inlet pressure, inlet temperature and

uires

ower

test

NPIP,

apply.

3.8
local
(of a device)

3.9

mounted on the equipment mounting plate

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

cf. speed (3.40)

© ISO 2004 — All rights reserved
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3.10

maximum allowable temperature

maximum continuous liquid temperature permitted by the manufacturer's design when handling the specified
liquid at the specified maximum operating pressure

3.1

maximum allowable working pressure

MAWP

maximum continuous pressure permitted by the manufacturer's design when handling the specified liquid at
the specified maximum operating temperature

3.12

maximum continuous speed
highgst speed at which the machine, as built and tested, is capable of continuous operation.with [the specified
liquid at any of the specified operating conditions

cf. speed (3.40)

3.13
minimum allowable liquid temperature
lowest liquid temperature permitted by the manufacturer's design

3.14
minimum allowable speed
lowest operating speed at which the manufacturer's design permits continuous operation

cf. speed (3.40)

3.15
mounting plate
baseplate, skid or soleplate on which the equipmentis mounted

NOTEH See 7.4 for mounting plate specifications.
3.16

net gositive inlet pressure

NPIP

minimum instantaneous pressure)determined at the pump inlet reference point during pulsating pressure,
minug the vapour pressure of the liquid at the maximum operating temperature

3.17
net gositive inlet pressure available

NPI

NPIP determined-pby the vendor from the NPSHA and system data

3.18

net gositive inlet pressure required
NPIPR

minimum NPIP required by the pump to achieve the required performance with the specified liquid

3.19
NPIPR test
running test conducted to validate the NPIPR

3.20

net positive suction head

NPSH

total absolute suction pressure, determined at the underside of the mounting plate, minus the vapour pressure
of the liquid

NOTE It is expressed as head of water, in metres (feet).

© 1SO 2004 - All rights reserved 5
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3.21

net positive suction head available

NPSHA

minimum value of NPSH determined to be available under any specified operating condition at the underside
of the mounting plate, based on steady-state flow

NOTE NPSHA is a value provided by the purchaser which can be used by the supplier to calculate the NPIPA
(see 3.17). NPSHA is a function only of the system upstream of the pump and the operating conditions, and is
independent of pump design.

3.22

observed in i t]
inspection [test] for which the purchaser is notified of the timing, and the inspection [test] is performJed as

scheduled irfespective of whether the purchaser or purchaser’s representative is present

3.23
panel
enclosure used to mount, display and protect gauges, switches and other instruments

3.24
performance test
running test gonducted to confirm the pump's mechanical and volumetric efficiency

3.25
piston pump
reciprocating pump having a seal attached to the piston and moving within a cylinder

3.26

piston load
plunger Ioai

force acting ¢n one piston or plunger during any portion-of the pumping cycle

3.27
plunger pump
reciprocating pump having a uniform-section plunger that moves in a static seal

3.28
power pump
reciprocatingl pump consisting of a power end and a liquid end connected by a frame or distance piece

NOTE 1 ThHe power end of a~pewer pump transmits energy from a rotating shaft to pistons or plungers by means of a
crankshaft, copnecting rods afnd‘crossheads.

NOTE 2  THe liquid end of a power pump consists of the cylinders, the pistons or plungers, and the valves.
3.29

preliminary pnticipated system acceleration head
estimated pressure change due to changes in fluid velocity in the piping system

NOTE This is an important factor in the application of reciprocating pumps because of the pulsating nature of the flow
in the pump suction line. For additional information on acceleration heads, see Annex E.

3.30
pressure-containing part
part that acts as a barrier between process or motive liquid and the atmosphere

EXAMPLES Liquid cylinder, discharge manifold, suction manifold, stuffing box, cylinder plugs and covers (if in contact
with process fluid), valve seats (if a portion is in contact with the atmosphere), power cylinder, gas cylinder head, valve
chest, valve chest cover and heads.

6 © ISO 2004 — All rights reserved
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3.31
pressure-limiting valve accumulation pressure
pressure at which a pressure-limiting valve discharges the pump-rated flow

3.32
pressure-limiting valve set pressure
pressure at which a pressure-limiting valve starts to release pressure

3.33
pressure-retaining part
part whose failure would allow process or motive fluid to escape to the atmosphere

EXAMPLES Pressure-containing parts (3.30) and liquid and gas cylinder bolting, stuffing box bolting,| gland bolting,
glandp, and covers that constrain plugs and valve stops, but not parts such as packing, gaskets, pistons! plungers, piston
rings,|rods, valves, seats (if completely surrounded by pressure-containing parts), and internal bolting.

3.34
pump efficiency

pump mechanical efficiency

ratio pf the pump's hydraulic power to its power input

3.35
purchaser
issuglr of the order and specification to the vendor

NOTE The purchaser can be the owner of the plant in which tHe\equipment is to be installed or the owrler's appointed
agent

3.36
rated flow
total [volume of liquid actually delivered per unit time at rated operating conditions, normalised to inlet
condftions

NOTH Rated flow includes liquid and any dissolved or entrained gases or solids specified.

3.37
remgte
(of acontrol device) located away from the equipment or console, typically in a control room

3.38
shutdown set point
pre-set value of ameasured parameter at which automatic or manual shutdown of the system or|equipment is
requifed

3.39
specjal tool
tool thatiis not commercially available, e.g. from a catalogue

3.40
speed
(power pump) number of revolutions of the crankshaft in a given unit of time.

NOTE It is expressed in revolutions per minute.
3.41
speed

(direct-acting pump) number of strokes of the piston in a given unit of time.

NOTE It is expressed in strokes per minute.

© 1SO 2004 - All rights reserved 7
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unit responsibility
responsibility for coordinating the delivery and technical aspects of the equipment and all auxiliary systems
included in the scope of the order

NOTE

The technical aspects to be considered include but are not limited to such factors as the power requirements,

speed, rotation, general arrangement, couplings, dynamics, noise, lubrication, sealing system, material test reports,

instrumentatio

3.43
vendor
supplier

n, piping, conformance to specifications and testing of components.

manufacture

3.44

" or manufacturer's agent that is contractually responsible for the supply of the equipment

volumetric é¢fficiency

ratio of the p
NOTE V(

3.45

Imp rated flow to the total piston or plunger displacements per unit time

lumetric efficiency is normally expressed as a percentage.

witnessed inspection [test]

inspection [te
the inspectio

4 Gener

4.1 Units
Drawings an
units on the
that USC uni

st] for which the purchaser is notified of the timing of the inspection [test] and a hold is plac
h [test] until the purchaser or his representative is in attendance

al

of measurement

 maintenance dimensions of pumps shallbe in Sl units or US Customary (USC) units. Use
Hata sheets indicates that Sl units shalltbe used. Use of USC units on the data sheets indi
Es shall be used. See Annex D for typical data sheets.

4.2 Subveéndor control

The vendor
International

5 Statuts

The purchas
governments

wvho has unit responsibility-shall ensure that all subvendors comply with the requirements @
Standard.
Dry requirements

br and thevendor shall mutually determine the measures that must be taken to comply wit
| codes; regulations, ordinances or rules that are applicable to the equipment.

ed on

of Sli
cates

f this

N any

6 Basic design

6.1

6.1.1

General

The equipment (including auxiliaries, but excluding parts listed in Table 1, which are subject to wear

and maintenance) covered by this International Standard shall be designed and constructed for a minimum
service life of 20 years and at least 3 years of uninterrupted operation.

It is recognised that these requirements are design criteria, and that service or duty severity, misoperation or
improper maintenance can result in a machine failing to meet these criteria.

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

ISO 13710:2004(E)

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

6.1.2
scop

6.1.3

6.1.4
rated

6.1.5
purch

the maximum allowable sound pressure level specified. In order to determine compliance, the

provi

6.1.6
given

6.1.7
vend

6.1.8
suffe

NOTE

6.1.9
than

Table 1 — Maintenance items

Item Life
(months)
Packings 4t012
\/alves Qto 24
Valve seats 9to 24
Plungers 12 to 36
NOTE The actual life of these parts will depend on the liquid, the
service conditions and the installation method.

The vendor shall assume unit responsibility for all equipment and all-auxiliary systems in
b of the order.

The purchaser shall specify the normal operating point and,all other required operating pq

Equipment driven by fixed-speed induction motors shall be rated at the actual motor {
load condition.

Control of the sound pressure level (SPL) ofiall equipment supplied shall be a joint
aser and the vendor having unit responsibility<The equipment supplied by the vendor shg

e both maximum sound pressure and sotind power level data per octave band for the equip

Unless otherwise specified, the-cooling water system or systems shall be designed for t
in Table 2.

Provision shall be made for complete venting and draining of the pump and systems prq
DI

Equipment shall.be selected to run to the pressure-limiting valve accumulation preg
fing damage.

There tight be insufficient driver power to operate under these conditions.

cluded in the

ints.

peed for the
effort of the
Il conform to
vendor shall

ment.

ne conditions

vided by the

sure without

For_direct-driven equipment, the equipment’s maximum continuous operating speed sh

cons

anf>speed drives.

| be not less

105% of the rated speed for variable speed machines, and shall be equal to the rat¢d speed for

]

6.1.10 For gear-driven equipment, the gearbox input shaft maximum continuous operating speed shall be not
less than 105 % of the rated speed for variable speed machines and shall be equal to the rated speed for
constant-speed drives.

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

© IS0
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Table 2 — Cooling water system design requirements

Parameter Sl units USC units
Velocity over heat exchange surfaces 1,5m/sto 2.5 m/s (5 ft/s to 8 ft/s)
Maximum allowable working pressure (MAWP), gauge pressure 700 kPa (7,0 bar) (100 psi)
Test pressure (1,5 MAWP) 1 050 kPa (10,5 bar) (150 psi)
Maximum pressure drop 100 kPa (1 bar) (15 psi)
Maximum inlet temperature 30 °C (90 °F)
Maximum outjettemperature 50 °C (120°F)
Maximum tenpperature rise 20K (30 °R)
Fouling factor on water side 0,35 m2K/kW (0,002 hr-ft?L°R/Btd)
Shell corrosign allowance 3 mm (1/8 in)

To avoid cond
temperature.

The vendor sh
conflict. The ci

Ensation, the minimum inlet water temperature to water-cooled bearing housings should be_above the ambig

temperature risg is intended to minimise the use of cooling water. If such a conflict exists, the purchaser will approve the final seleq

terion for velocity over heat exchange surfaces is intended to minimise water-side“fouling; the criterion for mir]

bl notify the purchaser if the criteria for minimum temperature rise and velocity over heat.exchange surfaces resylt in a

nt air

imum
tion.

6.1.12 Motd

(class, group, and division or zone) specified by the purchaser and shall meet the requirements ¢

applicable sq
as any local

rs, electrical components, and electrical installations shall:be suitable for the area classifig

ctions of IEC 60079 or NFPA 70:2002, Articles 500,-501, 502, 504 and 505 as specified, a
codes specified by the purchaser (the provision of which is the purchaser's responsibility).

ation
f the
5 well

6.1.13 Oil r¢servoirs and housings that enclose moving lubricated parts, such as bearings, shaft seals, highly

polished part
dust and oth

6.1.14 All ¢
cylinder com
on reassemb

6.1.15 The

permanent fg
combined urf
The vendor {
adverse effe

NOTE M

connection logads, ,alignment at operating conditions, support structure, handling during shipment, and handlin

assembly at th

s, instruments and control elements, shalbe designed to minimise contamination by moi
pr foreign matter during periods of operation and idleness.

quipment shall be designed to permit rapid and economical maintenance. Major parts su
bonents and bearing housings shall be designed and manufactured to ensure accurate align
ly. This may be accomplished:by the use of shouldering, cylindrical dowels or keys.

equipment (machine, driver and auxiliary equipment) shall perform on the test stand and on
undation within the specified test tolerances (see 8.3.5). After installation, the performance
its shall be the jeint-responsibility of the purchaser and the vendor who has unit respons
hall review and’comment on the purchaser’s piping and foundation drawings in order to min
Cts.

hny factors'ean adversely affect performance of the pump at site. These factors include piping layout,

e site,

sture,

ch as
ment

their
pf the
bility.
mize

piping
j and

6.1.16 The equipment, including all auxiliaries, shall be suitable for operation under the environmental
conditions, and with the available utilities, specified by the purchaser. The environmental conditions shall
include installation indoors (heated or unheated) or outdoors (with or without a roof), maximum and minimum
temperatures, maximum humidity, dusty or corrosive conditions.

6.1.17 Spare and replacement parts for the machine and all supplied auxiliaries shall meet all the criteria of
this International Standard.

10
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8 Bolting for cylinders shall conform to a) through f) below.

a) The details of threading shall conform to ISO 261, ISO 262, ISO 724 and I1SO 965, or to ASME B1.1.

b) Adequate clearance shall be provided at all bolting locations to permit the use of socket spanners
(wrenches).

c) External or internal hexagon-head bolting is required unless otherwise agreed.

d) Mounting bolts shall be not less than 12 mm (0,5 in) diameter.

e) meﬁwﬁmﬂ—mm—ﬁmm&m%m—m—mhiing washers
nd headless screws). For studs, the marking shall be on the end of the stud at the same-end as the nut.

f) Mletric fine and UNF threads shall not be used.

6.1.1
a)
b)

c) |
[

e) Iold-down bolt holes shall be drilled perpendicular to the mounting surface or surfaces,

q

4

6.1.2
in thq

6.2

Unleg
wher

NOTH
redud|

6.3

NOTE A set-screw is a headless screw with a hexagonal socket in one end.

To prevent a soft foot, they shall be in the same horizontal plang ‘within 25 uym (0,001 in).

The upper machined or spot-faced surface shall bg parallel to the mounting surface.

D Mounting surfaces shall meet the following criteria.

hey shall be machined to a finish of 6,3 um (250 pin) arithmetic average roughness (Ra) or

h the same plane within 150 ym/m (0,002 in/ft).

1/2 in) larger in diameter than the hold*down bolt.

D Glands shall be bolted or threaded to the stuffing box. Gland studs shall pass through ho

Selection of pump typé

s otherwise specified, a piston pump shall not be used in applications requiring continug
b the differentialpressure across the piston is in excess of 15 MPa (150 bar) (2 175 psi).

Operation above these pressures might result in a significant reduction in piston seal and liner
ion in purp performance (due to piston seal leakage).

Ratings

smoother.

Fach mounting surface shall be machined within a flatness.of 1:24 000; corresponding surfaces shall be

machined or

pot-faced to a diameter three times that ©f the hole and to allow for equipment alignment, be 15 mm

es (not slots)

gland. Axially-split glands shall.be bolted together. Threaded gland bolts in slots are not acgeptable.

us operation

life and some

6.3.1

© IS0

Table 3 and Table 4 represent the maximum allowable speed ratings for reciprocating pumps in
continuous service.
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Table 3 — Speed ratings for power pumps in continuous service

Stroke length Speed rating
r/min
mm (in) Single-acting pumps Double-acting piston-
type pumps

50 2) 450 140

75 (3) 400 127

100 4) 350 116

125 (5) 310 108

150 (6) 270 100

175 (7) 240 94

200 (8) 210 88

250 (10) 168 83

300 (12) 140 78

350 (14) 120 74

400 (16) 105 70
For single-acting plunger pumps with five or more cylinders, speeds may be
increased by 20 % for continuous operation. For light and.intermittent duties (up to
6 h per day), speeds up to 10 % higher are permissible,

Table 4 — Speed ratings for direct-acting,;pumps in continuous service

Stroke length Speed rating
mm (im) strokes per minute
100 4) 52
150 (6) 44
200 (8) 38
250 (10) 34
300 (12) 30
350 (14) 28
400 (16) 26
450 (18) 24
500 (20) 22
600 (24) 20

Factors such as viscosity, specific gravity, abrasiveness, vapour pressure, gas solubility or evolution in the
pumped liquid, specified pressures and temperatures, or system acceleration (resulting NPSH) head may
require further speed limitations.

For installations where the NPIPA is less than 15 kPa (0,15 bar) (2,25 psi) above the NPIPR, consideration
should be given to speeds lower than those in Tables 3 and 4.

6.3.2 For kinematic viscosities above 65 mm2/s (65 cSt) (300 Saybolt Seconds Universal) at pumping
temperature, the speeds given in Table 3 and Table 4 shall be reduced using the correction factors given in

12 © 1SO 2004 — All rights reserved
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Figure 1. These correction factors apply only to pumps with plate and plug valves; for other valve designs,
refer to manufacturers' data.

7
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NOTE The{carrection factors apply only for viscosities above 65 mm?/s (65 cSt).

Figufe 1——"Speed reduction factors for viscous liquids for standard pumps with plate and plug valves,
for inlet connection sizes DN 25, 50, 80, 100, 150, 200 and 250 (NPS 1, 2, 3,4, 6, 8 ar1d 10)

6.3.3 The purchaser shall supply liquid properties. Based on these properties, the vendor shall state the
volumetric efficiency.

6.3.4 In the determination of power-pump power requirements, the value of pump efficiency used shall be
that value determined by the vendor for the specified operating conditions.

NOTE The power requirement is used for driver sizing.
6.3.5 For power pumps, the vendor shall include in the proposal the rated and maximum allowable

continuous piston or plunger loads. The allowable peak or momentary load, if different from the continuous
rating, shall also be specified.

© ISO 2004 — Al rights reserved 13


https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

ISO 13710:2004(E)

6.3.6 For direct-acting piston pumps, without liquid-end tail rods, the vendor shall include in the proposal the
maximum process liquid outlet stall pressure, the larger of the two values calculated as follows.

(dqupm){(dﬁ —drz)xm}—[(d% —drz)xpe}

Pst =

dp
dﬁxp1)+[(d%—drz)xpm}—(dﬁqxpe) )
Pst = (dg—drz) (2)
where

d,, is ttle motive piston diameter;

d,, is the liquid end piston or plunger diameter;

d, s the rod diameter;

De s the lowest motive fluid exhaust pressure;

P I8 thle highest motive fluid supply pressure;

p4 s the highest process liquid inlet pressure;

Dst I8 the maximum process liquid outlet stall pressure,

NOTE Difect-acting pumps might require protection by,pressure-limiting valves, in the process liquid and motivg fluid
circuits, if pregsures greater than design can occur.

6.3.7 Forr:ﬂirect-acting plunger pumps, without)liquid-end tail rods, the vendor shall include in the proposal
the maximunp process liquid outlet stall pressure, the larger of the two values calculated as follows:

(“r%xpm)_li(drzn_drz)xpe}

2
dp

Pst =

(a§Xp1)+[(d% —drz)xpm}—(d%we)

Pst = (dg—drz)

dy, is the motive piston diameter;

is the liquid end piston or plunger diameter;
d, is the rod diameter;

De is the lowest motive fluid exhaust pressure;
Pm I8 the highest motive fluid supply pressure;

pq is the highest process liquid inlet pressure;

14 © 1SO 2004 — All rights reserved
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Pst I8 the maximum process liquid outlet stall pressure.

NOTE Direct-acting pumps might require protection by pressure-limiting valves, in the process liquid and motive fluid
circuits, if pressures greater than design can occur.

6.4 Pressure-containing and pressure-retaining parts
6.4.1 General

Pressure-containing parts shall be designed in accordance with 6.4.2 or 6.4.3 (as selected by the vendor) and
the bolting shall be in accordance with 6.4.4, to achieve the following.

a) J?perate without leakage or internal contact between rotating and stationary components (other than
earings and seals) while subject simultaneously to the MAWP (and corresponding temperature) and the
vorst-case combination of maximum allowable nozzle loads applied to all nozzles.

b) \Vithstand the hydrostatic test.

6.4.2| The allowable tensile stress in the design of the pressure-containing\parts for any matgrial shall not
exceed 0,25 times the minimum ultimate tensile strength for that material at the maximum specifjed operating
tempprature and, for castings, multiplied by the appropriate casting factor for the type of rfon-destructive
exam|nation (NDE) as given in Table 5. The manufacturer shall state which material specification is being used
as the source of the material properties (see Annex A), as well as the casting factors applied.

Table 5 — Casting'factors

Type of non-destructive examination (NDE) Casting
factor
Visual, magnetic particle and/or’liquid penetrant 0,8
Spot radiography 0,9
Ultrasonic 0,9
Full radiography 1,0
NOTH Application of these criteria seldom results in ultimate tensile strength or yield strength governing the design;

fatigup strength usually governs thee design.

6.4.3| Pressure-containing parts may be designed with the aid of finite-element analysis. The| value of the
stres§ intensity andydeflections shall be assessed for acceptability at 150 % of MAWP. The allojvable tensile
stresg shall not exceed 0,25 times the minimum ultimate tensile strength for that material at the maximum
specified operating temperature.

—h U7

6.4.4] The allowable stress for bolts shall be used to determine the total bolting area based on hydrostatic
load phd) gasket preload, as applicable. The preload stress shall not exceed 0,75 times the bojting material
mimimum yield sitrength.

NOTE Preloading is performed to prevent bolt fatigue failure under cyclic loading.

6.4.5 The pressure-limiting valve accumulation pressure shall not exceed the maximum allowable working
pressure of the cylinder and shall not exceed 110 % of the specified pressure-limiting valve set pressure.
Piping system pressure protection is the responsibility of the purchaser.

6.4.6 Cylinders, pressure-retaining parts and supports shall be designed to prevent detrimental distortion

caused by the worst-case combination of temperature, pressure, torque, and allowable external forces and
moments based on the specified operating conditions.
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6.4.7 To prevent leakage in pressure-containing and pressure-retaining parts, metal equal in thickness to at
least half the nominal bolt diameter, in addition to the allowance for corrosion, shall be left around and below
the bottom of drilled and threaded holes. The depth of the threaded holes shall be at least 1,5 times the stud
diameter. The use of threaded connections in pressure-containing parts shall be subject to the approval of the
purchaser.

6.4.8 Jackscrews, guide rods, cylindrical alignment dowels and/or other appropriate devices shall be
provided to facilitate disassembly and reassembly, if required by pump design. Guide rods shall be of
sufficient length to prevent damage to the internals or studs during disassembly and reassembly.

If jackscrews are used as a means of parting contacting faces, one of the faces shall be relieved (counter-

b d accad) $n neAv ANt A Taaliinea ATt Ay Al T e~ Ar FiE Ao e A Iy Ay AF H A fa A
ored or recgsseeato pProve o TCakm g ot Orar T pPropCr Tt CausC ooy rarm g orthicTatc:

6.4.9 If cpoling of cylinders is necessary, separate non-interconnecting jackets are required_for-cylinder
bodies and gylinder heads. The cylinder cooling system shall be designed to positively prevent.procesg fluid
from leaking finto the coolant.

6.5 Cylinder connections

6.5.1  Openings for all piping connections on cylinders shall be standard pipe\sizes DN 20 (NPS 3/4) or
larger and sHall be in accordance with ISO 6708. The following sizes shall not be-used:

DN 32, DN g5, DN 90, DN 125, DN 175 and DN 225 (NPS 1 1/4, NPS 2:4/2, NPS 3 1/2, NPS 5, NPS T and
NPS 9).

6.5.2 All pfocess connections shall be flanged or machined and studded, except where otherwise appfoved
by the purchaser. All connections shall be suitable for the maximum allowable working pressure as defirjed in
3.11. Main inlet and outlet process connections shall be oriefited as specified. Connections shall be injegral
with the cylipder or, for cylinders of weldable material, may, be welded if agreed by the purchaser and the
vendor.

If specified, proposed connection designs shall be submitted to the purchaser for approval before fabrichtion.
The drawing|shall show weld designs, size, materials, and preweld and postweld heat treatments.

6.5.3 ConIections welded to the cylinder.shall meet the material requirements of the cylinder, incljuding
impact valugs, rather than the requirements of the connected piping (see 6.11.1.16). All welding of
connections ghall be completed before the cylinder is hydrostatically tested (see 8.3.2).

6.5.4 Buttqwelded connections; size DN 40 (NPS 1 1/2) and smaller, shall be reinforced by using forged
welding insefts or gussets.

6.5.5 For ¢onnectionstether than main process connections, if flanged or machined and studded opehings
are impracti¢al, threaded connections for pipe sizes not exceeding DN 40 (NPS 1 1/2) may be used with
purchaser’s Ipproval as follows:

a) on non-Weldable materials, such as cast iron;

b) if essential for maintenance (disassembly and assembly).

6.5.6 Pipe nipples screwed or welded to the cylinders 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).

6.5.7 Unless otherwise specified, pipe threads shall be tapered threads conforming to ISO 7-1. Openings
and bosses for pipe threads shall conform to ASME B16.5.

NOTE For purposes of this provision, ASME B1.20.1 is equivalent to ISO 7-1.
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6.5.8 If specified, cylindrical threads conforming to ISO 228-1 shall be used. If cylindrical 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.

6.5.9 Threaded connections shall not be seal-welded.

6.5.10 Threaded openings not connected to piping shall be plugged. Taper-threaded plugs shall be long-
shank solid round-head, or long-shank hexagon-head bar stock plugs in accordance with ASME B16.11. If
cylindrical threads are specified, plugs shall be solid hexagon-head plugs in accordance with DIN 910. These
plugs shall meet the material requirements of the pressure cylinder. A lubricant that is suitable for the
contained fluid and for the service temperature shall be used on all threaded connections. Thread tape shall
not be_used Plastic plugs shall not be used

6.5.11 Nozzle connections shall be in accordance with 6.5.11.1 to 6.5.11.12 as applicable.

6.5.111.1 Flanges shall conform to ISO 7005-1:1992, Series 1, including Annexes D _and E of ISO 7005-2
Serigs 1 or ASME B16.1, B16.5, B16.42 or B16.47 Series B, as specified.

6.5.1{1.2 If 1ISO 7005-1 has been specified, materials shall be in accordance with ISO y005-1:1992,
Tablg D.1 (DIN) or Table D.2 (ASTM), as specified. The pressure/temperature ratings in 1SO y005-1:1992,
Annex E, shall correspond to the materials specified.

NOTH ISO 7005-1:1992, Tables E.1 to E.4 cover materials in Table D&, and Tables E.5 to E.21 cover materials in
Table|D.2.

6.5.1{1.3 If specified, ASME B16.47 Series A flanges shall be provided.
6.5.1{1.4 Cast iron flanges shall be flat-faced and, exeept as noted in 6.5.11.5, conform to thg dimensional
requirements of ISO 7005-2 and the flange finish requirements of ASME B16.1 or ASME B16.42. Class 125
flanggs shall have a minimum thickness equal to Class' 250 for sizes DN 200 (NPS 8) and smallef.

6.4.111.5 Flanges other than those covered in 1ISO 7005-2 shall conform to the dimensional fequirements
specified in 6.5.11.1.

6.5.1]1.6 Flat-faced flanges with full_raised-face thickness are acceptable on cylinders of pll materials.
Flanges in all materials that are thicker or have a larger outside diameter than required by ISO pr ASME are
acceptable. Non-standard (oversized) flanges shall be completely dimensioned on the arrangement drawing.
If ovgrsized flanges require studs-or bolts of non-standard length, this requirement shall be ideptified on the

h-bolting.

1, 7005-2 or

| be parallel,
or bolt holes

6.5.11.10 All purchaser's connections shall be accessible for disassembly without requiring the machine, or
any major part of the machine, to be moved.

6.5.11.11 The concentricity of the bolt circle and the bore of all flanges shall be such that the area of the
machined gasket-seating surface is adequate to accommodate a complete standard gasket without protrusion
of the gasket into the fluid flow.

6.5.11.12 There shall be no openings (other than suction or discharge ports) in the pumping-chamber sides

of the liquid end or in other highly stressed areas subject to cyclic loading unless they are essential for pump
operation or performance monitoring.
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6.6 External forces and moments

The vendor shall specify in the quotation the magnitude of forces and moments which may be applied,
simultaneously, to the inlet and outlet connections at the rated operating conditions.

The acceptable forces and moments shall not be less than those given in Table 6.

6.7 Liquid

-end features

6.7.1 Liners

6.7.1.1 nless otherwise specified, piston-type, liquid-end, non-replaceable cylinders shall be projided
described in 6.7.1.2 through 6.7.1.5.

with liners as

6.7.1.2 For piston diameters of 100 mm (4 in) or less, the liner may be pressed into the cylinder.

6.7.1.3 Liners, for piston diameters larger than 100 mm (4 in), shall be attached to the-cylinder by dne of
the following|methods:

— flanged @nd bolted;

— clampeq,;

— heldin gl

ace by jack bolts;

— held in glace by followers and set-screws.

Table 6 — Forces and moments on process connections

18

Forces Moments
Pipe size DN Fiyz Frotal M. Myt
N N N-m N-m

40 255 360 115 170
50 205 420 145 210
80 425 600 215 315
100 505 720 260 385
125 610 870 325 480
150 720 1020 385 565
200 930 1320 500 735
250 1140 1620 625 920
300 1355 1920 740 1090
350 1565 2220 865 1270
400 1775 2520 980 1445
450 1980 2815 1095 1615
500 2200 3125 1220 1795

Fiotal =/ Fyx’ + F, 2+ F.% and Mo = \/sz MM P

NOTE Values shown indicate a range, negative value to positive value.
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Table 6 (continued)

Forces Moments
PRes | Fon Fioa . Mg
Ibf Ibf ft-Ibf ft-Ibf
11/2 57 81 85 125
2 66 94 107 155
3 96 135 159 232
4 114 162 192 284
5 137 196 240 354
6 162 229 284 417
8 209 297 367 542
10 256 364 461 679
12 305 432 546 804
14 352 499 638 937
16 399 567 723 1066
18 455 633 808 1191
20 495 703 890 1324
NOTE Values shown indicate a range, riegative value to positive value.
6.7.1{4 Liners which are not pressed into the cylinder shall have gaskets or O-rings for sealir|g.
6.7.1|5 The liner bore shall be machined to a surface finish of 0,4 um (16 pin) Ra or smoothey.
6.7.1|6 Replaceable cylinders shall seal at each end with a gasket or O-ring and have an ingide diameter
finishied to a surface finish of 0,4-pm*(16 pin) Ra or smoother.
6.7.2| Pistons, plungers and piston rods
6.7.2|1 Surfaces-0f metallic rods or plungers in contact with packing shall be hardened or copted. All rods
and plungers in contact with the packing shall have a minimum Rockwell hardness of HRC 35. $urface finish
shall|be 0,4 um (46 uin) Ra or smoother. If packing is supplied as complete rings that must be installed over
the cfosshead\end of the rod or plunger, the design shall ensure that packing lips shall not be [damaged by
threads or shoulders.
6.7.2|2 Piston rods, both liquid and drive ends, shall be of corrosion-resistant material. For| direct-acting

pumps, valve rods shall also be of corrosion-resistant material.

6.7.2.3 Pistons or plungers shall be secured to the rods or crossheads with locking methods suitable for
the specified service conditions.

6.7.2.4 All compartments of hollow pistons or plungers shall be permanently vented.

6.7.2.5 Tail rods shall be provided if, without the tail rod, the rod load when stroking toward the liquid end
exceeds 2,5 times the rod load when stroking toward the gas end.

6.7.3 Valve seats

Valve seats shall be replaceable. For non-corrosive service, seats may be taper-threaded into the cylinder.
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If corrosive service is specified, seats shall be
— pressed into tapers in the cylinder,

— pressed into valve adapter tapers, or

— positively retained (e.g. by a clamp or plug).
6.7.4 Gaskets

To prevent extrusion, and for design gauge pressures over 2 400 kPa (24 bar) (350 psi) or temperatures over
180 °C (350 [F), cylinder and valve gaskets shall be of one piece and shall be confined.

6.7.5 Stuffing boxes, packing and glands

6.7.5.1 If temperature control of the stuffing box is required, the fluid shall be kept in_the liquid phdse. If
cooling or heating jackets are supplied, they shall be designed for a working gauge jpressure of 700 kPa
(7 bar) (100 psi).

6.7.5.2 nless otherwise approved by the purchaser, threaded glands shall be supplied.
6.7.5.3 5land studs shall pass through holes (not slots) in the gland. Headed gland bolts in slots afe not
acceptable.

6.7.5.4 Axially split glands shall be bolted together.

6.7.5.5 hreaded glands shall be provided with gland pawls or equivalent devices to ensure pdsitive
locking.

6.7.5.6 f specified, or recommended by the vendor;,a flush shall be supplied to the stuffing box.

6.7.5.7 A lantern ring or throat bushing shallbeprovided for the following purposes.

a) |If the rated suction pressure is below atmospheric, a lantern ring shall be supplied to permit injection of a
sealing ljquid.

b) The vendor shall recommend the~stuffing box design for handling the specified liquid at the spegified
maximum operating conditions,

NOTE Conditions that might\bé considered are temperature, viscosity control, particulate content of the pumped fluid,
control of a hagardous pumped-fluid, and environmental reasons.

c) If the pumped liguid provides insufficient lubrication, the packing shall be lubricated by an external liquid.

6.7.5.8 ['he liquid end stuffing box bore finish shall be 1,6 ym (63 pin) Ra or smoother.

6.7.5.9 If specified, a liquid-tight, non-pressurised collection chamber shall be provided, with minimum
DN 15 (NPS 1/2) drain and vent connections, to contain packing leakage.

6.7.5.10 If specified, a minimum DN 8 (NPS 1/4) purge connection shall be provided to directly purge fluid
to a lantern ring positioned to minimise pumped fluid leakage to the atmosphere.

It is recognised that this purge fluid may result in increased leakage to the atmosphere. The purchaser and the

vendor should review any potential leakage-collection/-containment system to ensure that all applicable
environmental, health and safety regulations are met.
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6.8 Power-end running gear

6.8.1 If specified, the following shall apply.

a) Crankshafts shall be forged, wrought or cast in one piece.

b) Forced-lubrication passages in crankshafts shall be drilled.

c) Quintuplex pumps shall have a minimum of three main bearings.

d) Septuplex pumps and larger shall have a minimum of four main bearings

6.8.2| If rolling-element bearings are used, they shall have a basic rating L, (in accordance-with ISO 281) of

at legst 25 000 h with continuous operation at rated conditions, and at least 16 000 h at maximym loads and

rated|speed.

NOTH 1 ISO 281 defines basic rating life, L,,, in units of millions of revolutions. Industry.practice is to convert this to

hours{and to refer to it as L,

NOTH 2  For the purpose of this provision, ABMA 9 is equivalent to ISO 281.

6.8.3| Rolling-element bearings shall be located, retained and mounted’on the shaft in accordance with the

following.

a) [Bearings shall be retained on the shaft with an interferencefit and fitted into the housing with a diametral
learance, both in accordance with ISO 5753 or ABMA7 or as recommended by [the bearing
anufacturer.

b) earings shall be mounted directly on the shaft-Bearing carriers are acceptable only with th¢ purchaser's
pproval.

c) earings shall be located on the shaft\using shoulders, collars or other positive locating devices; snap
ings and spring-type washers are neta¢ceptable.

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

NOT This subclause applies to all rolling-element bearings, including both ball and roller types. For certain roller

bearings, such as cylindrical;~roller types with separable races, bearing housing diametral clearance
appropriate.

6.8.4] Crossheads-6n power pumps loaded in excess of 525 kW (700 hp) per cylinde
replageable or.adjustable shoes or guides. Crosshead bores for pumps loaded in excess of 75
per cylinder shall have renewable liners or sufficient wall thickness for re-boring.

6.8.5| ~The pump design shall ensure adequate lubrication of the crosshead pin bearings for

might not be

shall have
kW (100 hp)

all specified

operating conditions, especially high inlet-pressure applications

6.8.6

Internal or bolted-on main gearing shall be either single- or double-helical type, or worm gears if

approved by the purchaser, and shall be manufactured to the tolerances in accordance with 1SO 1328-1,
Accuracy Grade 7, or the equivalent AGMA 2015-1 Accuracy Grade, or better. Gear ratings and service
factors shall be in accordance with AGMA 6010, based on the driver nameplate rating including any driver
service factor. Gear and pinion hardness combinations shall be in accordance with the recommended values
in AGMA 6010. Brinell hardness combinations of 275 HBW and 320 HBW or more are preferred for gears and
pinions, respectively. The calculated values of gear rated horsepower, based on both tooth-surface durability
and tooth bending strength, shall be included in the vendor’s proposal.

6.8.7 The crankcase shall be a cast or fabricated enclosure that shall house the crankshaft, connecting rods,
crossheads and bearings, and internal gearing if provided.
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Sealing shall be provided at all openings in the crankcase to prevent contamination of the power-end

lubricant. All covers shall be gasketed and shall be sufficiently rigid to compress gaskets properly with the
bolting supplied.

6.8.9

Internal gearing in the power end shall use the same oil and sump as the crankshaft and connecting-

rod bearings. The power end shall be provided with a filtered vent and an NPS 1/4 (minimum) connection for
purging. An accessible drain DN 15 (NPS 1/2) minimum shall be provided at the lowest point of the sump. If
specified, a drilled, tapped and plugged connection shall be provided for insertion of an oil heater.

NOTE Emissions control methods may require that the power end be pressurised to a slightly higher pressure than
that in the distance piece.

6.8.10 The (distance piece shall have access openings of adequate size to permit removal of the_pagking,
stuffing box, pnd parts associated with the stuffing box, if necessary for maintenance.

6.8.11 The distance piece shall be equipped with safety guards, louvered weather covers ar\gasketed| solid
covers, as specified. Access openings for solid covers shall be surfaced and drilled.

6.8.12 If prqvided with a solid cover, the distance piece shall have a vent of not less than DN 15 (NPS 1/2).
6.8.13 Each distance-piece compartment shall have a DN 15 (NPS 1/2) minimum drain connection.

6.8.14 Vertical pumps that have the liquid end attached directly to the~power end shall be fitted With a
thermal barrigr if the liquid temperature range is liable to cause condensation’in the power end.

6.9 Direct-acting pump

6.9.1 The [power cylinder shall be designed to cushion the piston at the end of the stroke and prevent
sudden decejeration and contact between reciprocating andstationary components.

6.9.2 The power cylinder shall be designed to allow»a-piston diameter increase of 6 mm (1/4 in) minimym.
6.9.3 D-type slide valves with flat seating surfaces may be supplied for operation with steam temperdtures
up to 260 °¢ (500 °F) and steam gauge pressures up to 2 100 kPa (21 bar) (300 psi), provided lubficant
carried by th¢ steam is adequate. Valve seating surfaces shall be capable of being re-lapped.

6.9.4 If thg steam temperature is aboye 260 °C (500 °F) or if the steam gauge pressure is above 2 100 kPa
(21 bar) (304 psi), the main steam @alves shall be of the radially balanced piston type with removable lingrs in
the steam chest.

6.9.5 The |power piston,shall be secured to the rod with a nut. The nut shall be locked to the rod with a
cotter pin or with anotherlocking device suitable for the service.

6.9.6 Stuffjng boxes; packing, and glands for air and steam shall comply with the following.

a) Piston-rod stuffing-box bore finish shall be 1,6 ym (63 pin) Ra or smoother.

b)

the atmospheric side of the packing, or by oil injected into a lantern ring in the stuffing box.

Packing requiring lubrication shall be lubricated by oil entrained in gas, by oil fed into the stuffing box on

6.9.7 The power end may be of the non-lubricated design if the drive medium can provide sufficient
lubrication, e.g. wet steam. Non-lubricated construction shall include a piston-type main valve, special piston
rings, a honed cylinder bore, suitable rod packing and any other feature required for non-lubricated operation.
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6.10 Lubrication

6.10.1 Lubrication for power pumps

6.10.1.1 Unless otherwise specified, bearings and bearing housings shall be designed for oil lubrication
using a mineral oil in acordance with ISO 3448.

6.10.1.2 If specified, or if recommended by the pump vendor, the power-end lubrication system may be
splash-, positive pressure- or gravity-lubricated. A sight glass, gauge, or oil-level dipstick shall be provided.
6.10.1.3 Unless otherwise specified, pressurized oil systems shall be general-purpose, in accordance with
ISO 10438-3, as modified or supplemented by this International Standard.

NOTH For the purpose of this provision, API Std 614 Chapter 3 is equivalent to ISO 10438-3.

6.10./1.4 If specified, or if recommended by the vendor and approved, by the gurchaser, a
presgure-lubrication system shall be supplied to supply oil at a suitable pressure to,the pump, the driver and
any gther driven equipment, including gears.

6.10.1.5 External pressure-lubrication systems shall comply with ISO 10438-3 and with Annexq G.

6.10.1.6 The oil drain piping shall be sloped 1 in 50 [20 mm/m (0,25 in/ft)].

6.10.1.7 If oil is supplied from a common system to two or mofe machines (such as a pump, [a gear and a
motof), the oil's characteristics shall be suitable for all¢.equipment supplied. The vendor| having unit
respgnsibility shall obtain approval of the purchaser and the-other equipment vendors for the oil sglection.
NOTH The typical lubricants employed in a common @il system are mineral (hydrocarbon) oils that[correspond to
ISO 3448 Grades 32 through 68.

6.10./1.8 If specified, the pressure-lubrication system shall be special-purpose, in accgrdance with
1043B-2. For such a lubrication system, datasheets should be supplied.

NOTEH For the purpose of this provision;-API| Std 614 Chapter 2 is equivalent to ISO 10438-2.

6.10.2 Lubrication for liquid end, and power end

6.10.R.1 If specified, a mechanical lubricator shall be supplied for stuffing box lubrication and any other
point requiring lubricatioh-

6.10.2.2 The lubricator shall be supplied with a separate compartment for each type of lubrigant required.
Each| lubricant cempartment shall be sized for at least 30 h of operation at the maximum expegted pumping
rate.

6.10.2.3 All lubricator lines shall be rated for the pressure into which the lubricator must pump or for the
presguteywhich the lubricator pump can generate, whichever is higher.

6.10.2.4 For lubrication points that are under pressure, a suitable check valve shall be supplied in the

lubricant line, near the point of lubrication.

6.10.2.5 For injection into a liquid-end stuffing box lantern ring with packing on both sides, each lubricator
feed shall be rated at least equal to the maximum allowable working pressure.
6.10.2.6 A separate lubricant line shall be supplied for each point of lubrication, unless a divider block is

supplied to meter lubricant positively to each point.

6.10.

2.7 Unless otherwise specified, the lubricator shall be mounted on the pump. On powe

r pumps, the

lubricator may be mechanically driven from the crankcase driving mechanism or may be separately driven. On
direct-acting pumps, the lubricator shall be ratchet-driven by the pump.
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6.10.2.8

purchaser, the pump vendor shall supply the lubricant line and check valve for field installation.

6.11 Mater

ials

6.11.1 General

6.11.1.1

conditions specified, except as required by the data sheet or this International Standard.

he materials of construction of all major components shall be clearly stated in the ven

For direct-acting pumps, if the point of lubricant entry for the gas end is in a line supplied by the

The materials of construction shall be the manufacturer's/supplier's standard for the operating

dor's

6.11.1.2
proposal. M
material graq
specification
proposal.
6.11.1.3
fluids. Nicke

hardened stg

WARNING —

bterials shall be identified by reference to applicable International Standards, includin
e (Annex A may be used for guidance). If no such designation is available, the vendor's ma
giving physical properties, chemical composition and test requirements, shall be inCluded

-copper alloys (NW 4400 or UNS N04400), bearing babbitt, and copper-eontaining precipit
inless steels are excluded from this restriction.

~ Certain corrosive fluids in contact with copper alloys have been known to

explosive compounds.

6.11.1.4
that may be
inspections s

The purchas
components

6.11.1.5

'he vendor's response to the enquiry shall specify the optional tests and inspection proce
necessary to ensure that materials are satisfactory for the’service (see 6.11.1.2). Such test
hall be listed in the proposal.

br may specify additional optional tests and inspections, especially for materials used for G
or in critical services.

External parts that are subject to rotary eor sliding motions (such as control linkage joints

adjustment npechanisms) shall be of corrosion-resistant materials suitable for the site environment.

6.11.1.6
least equal tq

6.11.1.7
present in th
stress-corros

NOTE
polythionic aci

6.11.1.8
are to be fe
stabilised grg

Minor parts such as nuts, springs, washers, gaskets and keys shall have corrosion resistar
that of specified parts in thessame environment.

'he purchaser shall speeify in the enquiry any corrosive agents (including trace quan
b motive and process. liquids and in the site environment, especially constituents that might g
ion cracking.

Typical agents of concern are hydrogen sulfide, amines, chlorides, cyanides, fluorides, naphthenic ac

0.

f austenitic stainless steel parts exposed to conditions that may promote intergranular corr
bricated, hard-faced, overlaid or repaired by welding, they shall be made of low-carb
des.

) the
terial
n the

f specified, copper or copper alloys shall not be used for parts that are in,contact with process

htion-

form

Hures
5 and

ritical

and

ce at

fities)
ause

d and

psion
bn or

NOTE
grades of aust

6.11.1.9

enitic stainless steel unless a buffer layer that is not sensitive to intergranular corrosion is applied.

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

If mating parts such as studs and nuts of austenitic stainless steel or materials with similar galling

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

NOTE

whether anti-seizure compound is used.

The torque loading values to achieve the necessary preload are likely to vary considerably, depending upon

6.11.1.10 The purchaser shall specify the amount of wet H,S that may be present, considering normal
operation, start-up, shutdown, standby, upsets, or unusual operating conditions such as catalyst regeneration.
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The purchaser shall specify whether reduced-hardness materials in accordance with NACE MR0175 shall be
provided. If reduced-hardness materials are specified, ferrous materials not covered by NACE MR0175 shall
have a yield strength not exceeding 620 N/mm?2 (90 000 psi) and a Rockwell hardness not exceeding HRC 22.
Components that are fabricated by welding shall be post-weld heat-treated, if required, so that both the welds
and the heat-affected zones meet the yield strength and hardness requirements.

Application of NACE MR0175 is a two-step process. First, the need for special materials is determined and,
second, the materials are selected. Specification of this subclause assumes the purchaser has determined the
need, and limited hardness materials shall be supplied.

sulfide stress-

In many applications, small amounts of wet H,S are sufficient to require materials resistant to
i g e e Fré et-H i is-aAy uncertainty

corro

abouf the amount of wet H,S that may be present, the purchaser shall note on the data sheets-dhat materials
resis{ant to sulfide stress-corrosion cracking are required.

6.11.1.11 The vendor shall select materials to avoid conditions that may result inpelectrolytid corrosion. If
such|conditions cannot be avoided, the purchaser and the vendor shall agree on.the material $election and
any gther precautions necessary.

NOTH If dissimilar materials with significantly different electrical potentials are placed in contact in the presence of an
electrplytic solution, galvanic couples that can result in serious corrosion of the less noble material can b¢ created. The

NACE

6.11.1.12 The manufacturer's data report forms, as specified inccodes such as ASME VI, are

NOTH

6.11.1.13 Steel made to a course austenitic grain-size\practice (such as ASTM A 515) shall

Only

6.11.1.14 O-ring materials shall be compatible with all specified services. Special consider3

given

deprgssurisation (explosive decompression);*It shall be specified on the datasheet if the servicq

there

NOTEH
comp

6.11.
AST

Grad
case
temp

For impact requirements, see 6.11.5.

fully killed or normalised steels made to fine-grait;practice shall be used.

to the selection of O-rings for high-pressure services to ensure that they will not be damags
is a risk of explosive decompression:

Susceptibility to explosive.\decompression depends on the gas to which the O-ring is
bunding of the elastomer, the temperature of exposure, the rate of decompression and the number of d

.15 The minimum. quality bolting material for pressure-retaining parts shall be carbon s
N A 307 Grade B) for’ cast iron cylinders, and high temperature alloy steel (such as
b B7) for steel cylinders. Carbon steel nuts (such as ASTM A 194 Grade 2H) shall be useg
hardened carbon’ steel nuts (such as ASTM A 563 Grade A) shall be used where space i
bratures below —29 °C (-20 °F), low-temperature bolting material (such as ASTM A 320) shg

with the’same nominal properties as the cylinder material or shall be of low-carbon austenitic st

6.11."

.16 . Unless otherwise specified, auxiliary piping welded to alloy steel cylinders shall be

Corrosion Engineer’s Reference Book [105] is one resource for selection @fsuitable materials in thesg situations.

ot required.

not be used.

tion shall be
d upon rapid
is such that

exposed, the
ycles.

eel (such as
ASTM A 193
, except that
5 limited. For
Il be used.

of a material
hinless steel.

Othef[ materials compatible with the cylinder material and intended service may be used with the purchaser’s

approval.

6.11.2 Castings

6.11.2.1

Castings shall be sound and free from porosity, hot tears, shrink holes, blow holes, cracks, scale,

blisters, and similar injurious defects in excess of that specified in the material specification or any additional
specified acceptance criteria. Surfaces of castings shall be cleaned by sandblasting, shotblasting, chemical
cleaning, or other standard methods. Mould-parting fins and the remains of gates and risers shall be chipped,
filed or ground flush.

6.11.2.2 The use of chaplets in pressure castings shall be held to a minimum. If chaplets are necessary,
they shall be clean and corrosion free (plating is permitted) and of a composition compatible with the casting.
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6.11.2.3 Ferrous pressure-containing castings shall not be repaired by welding, peening, plugging,
burning-in or impregnating, except as follows.

a) Weldable grades of steel castings may be repaired by welding in accordance with 6.11.4. Weld repairs
shall be inspected according to the same quality 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, to 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.

6.11.2.4 Colly analocad rad vaide wwhiak b me-fulh-eneclosed-byv—rethods—sueh-as—plaaaira—weldin
. - 0 ully CITUIVOUU VUTUOUU VUIUO WIilTulT VOUUTTTC Iully CITuIivoTuU Lly Mreuaivuo ouvIlT do PIU&HII Iy, vV I g,

or assembly fre prohibited.

6.11.3 Forgings

Pressure-containing ferrous forgings shall not be repaired except as follows.

a) Weldablg grades of steel forgings may be repaired by welding in accordance with\6)11.4. After majo weld
repairs, [and before hydrotest, the complete forging shall be given a post-weld-heat treatment to epsure

stress rglief and continuity of mechanical properties of both weld and parent-metal.

b) All repaifs that are not covered by the material specification shall be subject to the purchaser's approval.

6.11.4 Welding

6.11.4.1 Velding and weld repairs shall be performed in aceordance with Table 7. If specified, alterpative
standards may be proposed by the vendor for the purchaser!s approval and, if so, they shall be referenged in
data sheets (see Annex D).

Table 7 — Welding requirements

Requirement Applicable code or standard
Welder/operator qualification EN 287 (all parts) or ASME IX
Welding procedure qualification Applicable material specification or, if weld procedures

are not covered by the material specification, EN 288
(all parts) or ASME IX

Non-{pressure-retaining structural welding AWS D1.1
suchl as mounting plates of supports

Magnetic particleordiquid penetrant ASME VI, Division 1, UG-93(d)(34)
examination ofithelplate edges

Posttweld heat treatment Applicable material specification or ASME VIII,
Division 1, UW 40

oot

fabrication welds Division |

Posthweéld-heat-treatment of evdindar Annlicahla matarial cnacifincation Ar I\QI\/IE AVAIT]
et Heoh—HH e ertoO+6Yy FppPreaBieHHatehat-SpP HEOH-O— o1Vt VT

6.11.4.2 The vendor shall be responsible for the review of all repairs and repair welds to ensure that they
are properly heat-treated and non-destructively examined for soundness and compliance with the applicable
qualified procedures (see 6.11.4.1 and 8.2.2).

6.11.4.3 If specified, the purchaser shall be notified before a major repair is made. For this purpose, a
major repair is defined as

— arepair of any moving part,
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— arepair of a pressure-containing part in which the depth of the cavity prepared for repair-welding exceeds
50 % of the component wall thickness or is longer than 150 mm (6 in) in any direction, or

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

6.11.4.4 Pressure-containing parts made of wrought materials or combinations of wrought and cast
materials shall conform to a) through e).

a) Accessible surfaces of welds shall 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. If specified, the quality control of welds that will be inaccessible on completion of the

fabricatiomshatt-beagreed-onm by thepurchaserand-vendor priortofabricatom———

b) Hressure-containing welds, including welds of the cylinder to axial-joint and radial-joint\flanpes, shall be
full-penetration welds.

c) I dimensional stability of the component must be assured for the integrity of pump operation, then post-
veld heat treatment shall be performed regardless of thickness.

d) The purchaser shall specify if, in addition to the requirements of\6.11.4.1, specific wglds shall be
subjected to NDE.

e) Host-weld heat treatment, if required, shall be carried out after)all welds, including piping|welds, have
tLeen completed.
6.11

.5 Connections welded to cylinders shall comply with a) and b).

a) Attachment of suction and discharge nozzles shall’be by means of full-fusion, full-penetration welds.
[Velding neck flanges shall be used for pumps handling flammable or hazardous liquids. Disdimilar metals
ghall not be welded together.
b) $uction and discharge nozzle welds shall be inspected in accordance with 6.11.4.4 a). The purchaser
hall specify if the following additional:examinations shall be performed:

17PN

1) magnetic particle or liquid fienetrant examination of auxiliary connection welds;

i

2) ultrasonic or radiographic examination of any pressure-containing welds.

6.11.p Low-temperature’service

6.11.5.1 The purchaser shall specify the minimum design metal temperature to which the pump will be
subjgcted in serviee. This temperature shall be used to establish impact test requirements. Normally, this will
be the lowerlaf) the minimum surrounding ambient temperature or minimum liquid pumping [temperature.
Howegver, the.purchaser may specify a minimum design metal temperature based on properties of the pumped
liquid, such‘as auto-refrigeration at reduced pressures.

6.11.5.2 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 regard to conditions that may
occur during operation, maintenance, transportation, erection, commissioning and testing. Good design
practice should be followed in the selection of fabrication methods, welding procedures, and materials for
vendor-supplied steel pressure-retaining parts that may be subject to temperatures below the ductile-brittle
transition temperature. The published design-allowable stresses for metallic materials in standards such as
the ASME Code and ANSI standards are based on minimum tensile properties. Some standards do not
differentiate between rimmed, semi-killed, fully killed hot-rolled and normalized material, nor do they take into
account whether materials were produced under fine- or coarse-grain practices. The vendor should therefore
exercise caution in the selection of materials intended for services between —-29 °C (-20 °F) and 40 °C
(100 °F).
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6.11.5.3

regard to impact-testing requirements.

nal thickness of the largest butt-welded joint;

the largest nominal section for pressure containment, excluding

structural support sections, such as feet or lugs,

The purchaser shall specify whether EN 13445 (all parts) or ASME VI, Division 1 shall apply with

The governing thickness used to determine impact-testing requirements shall be the greater of

6.11.5.4
the following:
a) the nomi
b)
1)
2) sec
3) stru
cha
6.11.5.5
a) all press
(=20 °F)
exempt
b) carbon
tempera
— Imp|
— Imp|
esta

Min
UCH

meg¢t the minimum impact energy requirements of paragraph UG-84 of the ASME Code.

6.12 Nameplates and rotation arrows

6.12.1 A n3g
piece of auxi

ions with increased thickness required for rigidity to mitigate deflection,

ctural sections required for attachment or inclusion of mechanical features such as jackets o
mbers.

f ASME VIII, Division | is specified (see 6.11.5.3), the following shall apply:

bure-retaining steels applied at a specified minimum design metal temperature below —
shall have a Charpy V-notch impact test of the base metal and the.weld joint unless the
n accordance with ASME VIII, Division 1, UHA-51;

steel and low alloy steel pressure-retaining parts applied at @ specified minimum design
ture between —29 °C (—20 °F) and 40 °C (100 °F) shall require impact testing as follows.

Aact testing is not required for parts with a governing thickness (6.11.5.4) of 25 mm (1 in) or le

act testing exemptions for parts with a governing thickness greater than 25 mm (1 in) sh
blished in accordance with paragraph UCS-66-in Section VIII, Division 1 of the ASME ¢
mum design metal temperature without impact testing may be reduced as shown in H
B-66.1 of the ASME Code. If the material isynot exempt, Charpy V-notch impact test results

meplate shall be securely @ttached at a readily visible location on the pump and on any
iary equipment.

r seal

PO °C
y are

metal

SS.

il be
Code.
igure
shall

major

6.12.2 Rotation arrows shall bé-~cast-in or attached to each major item of rotating equipment at a rg¢adily

visible locatiq

n if direction of rétation affects performance and/or reliability.

bpper

at on

6.12.3 Nameplates and-rotation arrows (if attached) shall be of austenitic stainless steel or nickel-c
(NW 4400 orfUNS N04400) alloy. Attachment pins shall be of the same material. Welding is not permitted.
6.12.4 The follewing data (if relevant) shall be clearly stamped or engraved on the nameplate, except th
very small pieces of equipment some of these data may be omitted if approved by the purchaser.

a) vendor's name;

b) serial number;

c) size, type and model;

d) rated capacity;

e) minimum and maximum rated pressures;

f)  minimum and maximum rated temperatures;

g) rated speed;
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rated power;

MAWP;

maximum allowable temperature;
purchaser item number or other reference;

pumped liquid.

6.12.5 Power pumps shall be provided with a plate mounted in a conspicuous place on the crankcase to

speci

fy the type and quantity of lubricant required for the power end.

4

711

711
cond
spec
in the

711
temp
cond

711
shall
spee

711
vertid

7.1.2

71.2
as ajf
with

moto|
any

suita
given

A\ccessories
Drivers

General

1 The driver shall be of the type specified, shall be sized to meet the maximum specif]
tions, including external gear and coupling losses, and shall be in accordance wit
fications, as stated in the enquiry. The driver shall operate under the utility and site conditi
enquiry.

2 The driver shall be sized to meet all process ‘variations, such as changes in t
erature or properties of the liquid handled, and conditions specified in the enquiry, including
tions.

3 The driver shall be capable of starting under the conditions specified, and the stg
be agreed by the purchaser and the vendor. The driver's starting-torque capabilities sha
J-torque requirements of the driven equipment by a minimum of 10 %.

4
al jackscrews.

Motors

1 Motor drives.shall be in accordance with IEC 60034 (all parts), or with APl Std 541 o
plicable. Motors~that are below the power scope of APl Std 541 or API Std 546 shall be in
EC 60034 (all’parts) or IEEE 841. Electric motor drivers shall be rated with a service factg
r rating shallP’be at least 110 % of the greatest power required (including gear and couplin
bf the specified operating conditions. The motor nameplate rating, including service fag
ble for-Operation at 100 % of the pressure-limiting valve accumulation pressure. Considera

to the starting conditions of both the driver and driven equipment and the possibilit

ed operating
h applicable
bns specified

he pressure,
blant start-up

rting method
| exceed the

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

API Std 546
accordance
r of 1,0. The
g losses) for
tor, shall be
tion shall be
y that these

cond

tions may be different from the normal operating conditions.

NOTE

performance tolerances of the driven equipment.

71.2.2 The purchaser shall specify the type of motor, its characteristics and accessories,
following:
a) electrical characteristics;

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

c) t

© IS0

ype of enclosure;
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d)

e)

f)

9)

h)

i)

j) auxiliari
k) vibration
1)

71.2.3
voltage of 80
to full speed
71.24

side loads i

7.1.3 Steam turbines

7.1.3.1

continuously
(including all
specified no
pressure-lim

NOTE TH
performance t

7.1.4 Gear

71.4.1
(25 horsepoV
pumps, or Cl

7.1.4.2
to AGMA 60

71.4.3
for given sel

use in variable-frequency drive applications.

sound pressure level;

area classification;

type of insulation;

any required service factor;
transmission losses, if any;

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

acceptance criteria;

'he motor's starting torque shall meet the requirements of the driven equipment, at a reg
% of the normal voltage, or such other value as may be specified, and thesmotor shall acce
within 15 s or such other period of time agreed upon by the purchaser andthe vendor.

Motors for belt or chain drives shall be of extended-shaft construction’ and shall be suitable f
posed by the drive, taking into account the width of the bush.

Steam turbine drivers shall conform to API Std 611 Steam turbine drivers shall be siz
deliver not less than 110 % of the maximum_ power requirement of the driven equig

mal steam conditions. The maximum powerrequirement includes operation at 100 %
ting valve accumulation pressure.

blerances of the driven equipment.

units

Sear units integral with-motor drivers are acceptable only if the driver nameplate rating is 1
ver) or less. These integral gear units shall conform to AGMA 6091, Class Il for duplex
ass |l for multiplex:pewer pumps.

Coupled gears'shall be either single helical or double helical herringbone type and shall co
0. If spegifigd, gear units shall conform to API Std 677.

uced
erate

br the

ed to
ment

gear and coupling losses), when operating at any of the specified operating conditions, with the
qf the

e 110 % applies to the design phase of-the ‘project. After testing, this margin might not be available gue to

8 kW
ower

hform

['he gear service factor shall be mutually agreed upon by both the gear and pump manufact

factor shall b

vice cond|t|ons such as variable torque loading and torsional crltlcal speeds. The gear s¢
A that

urers
rvice

required by AGMA 6010 for standard gear reducers and/or API Std 677 if elther of these has been specified.

7.2 Couplings and guards

7.21

be supplied by the manufacturer of the driven equipment.

7.2.2

thermal effects shall be supplied to the vendor of the coupling.

NOTE

30

This information is normally supplied by the vendor of the driven equipment or the vendor of the driver.

Unless otherwise specified, flexible couplings and guards between drivers and driven equipment shall

Information on shafts, keyway dimensions (if any), and shaft end movements due to end play and
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7.2.3 The coupling-to-shaft juncture shall be designed and manufactured to be capable of transmitting
power at least equal to the power rating of the coupling.

7.2.4 Unless otherwise specified, the couplings shall be mounted with taper-lock bushes or in accordance
with a) through c) below. For a tapered-hub coupling, the vendor shall provide a plug gauge from a matched
plug and ring set, for the purpose of checking the bore of the hub, unless an alternative method of ensuring a
correct fit has been agreed.

a) Flexible couplings shall be keyed to the shaft. Keys and keyways and their tolerances shall comply with
ISO 286-2 (tolerance class N8) or AGMA 9002, Commercial Class.

b [P RVH N Hehaaeantb—erdiade L baor ball b maHaiad b —intarfaran 1 S e H=P= P | h ft h "
TCATVIC CUUMTITTYyo Wit UyTiTidrivar YUTT o ofidilh YT TTTUUTTIICTU  Witl T art TICTToTTriut Tt O yniriariegl S a S S a

omply with ISO 286-2 (tolerance class N8) or AGMA 9002 (Commercial class) and the|cpupling hubs
hall be bored to the following tolerances in accordance with ISO 286-2.

PO

1) For shafts of 50 mm (2 in) diameter and smaller: Tolerance class N7.
2) For shafts larger than 50 mm (2 in) diameter: Tolerance class N8.

c) Coupling hubs shall be supplied with tapped puller holes of diameter atleast 10 mm (0,375|in) on shafts
vith diameters greater than 40 mm (1,5 in) to facilitate removal.

7.2.5| Couplings shall be selected with a service factor not less than that recommended by|the coupling
manufacturer for the intended service.

7.2.6| If the driven-equipment vendor is not required to mountthe driver, the coupling purchaser shall deliver
the fdilly machined half-coupling to the driver manufacturer’s plant or any other designated locafion, together
with the necessary instructions for mounting the half-coupling on the driver shaft as specified by |the specified
date.|Any delay shall be added to the delivery date.

7.2.7| If the driver is a horizontal sleeve-beaning motor, limited end-float couplings shall bg supplied to
prevent end contact between shoulders on the. motor shaft and its bearings.

7.2.8| Each coupling shall have a eoupling guard which is removable without disturbing |the coupled
elements and shall meet the following requirements.

a) Coupling guards shall enclose the coupling and the shafts to prevent personnel from contdcting moving
parts during operation,of the equipment train. Allowable access dimensions shall comply With specified
gtandards, such as |IS©14120, EN 953 or ASME B15.1.

b) Guards shall be‘constructed with sufficient rigidity to withstand a 900 N (200 Ibf) static point |
in any direction Without the guard contacting moving parts.

¢ad (or force)

c) (Guardssshdll be fabricated either from solid sheet or plate with no openings or from expanded metal or
erforated sheets if the size of the openings does not exceed 10 mm (0,375 in). Gugrds shall be
ofstructed of steel, brass or non-metallic (polymer) materials. Guards of woven wire shall npt be used. If

—e—

7.3 Beltdrives

7.3.1 Belt drives shall only be used for equipment of 150 kW (200 brake hp) or less. Unless otherwise
specified, banded multi-V belts shall be provided. If more than one banded multi-V belt is required, the vendor
shall supply matched belt lengths. All belts shall be of the static-conducting type and shall be oil-resistant. The
drive service factor shall not be less than 1,5 for multiplex plunger pumps, 1,6 for duplex double-acting piston
pumps, and 1,75 for duplex single-acting pumps based on the driver nameplate power rating. If specified, a
cog-belt or chain-type drive shall be provided. Details shall be mutually agreed upon between the vendor and
the purchaser.

NOTE Oil-resistant belts have a core of polychloroprene (e.g. neoprene) or an equivalent material.
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7.3.2 The vendor shall provide a positive belt-tensioning device. This device shall incorporate either a
lateral adjustable base with guides and hold-down bolts, two belt-tensioning screws and locking devices, or a
vertical adjustable base with four belt-tensioning screws, each with a locking device.

7.3.3

a)

Belt drives shall meet the following requirements:

larger sheaf;

b)

the belt wrap (contact) angle on the smaller pulley shall be at least 140°;

the shaft length on which the pulley hub is fitted shall be at least equal to the width of the sheaf hub;

the distance between the centres of the pulleys (sheaves) shall be at least 1,5 times the diameter of the

the leng
unless o

to redud
bearing

g) pulleys s

7.3.4 For{

7.4 Moun

7.41
7411
7.41.2

7.41.3
mounted the

7414
plate or platg
vertical jacks
manner that
be taken to f
methods of |
as provision
equipment th
COrrosion res

7.41.5

king plates

Gengral

h of a shaft key used to mount a pulley shall be equal to the length of the pulley bore;
therwise agreed or specified, each pulley shall be mounted on a tapered adapter bushing;

e the moment on shafts due to belt tension, the pulley overhang distance,from the adj
shall be minimised;

hall meet the balance requirements of ISO 1940-1 or ASA S2.19, Grade 6.3.

Il exposed belts, guards meeting the requirements of 7.2.8 shall be‘supplied by the vendor.

[he type of mounting plate shall be specified by the purchaser.

Mounting plates shall comply with the requirements of 7.4.1.3 through 7.4.1.12.

eon shall be machined parallel. The'surface finish shall be 3,2 ym (125 pin) Ra or smoother

f a piece of equipment, excepfithe pump, has a mass in excess of 225 kg (500 Ib), the mot
s shall be supplied with horizontal (axial and lateral) jackscrews, the same size or larger thg

hey do not interfere with the installation of the equipment, jackscrews or shims. Precautions
fting equipment.ferthe removal or insertion of shims or for moving equipment horizontally,
for the use of “hydraulic jacks, may be proposed. Such arrangements should be propose
at is too heayy to be lifted or moved horizontally using jackscrews. Jackscrews shall be plat
istance.

Machinery supports shall be designed to limit the relative displacement of the shaft end ca

hcent

'he upper and, if specified, lower surfaces of mounting plates and any separate pedg¢stals

nting
n the

crews. The lugs holding\these jackscrews shall be attached to the mounting plates in slich a

shall

revent vertical jackscrews in the equipment feet from marring the shimming surfaces. Alterpative

such
d for
bd for

used
oads

by the worst

-éase combination of pressure, torque and allowable piping stress, to 50 ym (0,002 in). L

applied durin
piping loads)

7.4.1.6

g transportation and Installation shall not cause permanent deformation (See 6.6 for allowable

Unless otherwise specified, epoxy grout shall be used for mounting plates mounted on concrete

foundations. The vendor shall commercially sandblast, in accordance with ISO 8501-1 Grade Sa2 or
SSPC SP 6, all grout contact surfaces of the mounting plates and coat those surfaces with a primer
compatible with epoxy grout. Grouts other than epoxy may require alternative surface preparation.

7.41.7

7.41.8

a)

32

The anchor bolts shall not be used to fasten equipment to the mounting plates.

Mounting plates shall conform to the following.

Mounting plates shall not be drilled for equipment to be mounted by others.
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b) Mounting plates shall be supplied with levelling screws.

c) Outside corners of mounting plates which are in contact with the grout shall have 50 mm (2 in) minimum
radius outside corners (in the plan view).

d) All machinery mounting surfaces shall be treated with a rust preventive immediately after machining.
e) Mounting plates shall extend at least 25 mm (1 in) beyond the outer three sides of equipment feet.

f)  Mounting plates shall be machined to a finish of 6,3 um (250 pin) arithmetic average roughness (Ra) or
better.

7.4.119 Shims shall not be used under the pump. All pads for drive-train components shalkpe machined
to allpw for the installation of shims at least 3 mm (0,12 in) thick under each component. If the’vgndor mounts
the cpmponents, a set of stainless steel shims at least 3 mm (0,12 in) thick shall be supplied. Shif packs shall
not b thicker than 13 mm (0,5 in) nor contain more than 5 shims. All shim packs shallstraddle the hold-down
bolts[and vertical jackscrews, and extend at least 6 mm (1/4 in) beyond the outer edges of the equipment feet.
If the|]vendor does not mount the components, the pads shall not be drilled and shims shall not bg provided.

7.41110 Unless otherwise specified, anchor bolts shall be supplied by the“purchaser.

741111 Hold-down bolts used to attach the equipment to the maounting plates and all jackscfews shall be
supplied by the vendor.

7.41112 Equipment shall be designed for installation in accordance with APl RP 686.

7.4.2| Baseplate and skid

7.4.21 If a baseplate or skid is specified, the purchaser shall indicate the major equipment tg be mounted
on it.|A baseplate shall be a single fabricated steel unit, unless the purchaser and the vendor mutually agree
that if may be fabricated in multiple sections. *Multiple-section baseplates shall have machined and dowelled
mating surfaces which shall be bolted together to ensure accurate field reassembly.

NOTH A baseplate with a nominal length of more than 12 m (40 ft) or a nominal width of more thap 3,6 m (12 ft)
might|have to be fabricated in multiple_sections because of shipping restrictions.

7.4.2|12 If a baseplate or §kid is provided, it shall extend under the drive-train componentsg so that any
leakdge from these componénts is contained within the baseplate.

7.4.2|3 If specified;the baseplate or skid shall be designed to facilitate the use of optical, Igser-based or
other| instruments for jaccurate levelling in the field. The details of such facilities shall be agreed by the
purchaser and vendor. If the requirement is satisfied by the provisions of levelling pads and/or|targets, they
shall|be accessible with the baseplate or skid on the foundation and the equipment mountedl Removable
protefctive cavers shall be provided. For column-mounted baseplates or skids (see 7.4.2.4), levglling pads or
targets shall"be located close to the support points. For non-column-mounted baseplates, a pad or target
should(be 'located at each corner. If required for long units, additional pads shall be located at|intermediate
points:

74.2.4 If specified, the baseplate or skid shall be designed for column mounting (that is, of sufficient
rigidity to be supported at specified points) without continuous grouting under structural members. The
baseplate design shall be mutually agreed upon by the purchaser and the vendor.

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

74.2.6 The bottom of the baseplate between structural members shall be open. If the baseplate is

designed for grouting, it shall be provided with at least one grout hole having a clear area of at least 0,01 m2
(20 in2) and no dimension less than 75 mm (3 in) in each bulkhead section. These holes shall be located to
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permit grouting under all load-carrying structural members. Where practical, the holes shall be accessible for
grouting with the equipment installed. The holes shall have 13 mm (1/2 in) raised-lip edges, and if located in
an area where liquids could impinge on the exposed grout, metallic covers with a minimum thickness of
16 gauge shall be provided. Vent holes at least 13 mm (1/2 in) in diameter shall be provided at the highest
point in each bulkhead section of the baseplate.

7.4.2.7 The underside mounting surfaces of the baseplate shall be in one plane to permit use of a single-
level foundation. If multi-section baseplates are provided, the mounting pads shall be in one plane after the
baseplate sections are dowelled and bolted together.

7.4.2.8 Unless otherwise specified, non-skid metal decking covering all walk and work areas shall be

provided on the-tep-of-the-baseplate-erskid:

7.4.2.9 Al baseplate or skid equipment mounting surfaces shall comply with the following.
a) They shall be machined after the baseplate is fabricated.

b) Each mounting surface shall be machined within a flatness of 42 ym/m (0,000 5 in/ft).of mounting sUrface.
NOTE THis equates to a flatness of 1 in 24 000.

c) Differen{ mounting planes shall be parallel to each other within 50 um/m (0,000 6 in/ft).
7.4.2.10 Baseplates or skids shall be of the drain-rim or drain-pan)type and shall have a raised lip.
Connections|for a drain shall be tapped [DN 25 (NPS 1) minimum] in the raised lip at the pump end and| shall
be located fgr complete drainage. The pan or upper surface of the baseplate shall be sloped at least 1 in 120

toward the dfain end.

7.4.2.11 'he underside of fabricated baseplate decking located under the pump and driver supports|shall
be continuously welded to the cross members.

7.4.3 Soleplates and sub-soleplates
7.4.3.1 soleplates are specified, they shall meet the requirements of a) through c).

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

b) Soleplafes shall be large engugh to extend beyond the feet of the equipment in all directions and shgll be
designed such that the anchor bolts are not covered by machine feet. If specified, anchor bolt holes| shall
be counterbored so that the hold-down nuts do not extend beyond the upper surface of the soleplatel.

c) If sub-soleplates arefused (see 7.4.3.2), soleplates shall be fully machined top and bottom.
7.4.3.2 f specified, sub-soleplates shall be provided by the vendor. They shall be steel plates at|least

25 mm (1 in) thick. The finish of the sub-soleplates’ mating surfaces shall match that of the soleplated| (see
7.4.1.3).

7.5 Controls and instrumentation

7.5.1 General

Instrumentation and installation shall conform to ISO 10438 (all parts) and satisfy the hazardous conditions
identified by the purchaser.

NOTE For the purposes of this provision, API Std 614 is equivalent to ISO 10438.
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7.5.2 Control systems

7521 Flow control should not be achieved by throttling; it should be obtained by flow bypass or by
variation in pump speed, with or without supplemental bypass.

Control systems shall be in accordance with 7.5.2.2 through 7.5.2.6.

7.5.2.2 For a variable-speed drive, the control signal shall act to adjust the set point of the driver's speed-
control system. The speed of the machine shall vary linearly and directly with the control signal. Unless
otherwise specified, the control range shall be from the maximum continuous speed to 95 % of the minimum
speed required for any specified operating condition, or 70 % of the maximum continuous speed, whichever is

lower:

7.5.2|3 If specified, a combination of control modes shall be provided.

NOTH Typically, this is necessary on machines with a limited speed range, on multi~service of multi-stream
applidations.

7.5.2}4 The full range of the specified control signal shall correspond tothe required operating range of
the driven equipment. Unless otherwise specified, the maximum contrgl-signal shall correqpond to the
maximum continuous speed or the maximum flow.

7.5.2|5 If a direct-acting, constant-speed pump governor and-governor valve are specified, the system
shall pe supplied as follows.

a) Wnless otherwise specified, speed shall be adjustable by‘tmeans of a manual speed-changer,

b) Actuation of the control signal or failure of the signal* or actuator shall neither prevent the gpvernor from
llImiting the speed to the maximum permissible norprevent regulation with the manual speedichanger.
7.5.2|6 If a governor is not specified, the“motive-fluid throttle valve for pump speed control shall be

supplied by the purchaser.

7.5.3| Instrument and control panels

7.5.31 Unless otherwise specified, panels shall be made of steel plate at least 3 mm (1/8in) thick,
reinfgrced, self-supporting and closed on the top and sides. If specified, the backs of panels shall be closed to
minimise electrical hazards;to prevent tampering or to allow purging for safety or corrosion grotection. All
instryments shall be flush-mounted on the front of the panel and all fasteners shall be of corrogion-resistant
matefial.

7.5.3|12 Interconnecting piping, tubing or wiring for controls and instrumentation, supplied by the vendor,
shall pe disassembled only to the extent necessary for shipment.

7.5.4| Instrumentation

7.5.41 Speed indicator (frequency monitor)

A speed indicator (frequency monitor) shall be provided for variable-speed units. The type, range and indicator
provisions shall be as specified. Unless otherwise agreed, the speed indicator shall be supplied by the driver
vendor and shall have a minimum range of 0 % to 125 % of maximum continuous speed.

7.5.4.2 Temperature indicators

75421 Dial-type temperature indicators shall be heavy duty and corrosion-resistant. They shall be at
least 125 mm (5 in) diameter, bimetallic or liquid-filled type and, unless otherwise agreed, shall have black
marking on a white background.
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lines that might run partially full.

Thermowells

The sensing elements of temperature indicators shall be in the flowing fluid. This is particularly

Unless otherwise specified to suit the pumped liquid properties (such as in sour water services),

austenitic stainless steel, solid-bar thermowells shall be supplied for temperature sensing elements in
hazardous or flammable fluids or in pressurized or flooded line services.

7.5.4.3.2

Unless otherwise specified, the thermowells shall have a 25 mm (1 in) process connection. For

pressurized lines, this connection shall be flanged. For non-pressurized lines, this connection may be

threaded sub

7.54.4 Th

Where pract
replacement
detectors sh
located on th
7.5.4.5
Pressure ind

NOTE Fq

7.5.4.6

Direct solend

or better, andl shall have a continuous-service rating. Ifcrequired for other services, the solenoid shall ac

pilot valve to

7.54.7

7.5.4.71
with direct-a
pressure. Ru

7.5.4.7.2

size and set
size and set
supplies. Prg

failure and slall meetthe requirements of 6.4.5.

7.54.7.3

Pressure indicators

Solenoid valves

Pressure-limiting valves

JeCt 10 purchaser's acceptance. Ine thermowell internal connection shall be 1Ts mm (1/Z2'1n).

ermocouples and resistance temperature-detectors
cal, the design and location of thermocouples and resistance temperature-detectors shall

bll be installed as continuous leads between the thermocouple or detector and the terming
e equipment or the baseplate.

cators shall be in accordance with ISO 10438-1.

r the purposes of this provision, API Std 614 Chapter 1 is equivalent to ISO 10438-1.

id-operated valves shall be used only with clean, dry instrument-air, shall have Class F insu

pneumatic valves and hydraulically operated valves.

Pressure-limiting valves or pther protective devices shall always be used with power pumps
Cting pumps if the stall pressure or the ram pressure exceeds the maximum allowable wq
pture disks shall not be~used.

Pressure-limiting valves shall be in accordance with API Std 526. The vendor shall determin
pressure of all‘pressure-limiting valves within the vendor’s scope of supply and recommen
ing of pressure-limiting valves supplied by others required to protect the equipment the v
ssure-limiting valve sizes and settings shall take into account all possible modes of equig

ermit

while the unit is operating. The lead wires of thermocouples and resistance temperature-

| box

ation
as a

, and
rking

e the
d the
endor
ment

etted

nless otherwise specified to suit the liquid properties (such as in sour-water services), W

parts of pres

7.54.74
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cooling jackets that may be blocked in by isolation valves.

7.54.7.5

pump isolation valves.

7.54.8

Flow indicators

Flow indicators shall be in accordance with ISO 10438-1.

NOTE

36

For the purposes of this provision, APl Std 614 Chapter 1 is equivalent to ISO 10438-1.

If specified, thermal expansion pressure-limiting valves shall be provided for accessories or

Pressure-limiting valves provided for cylinder pressure shall discharge to a location outside of the
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7.5.5 Alarms and shutdowns

7.5.5.1
specified in 7.5.5.2 through 7.5.5.5.
NOTE For the purposes of this provision, API Std 614 is equivalent to ISO 10438 (all parts).

7.5.5.2
or, if required by the pumped liquid properties, a more suitable corrosion-resistant material.

Alarms and shutdowns shall be in accordance with the appropriate part of ISO 10438, except as

All alarm and trip materials in contact with the pumped liquids shall be austenitic stainless steel

7.5.5.3 The vendor shall advise the purchaser of any additional alarms and/or shutdowns considered
esseptiaHto-safeguard-the-equipment

7.5.5|4 If specified, the alarm/shutdown system shall incorporate an event recorder to fecord the order of
occufrence of alarms and shutdowns.

NOTH The special event recorder normally associated with a distributed control system (DCS) might not have a
sufficiently fast scanning rate.

7.5.5|5 Temperatures shall be measured by thermocouples or resistance temperature—ietectors, as
specified, and shall be connected to local panel-mounted instruments. Multipoint instruments may be used,
except that alarms and shutdowns shall be connected to separate ‘instruments and separate alarm or
shutqown contacts (switches) shall be provided for each temperaturé. monitored. Each alarm ahd shutdown
levelshall be separately adjustable.

7.5.6] Electrical systems

7.5.6{1 Electrical systems shall be in accordance ‘with the appropriate part of 1ISO 1043B, except as
specified in 7.5.6.2.

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

7.5.6{2 Wiring for electrical power _shall be segregated from instrument and control-signal wiring, both
outsifle enclosures and, as far as possible, inside enclosures. Enclosures which may be required to be
opengd with the equipment in operation, for example for alarm testing or adjustment, shall be provided with
secondary shields or covers for-all*terminal strips and other exposed parts carrying electrical|potentials in
exces$s of 50 V. Maintenance access space shall be provided around or adjacent to electrical equipment or in
accordance with the appropriate’code, such as NFPA 70:2002, Article 110.

7.6 | Auxiliary piping

7.6.1| Auxiliaryypiping, oil piping, instrument piping and process piping shall be in accordance with the
appropriate patrt of ISO 10438, except as modified in 7.6.2.

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

7.6.2 Auxiliary systems are piping systems that include the services lisied in Table 8.
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Table 8 — Piping system services

Group |
1) Gland and flushing fluid.
2) Fuel gas or oil.

3) Process-side drains and vents.

Group |l

1) Sealing steam.
2) Starting air.

7.6.3 Pipe|plugs shall be in accordance with 6.5.10 for permanent plugs or 8.4.3 f) for shipping plugs.

3) Instrument and control air.

4) Drains and vents associated with above systems.

Group Il

1) Cooling water.

2) Drains and vents associated with above systems.

Group IV
1) Lubricating oil.
2) Control oil.
3) OQil-system drains and vents.

NOTE Cylinder connections are specified in 6.5.

7.7 Pulsation and vibration control requirements

7.7.1 Gengdral

7711 ['he interaction of the dynamic flow generated by the pump plungers (pistons or diaphragms|) with
acoustical resonances in piping systems can result in high-pressure pulsation levels in the pump and pjping,
cavitation, excessive vibrations and failures. Pump cavitation caused by low NPIP can also result in |high-
pressure pulgations. Annex E descfibes pump system interaction and explains the differences between [NPIP

and NPSH. The pulsation characteristics of a piping system depend on factors such as the following:

a) complexjty of the systemn layout;

b) number pf pumps;

c) operating speeds;

d) liquid properties;

e) pump type;

f)  pump size (power);

g) number of plungers;

h) system operational conditions;

i) piping layout.

38
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7.71.2 Ideally, detrimental pulsations should be avoided by ensuring sufficient flow rate and NPIP (see
Annex E). Piping lengths that might resonate at the pump pulsing frequency should also be avoided.
7.71.3 If detrimental pulsations and vibrations cannot be avoided by 7.7.1.2 or other methods, the basic
techniques used for their control are the following:
a) pulsation control devices, such as dampeners, accumulators, dampers, preventers, hydraulic isolators,
inhibitors, suppressors, stabilisers, acoustic filters and selected piping configurations;
b) system design based on studies of the interactive effects of pulsations and the attenuation requirements
for satisfactory piping vibration, pump performance and valve life;
c) rLechanicaI restraints, including such things as type, location and number of pipe hold-downs;
d) good piping layout and design practice, which comprises the following:
1) maintaining near-ground-level routing of piping if possible, to facilitate ‘effective (rglatively stiff)
restraints;
2) minimising the number of direction changes (e.g. elbows) to «reduce the potential |for coupling
pulsations into a mechanical shaking force;
3) use of adequate dynamic restraints on pulsation-suppression devices to ensure vibration control of
these devices;
4) use of sufficient number of piping restraints (clamp. spacing) and proper restraint design. Clamps are
preferred to U-bolts; mass-only type supports should be avoided.
NOTEH Normally, control of system pulsation, cavitation and vibration needs coordination betwden the pump
manufacturer and the piping system designer in order to\ensure that the system pulsation and vibration chafacteristics are
suitalle for the intended purpose.
7.7.2| Selection and scope of design analysis methods
The purchaser shall specify if design ‘analysis for pulsation and vibration control is required and,, if so, which
methpd to follow (see Annex C)iThe purchaser shall also indicate whether existing pumps and their
assogiated piping are to be included in the analysis.

When deciding which analysis method to be used, the purchaser should consider such things as

econ
insta

7.8

7.8.1
be in

bmics, piping layout,“reliability, documentation requirements, and experience with simila
lations.

Specialtools

If special tools or fixtures are required to disassemble, assemble or maintain the equipme
cluded in the quotation and supplied as part of the initial supply of the equipment. For

horsepower,
pumps and

nt, they shall
multiple-unit

insta

ations, the requirements 10r quantities or special T00Is and TIXtures shall be agreed betwe

en purchaser

and vendor. These, or similar special tools, shall be used and their use demonstrated during shop assembly
and any required post-test disassembly of the equipment.

7.8.2

© IS0

If special tools are provided, they shall be firmly attached to the pump or packaged in a separate,
rugged metal box or boxes and shall be marked “Special tools for (tag/item number).” Each tool shall be
stamped or tagged to indicate its intended use.
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8

8.1
8.11

8.1.2

Inspection, testing and preparation for shipment

General

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

If specified, the purchaser's representative, the vendor's representative, or both, shall indicate

compliance in accordance with an inspector’s checklist, such as that provided in Annex F, by initialling, dating
and submitting the completed checklist to the purchaser before shipment.

8.1.3 After advance naotification to the vendor, the purchaser’s representative shall have entry to all vendor

and subvend

or plants where manufacturing, testing, or inspection of the equipment is in progress.

inate

erved

test.

y the

or as

8.1.4 The jendor shall notify subvendors of the purchaser’s inspection and testing requirements)

8.1.5 If shpp inspection and testing have been specified, the purchaser and the vendet shall coorg

manufacturinlg hold-points and inspectors’ visits.

8.1.6 The [purchaser shall specify the amount of advance notification required for-witnessed or obs

inspections gr tests.

8.1.7 A wilnessed performance test requires confirmation of the successful’\Completion of a preliminary

8.1.8 Equipment, materials and utilities for the specified inspections and tests shall be provided b

vendor.

8.1.9 The purchaser’s representative shall have access to the«vendor’'s quality programme for review.

8.2 Inspecttion

8.2.1 Gengral

8.21.1 [ 'he vendor shall keep the followingdata available for at least 20 years:

a) necessary or specified certification of materials, such as mill test reports;

b) test datd and results to verify thatithe-requirements of the specification have been met;

c) fully identified records of all heat' treatment whether performed in the normal course of manufacture
part of a|repair procedure;

d) results df quality control.tests and inspections;

e) details of all repaits;

f)

9)

8.21.2 Pressure-containing parts shall not be painted until the specified inspection and testing of the

parts is complete.

8.2.1.3
a)

b)

In addition to the requirements of 6.11.4.1, the purchaser may specify the following:

parts that shall be subjected to surface and subsurface examination;

examinations.

8.21.4
inspection.

40

the type of examination required, such as magnetic-particle, liquid-penetrant, radiographic and ultrasonic

All running tests and mechanical checks shall be completed prior to the purchaser’s final
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Materials inspection

NDE shall be performed as required by the material specification. If additional radiographic, ultrasonic,
magnetic-particle or liquid-penetrant examination of the welds or materials is specified by the purchaser, the
methods and acceptance criteria shall be in accordance with the standards shown in Table 9. Alternative
standards may be proposed by the vendor or specified by the purchaser. The data sheets in Annex D may be

used

for this purpose.

Table 9 — Materials inspection standards

Type of inspection Methods Acceptance criteria
Forfabrications Forcastings
Radiography Section V, Articles 2 and 22 of | Section VIII , Division 1, UW- Section\V|ll,|Division 1,
the ASME Code 51 (for 100 % radiography) Appendix|7 of the
and UW-52 (for spot ASME [Code
radiography) of the ASME
Code
Ultrasonic inspection Section V, Articles 5 and 23 of Section VIII, Division #; Section VIII,|Division 1,
the ASME Code Appendix 12, of the ASME Appendix 7, qf the ASME
Code Codle
Magnetic particle Section V, Articles 7 and 25 of Section VIl Division 1, Section VIII,|Division 1,
inspection the ASME Code Appendix 6 ofithe ASME Appendix 7, qf the ASME
Code Code
Liquigl penetrant inspection | Section V, Articles 6 and 24 of Section' VIII, Division 1, Section VIII,|Division 1,
the ASME Code Appendix 8 of the ASME Appendix 7, qf the ASME
Code Code
NOTH "ASME Code" means the ASME Boiler and Pressure Vessel Code.
8.2.3] Mechanical inspection
8.2.311 During assembly of the equipmient, each component, (including integrally cast-in pgssages) and

all piping and auxiliaries shall be inspected to ensure they have been cleaned and are free of fore

corro|
8.2.3
NOTH
823
clean

finally

8.2.3
the 4

sion products and mill scale.

2 All oil system components supplied shall meet the cleanliness requirements of ISO 1
For the purposes-of this provision, API Std 614 is equivalent to ISO 10438-3.

3 If spegified, the purchaser may inspect the equipment and all piping and appur

ign materials,

D438-3.

tenances for

mutu

8.3

8.3.1

8.3.1.

8.3.1.

liness before heads are welded onto vessels, openings in vessels or exchangers are closed, or piping is
assembled!
4 If specified, the hardness of parts, welds and heat-affected zones shall be verified ag being within
llowable values by testing. The method, extent, documentation and witnessing of the tegting shall be
fly agreed upon by the purchaser and the vendor-
Testing
General
1 Equipment shall be tested in accordance with 8.3.2 and either 8.3.3 or 8.3.4 as appropriate.

2 If specified, the vendor shall submit to the purchaser, for his review and comm

ent, detailed

procedures and acceptance criteria for all specified tests. The time period between submittal of the documents
and the running test shall be at least 6 weeks, or 25 % of the lead time for the test, whichever is shorter.

© IS0
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8.3.2 Hydrostatic test

8.3.21 Pressure-containing parts (including auxiliaries) shall be tested hydrostatically with liquid at a
minimum of 1,5 times the maximum allowable working pressure but not less than a gauge pressure of
150 kPa (1,5 bar) (20 psi). The test liquid shall be at a higher temperature than the nil-ductility transition
temperature of the material being tested.

NOTE The nil-ductility transition temperature is the highest temperature at which a material experiences complete
brittle fracture without appreciable plastic deformation.

8.3.2.2 If the part tested is to operate at a temperature at which the strength of a material is below the
strength of that material at the testing temperature, the hydrostatic test pressure shall be multiplied by a factor
obtained by (dividing the allowable working stress for the material at the testing temperature by that _at the

rated operati
the stress st
which the hy
data sheets.

Applicability
properties of

NOTE Fq

8.3.2.3
designed. In
International

8.3.2.4
50 mg/kg (p

evaporative drying, all residual liquid shall be removed fromtested parts at the conclusion of the test.

hg temperature. The stress value used shall be determined in accordance with 6.4.2. For'p|
all conform to ISO 15649. The pressure thus obtained shall then be the minimumpresst
drostatic test shall be performed. The vendor shall list actual hydrostatic test préssures o

of this requirement to the material being tested should be verified before hydrotest, a
many grades of steel do not change appreciably at temperatures up t0,200°°C (400 °F).

r the purposes of this provision, ASME B31.3 is equivalent to ISO 15649.

f applicable, tests shall be in accordance with the code or standard to which the part has
the event that a discrepancy exists between the code test pressure and the test pressure i
Standard, the higher pressure shall govern.

['he chloride content of liquids used to test austenitic~stainless steel materials shall not e
bm by mass). To prevent deposition of chlorides on austenitic stainless steel as a res

NOTE C

8.3.2.5

loride content is limited in order to prevent stre§s-corrosion cracking.

ests shall be maintained for a sufficient period of time to permit complete examination of

ping,
re at
n the

5 the

been

h this

ceed

ult of

parts
h the

under pressyre. The hydrostatic test shall be considered satisfactory if neither leaks nor seepage throug
fluid cylinder] or cylinder joint are observed.for at least 30 min. Large, heavy pressure-containing parts
require a lorlger testing period to be agreed upon by the purchaser and the vendor. Seepage past st
boxes or internal closures required for/testing of segmented cylinders and operation of a test pump to ma

may
Liffing
ntain

pressure is
shall be of th

8.3.2.6
(10 bar) (15

8.3.3 Perf

ceptable. Gaskets used during the hydrostatic testing of the assembled pressure-containin
same design as those“supplied with the pump.

Il water-side_cooling passages shall be tested at a minimum gauge pressure of 1 00
psi).

rmance-test for direct-acting pump

) part

) kPa

data, including speed, discharge pressure, suction pressure, power, and capacity.

8.3.3.2

and 125 % of the rated speed.

The pump shall be operated at speeds within five percentage points of 25 %, 50 %, 75 %, 100 %,

8.3.3.3 The pump shall be operated at pressures as near the rated pressures as permitted by the test
facility.
8.3.34 During the shop tests, the pump shall operate smoothly over the specified operating range,

except when

8.3.3.5

42

running under cavitating conditions during the NPSH test.

At rated speed, the pump power shall not exceed the quoted power.
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8.3.4 Performance test for power pump

8.3.4.1 Unless otherwise specified, tests shall be conducted in accordance with HI 6.6 (see Clause 2).
The manufacturer shall operate the pump in his shop for a sufficient period to obtain complete test data,
including speed, discharge pressure, suction pressure, power, and capacity.

8.3.4.2 The tests specified in 8.3.4.1 apply to the pump only, and the values of power are to be taken as
referring to the pump. However, the recorded data and final report may include information on the complete
unit, including driver and auxiliary equipment. Test measurements relating to the driver and auxiliary
equipment shall be agreed between purchaser and manufacturer.

8.3.4 he-test-facility-doesnot-have-the-capability-to-meet-therated-conditionstweo

one at the specified discharge pressure with reduced speed and the other at rated spe
discharge pressure. The purchaser and the vendor shall agree to the test methods and theit limitations prior to
performing the tests.

8.3.4{4 If dismantling is necessary to correct pump deficiencies, the pump characteristics affected by the
correction shall be re-established by testing.

8.3.5| Test tolerances

Unlegs otherwise agreed or specified, when operated on the test stafd, pumps shall be within the tolerances
of thg rated characteristics or the test equivalent as given in Table 10,

Table 10 — Test tolerances

Characteristic Tolerance (%)
Power pump Direct-acting pump
Rated capacity +8 +8
Rated power (at rated pressure +4 —
and capacity)
NPIPR/NPSHR <0 <0

8.3.6| NPIP/NPSH test

For the NPIP test, a trace’ (plot) of the inlet pressure shall be made just upstream of any dgvice used to
imprgve inlet flow (e:g+“a stabiliser) and compared with the vapour pressure of the pumped|liquid at the
maximum allowable-temperature. The NPIP test result shall be considered acceptable if there arg no pressure
spikgs with a_peak instantaneous value greater than 3times the mean inlet pressure norf a minimum
instaptaneous.value less than 110 % of the above vapour pressure.

If specified, the pump shall be tested for NPSH. At rated speed and with NPSHA equal to quoted NPSHR, the
pump_capacity shall be within 3 % of the nominal capacity.

WARNING — The pump shall not be run while cavitating.

8.4 Preparation for shipment

8.4.1 Equipment shall be prepared for the type of shipment specified. Unless otherwise agreed, the
preparation shall make the equipment suitable for 6 months of outdoor storage from the time of shipment, with
no disassembly required before installation, except for inspection of bearings and seals. If storage for a longer
period is contemplated, the purchaser shall consult with the vendor regarding the recommended procedures
to be followed.
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Removal of the inhibitor and periodic very slow rotation of the pump shaft, to ease seal and bearing movement,
shall be the responsibility of the purchaser.

8.4.2 The vendor shall provide the purchaser with the instructions necessary to preserve the integrity of the
storage preparation after the equipment arrives at the job site and before start-up, which should be in
accordance with APl RP 686.

8.4.3 The equipment shall be prepared for shipment after all testing and inspection have been completed.
The preparation shall include that specified in a) through j).

a) Except for machined surfaces, all exterior surfaces that might corrode during shipment, storage or in
service, shalt-be-given-atieastone-coat-of the-manufacturers-standard-paint—he-paint-shal-reteqntain

lead or ghromates.

b) Exteriormachined surfaces, except for corrosion-resistant material, shall be coated with a rust|preveptive.
c) The intefior of the equipment shall be
1) cledn,
2) freg from scale, welding spatter and foreign objects,

3) except for corrosion-resistant material, sprayed or flushed with a rast ‘preventive that can be removed
with solvent.

d) Internal purfaces of bearing housings and carbon steel oil systenis’ components shall be coated with an
oil-solublle rust preventive that is compatible with the lubricating-oil.

e) Flanged| openings shall be provided with metal closures at least 5 mm (3/16 in) thick with elastomeric
gaskets|and at least four full-diameter bolts. For studded openings, all nuts needed for the intgnded
service phall be used to secure closures. Each.Qpening shall be sealed so that the protective fover
cannot he removed without the seal being broken.(“car-sealed”).

f) Threaded openings shall be provided with.steel caps or round-head steel plugs. In no case shall| non-
metallic [such as plastic) caps or plugstbe used.

NOTE These are shipping plugs; permaneént plugs are covered in 6.5.10.

g) Lifting points and lifting lugs-shall be clearly identified on the equipment or equipment package| The
recommegnded lifting arrangement shall be described in the installation manual.

h) The eqyipment shall*be identified with item and serial numbers. Material shipped separately shall be
identified with securély affixed, corrosion-resistant metal tags indicating the item and serial number ¢f the
equipmant for which it is intended. Crated equipment shall be shipped with duplicate packing lists, one
inside amd one’on the outside of the shipping container.

1 baft =l IH £i4 ball -l 4 ol H N H o H £a11 ol
I) EXpOSGC shafts—and—couptingfit-areas—shalt-beprotected-with—a—corroston-barrterfoltowed-by-a—separate

barrier material to protect against incidental mechanical damage.

j) Loose components shall be dipped in wax or placed in plastic bags and contained by cardboard boxes.
Loose boxes shall be securely blocked in the shipping container.

8.4.4 Auxiliary piping connections supplied on the purchased equipment shall be impression-stamped or
permanently tagged to agree with the vendor’s connection table or general arrangement drawing. Service and
connection designations shall be indicated.

8.4.5 Bearing assemblies shall be fully protected from the entry of moisture and dirt. If vapour-phase-

inhibitor crystals in bags are installed in large cavities to absorb moisture, the bags shall be attached in an
accessible area for ease of removal. Where applicable, bags shall be installed in wire cages attached to
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flanged covers, and bag locations shall be indicated by corrosion-resistant tags attached with stainless steel
wire.

8.4.6 One copy of the manufacturer's installation instructions shall be packed and shipped with the
equipment.

8.4.7 Connections on auxiliary piping, removed for shipment, shall be matchmarked for ease of reassembly.

8.4.8 If specified, the fit-up and assembly of machine-mounted piping, intercoolers, etc. shall be completed
in the vendor’s shop prior to shipment.

9 Vendor’s data

9.1 | General
9.1.1] The information to be supplied by the vendor shall be as specified in 9.2 and9.3 (see Annpex B).

9.1.2 The data shall be annotated on transmittal (cover) letters, title pages, and in title blqcks or other
promjnent position on drawings, with the following information:

a) purchaser’s/owner’s corporate name;

b) jpb/project number;

c) equipmentitem number and service name;

d) enquiry or purchase order number;

e) any other identification specified in the enquiry or purchase order;

f) endor’s identifying proposal number;‘shop order number, serial number, or other reference required to
¢ompletely identify return correspohdence.

9.1.3| A coordination meeting shall be held, preferably at the vendor’s plant, within 4 to 6 weeks after order
comritment. Unless otherwise ‘specified, the vendor shall prepare and distribute an agenda| prior to this
meet|ng, which, as a minimum,-shall include a review of the following items:
a) purchase order, seopé& of supply, unit responsibility, subvendor items and lines of communicdtions;
b) data sheets;

c) applicable.specifications and previously agreed exceptions;

d) schedules for the transmittal of data, production and testing;

e) quality assurance programme and procedures;
f) inspecting, expediting, and testing;
g) schematics and bills of material for auxiliary systems;

h) physical orientation of the equipment, piping and auxiliary systems, including access for operation and
maintenance;

i) coupling selection and rating;
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)

equipment performance, alternative operating conditions, start-up, shutdown and any operating

limitations;
k) scope and details of any pulsation or vibration analysis;
I) instrumentation and controls;
m) identification of design reviews;
n) inspection, related acceptance criteria and testing;
0) expeditimg;
p) other teghnical items.
9.2 Propgsals
9.21 Gengdral

The vendor {
in the enquir
and a specif
with this Int
accordance,
sufficient def
shall be clea

9.2.2 Drawings

9.2.2.1

Annex B) shall be included in the proposal. As a minimum, the following shall be included:

schemaltics of all auxiliary,systems, including fuel, lube oil, control and electrical systems. Bills of ma

hall forward the original proposal, with the specified number of copies, to the addressee spe
documents. The proposal shall include, as a minimum, the data specified in 9.2.2 through
c statement that the equipment and all its components and ,auxiliaries are in strict accord
prnational Standard. If the equipment or any of its compohents or auxiliaries is not in
the vendor shall include a list that details and explains each ‘deviation. The vendor shall pr
ail to enable the purchaser to evaluate any proposed<alternative designs. All correspond
ly identified in accordance with 9.1.2.

he drawings indicated on the vendor drawing and data requirements (VDDR) form

bl arrangement or outline drawing for each machine train or skid-mounted package, sh
imensions, maintenance clearance dimensions, overall masses, erection masses, and the |3
ance mass for each item. The-direction of rotation and the size and location of major purc|
ons shall also be indicated;

ctional drawings showing the details of the proposed equipment;

included, if available;

that show methods of lifting the assembled machine or machines, packages, and
bnts, and auxiliaries. [This information may be included on the drawings specified in ite

cified
D.2.4,
ance
strict
pvide
ence

(see

bwing
rgest
haser

terial

major
m a)

a) a gener
overall d
mainten
connect

b) cross-se

c)
shall be

d) sketches
compon
above.]

9.2.2.2

the mass and dimension data to reflect the actual equipment and scope proposed.

9.2.3 Tech

nical data

The following data shall be included in the proposal:

a)

describe details of the offering;

b)

46

predicted noise data (6.1.5);

If “typical” drawings, schematics, and bills of material are used, they shall be marked up to show

purchaser's data sheets with complete vendor’s information entered thereon, and literature to fully
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c) vendor drawing and data requirements (VDDR) form (see Annex B), indicating the schedule according to
which the vendor agrees to transmit all the data specified,;

d) schedule for shipment of the equipment, in weeks after receipt of an order;

e) list of major wearing components, showing any interchangeability with the owner’s existing machines;

f) list of spare parts recommended for start-up and normal maintenance purposes;

g) list of the special tools supplied for maintenance;

= peration and

eriods of idleness, under the site conditions specified on the data sheets. This description] shall clearly
indicate the protection to be supplied by the purchaser, as well as that included in the vendpr’'s scope of

gupply;

i) ¢omplete tabulation of utility requirements, e.g. steam, water, electricity, air,,gas, lube oil (including the
quantity and supply pressure of the oil required, and the heat load to be removed by the|oil), and the
mameplate power rating and operating power requirements of auxiliary drivers. Approximate [data shall be
¢learly indicated as such;

j)  description of any optional or additional tests and inspection procedures for materials ag required by
6$.11.1.4;

k) description of any special requirements, whether specified~in the purchaser’'s enquiry or gs outlined in
%.1.6,6.3.5,6.3.6,6.3.7,6.8.6,6.11.1.2 and 6.11.1.4;

[) st of machines, similar to the proposed maching(s), that have been installed and are opg¢rating under
¢onditions analogous to those specified in the enquiry;

m) any start-up, shutdown, or operating restrictions required to protect the integrity of the equipment;

n) llst of any components that can be construed as being of alternative design, hence requiring purchaser’s
acceptance.

9.2.4 Performance envelope

The yendor shall provide full déetails of the performance envelope of the equipment offered, with ahy limitations
indicated.

9.2.5( Optional tests

The yendor shall supply an outline of the procedures to be used for each of the special or optiohal tests that
have|beenispecified by the purchaser or proposed by the vendor.

data

9.3 Contractdata

9.3.1 General

9.3.1.1 Contract data shall be supplied by the vendor in accordance with the agreed VDDR form (see
Annex B).

9.3.1.2 Each drawing shall have a title block in the lower right-hand corner with the date of certification,

identification data specified in 9.1.2, revision number, and date and title. Similar information shall be provided
on all other documents, including subvendor items.

9.31.3 The purchaser shall promptly review the vendor’s data upon receipt; however, this review shall
not constitute permission to deviate from any requirements in the order unless specifically agreed upon in
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writing. After the data have been reviewed and accepted, the vendor shall supply certified copies in the
quantities specified.

9.3.1.4

A complete list of vendor data shall be included with the first issue of major drawings. This list

shall contain titles, drawing numbers, and a schedule for transmittal of each item listed. This list shall cross-
reference data with respect to the VDDR form (see Annex B).

9.3.2 Drawings and technical data

The drawings and data supplied by the vendor shall contain sufficient information so that together with the
manuals specified in 9.3.5, the purchaser can properly install, operate, and maintain the equipment covered

by the purch
if reduced frg
(VDDR), see

9.3.3 Prog
The vendor {

NOTE S¢

BSE order. All contract drawings and data shall be clearly legible (8-point minimum font Size
m a larger size drawing), and shall cover the scope of the vendor drawing and data requirer
Annex B.

ress reports
hall submit progress reports to the purchaser at intervals specified.

e the VDDR form (Annex B).

9.3.4 Partg lists and recommended spares

9.3.4.1

lists shall inc
applicable In
sectional, ag
identified as
performance
identified by

9.34.2

recommendsg
should inclug
original prop

9.3.5

9.3.5.1

The vendor {

['he vendor shall submit complete parts lists for all equipment and accessories supplied. T
ude part names, manufacturers’ unique part numbers, and materials of construction (identifi
fernational Standards). Each part shall be completely(dentified and shown on appropriate ¢
sembly-type cutaway or exploded-view isometric.>drawings. Interchangeable parts shg
such. Parts that have been modified from standard dimensions or finish to satisfy sp
requirements shall be uniquely identified by part number. Standard purchased items sh
he original manufacturer's name and part pumber.

'he vendor shall indicate on each(of these complete parts lists all those parts tha
d as start-up or maintenance spares; and the recommended stocking quantities of each. T
e subvendors' spare parts recommendations that were not available for inclusion in the ver
psal.

Installation, operation, maintenance and technical data manuals

Géneral

hall provide-sufficient written instructions and all necessary drawings to enable the purcha

install, operdte and niaintain all of the equipment covered by the purchase order. This information sh

compiled in
complete lis

of{the enclosed drawings by title and drawing number. The manual(s) shall be pre

even
nents

hese
ed by
ross-
Il be
ecific
il be

L are
hese
dor’s

ber to
Bll be

b manual(s) with a cover sheet giving the information listed in 9.1.2, a table of contents, and a

bared

specifically fq

rithe equipment covered by the purchase order. “Typical” manuals are unacceptable.

9.3.5.2

Installation manual

All information required for the proper installation of the equipment shall be compiled in a manual that shall be
issued no later than the time of issue of the final certified drawings. For this reason, it may be separate from
the operating and maintenance instructions. This manual shall contain information on alignment and grouting
procedures, normal and maximum utility requirements, centres of mass, rigging provisions and procedures,
and all other installation data. All drawings and data specified in 9.2.2 and 9.2.3 that are pertinent to proper
installation shall be included as part of this manual. See the VDDR form (Annex B).
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9.3.5.3  Operating and maintenance manual

A manual containing all required operating and maintenance instructions shall be supplied not later than
2 weeks after all specified tests have been successfully completed. In addition to covering operation at all
specified process conditions, this manual shall also contain separate sections covering operation under any
specified extreme environmental conditions. See the VDDR form (Annex B).

9.3.5.4 Technical data manual

If specified, the vendor shall provide the purchaser with a technical data manual within 30 days of completion
of shop testing. See the VDDR form (Annex B).
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2004(E)

Annex A
(informative)

Pump material specifications

Table A.1 may be used for guidance regarding materials specifications. If this table is 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 A.1 lists corresponding materials according to International (ISO), American, European
and Japanege standards which may be acceptable. These materials represent family/type and grade
The final required condition or hardness level (where appropriate) is not specified. These materials.mig

be interchan

50

jeable for all applications.

only.
ht not

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

1S pantesal spybU 1Y — £00Z OSI ®

(A7 )% HO GG€ d
1810°L HO G6¢ d ¢-8¢001}
9990°L LIN GSE€ d 00.20M NL GS€ TdNL SSE d
d00¥INS 9 ‘90L€ © 2990°L N GS€ d €-82¢001} /€020 04/S919 918V ‘v-82€6 aje|d
0S¥S 10 ‘1S0V © L8YL'L 36€0 69201 20070 HZ 19 ¥61 V 8deD-1-€89| (lesousb) sinN
(jesauab)
LANS ‘¢ sse|D ‘20L¥ O Gecal') ¥ OW 1D ¢V 69201} (V0i4dA49] /919 €6l V 1§4-¢-/C€6 | sSpnis pue sjjog
¥-12€6
‘LEHd-9ZHq - 2-12€6 |eJausg
OG¥S 1D ‘1S0Y © €090°L S O ¢-€8001 0S¥0LD Sv0L 19 9.9V 9G6#0-81-€89 )003s leg
¥-12€6 199)s uogie)
‘LEHd-9ZHH ‘C-12c6 ainssald
0G62S 10 ‘LS0v © 18#0°L HO 662 d €220l 00209 o919 969 V ‘Ge|0-81-€89 0018 Jeg
¥-12€6
‘L€Hd-92Hd - 2-/2€6 sbuibioy
V2 ON4S 1D 202€ © 9Zno’L HD 082 d [ A4 905E0M Z Sse|Q 99¢ v ‘Gq0-81-€89 AUBNOIA
8€qS’L 7LIN6D e-€lLeol ossier €019 2Ge vV 140 ‘L66Y
. . . sbunseo
9€9G°L 0LIN6D €-€lcol 00sce r ¢o014i9 gse v ec3agyo Le6y aimesadwe)
[447 *N" SONBLD e-€leol €00£0 I 40149 2Ge v 19S-420 ‘L66Y -MO7
sbunseo
ZHJOS 10 ‘I1S1S D 6190°L H9 0¥¢ dO ¢€leol coogcor gOMID 91l Vv HVSY-ECO L6617 ainssald
Z-0ZIOINX-YSIro-N3 Gesel 000€t Z-aedhL 6ev vV Z 02 JOIN-S ‘2682
C-9-GLIDNDINX-VIrO-N3 gesel 000}v4d L 8dAl 9ey V| €9 G1L 1ONDIN-T ‘2682 | sbunseo |epeds 1Sisal-IN
sbunseo
ocoisr 81-00¥-SMrO-N3 €961 008zed 81-0%-0949 9€S V 81-pov ‘€801 lessueg [ uodl 8|3oNQg
00€ 04 ‘L0SS O osofr 00€-1ro-N3 Lolcld sbunseo
0S¢ 04 ‘L0SS © ovolar 0S2-1ro-N3 1961 /104114 0t/0€/ST Sseld 8’y 00% 1O /8L |eJsus
sbunseo
00€ 04 ‘L0SS O ovolar 0S2-1ro-N3 19G1L LoveLd 0€ sse|D 8.2 v 0S¥ 1O /81 ainssald uollrised
sir JaquinN sweN qN3 e SNN LSV oSl ssejo
ueder adoing vsSn _m:o_uwc.ﬂ«:_ suonesiddy leuaje N

sued dwnd a0y suoljesyidoads sjedle|y — LV d|gel

(3)ro0z:0LLEL OSI


https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

pantesal sybu |1 — 002 0S| © rd*
S00p°L €l $90)0Z X 0091¥S 9l ©dAl 285 v
Zrozy 1o So0p L €l S 40 0Z X 009L¥S gy edhl ¢/v v 5 sBuibio4
LrOZY SNS 19 ‘€0EY O Lzay L €L 10 0ZX €-88001 0002¥ S ozy 8dhl1 9z v 00)s Jeg
oY [EIVED)
10 0Ly SNS 19 ‘€0EY O 900"} €LiozL X £-88001 oovLYS Olyedhl1 9z v 00)s Jeg
cov alnssald
10 0Ly SNS 19 ‘€0EY O 900"} €LI0 ZIX 2420 000LYS Oly 8dhl 6% v 00)s Jeg
IZIEIELS)
:sBuibioy
V-0L¥ 4 SNS 19 ‘v12€ O 900’ L €L ZL X €-88001 000L¥S oLy edhL ey v AUBNOIA
alnssaid [EEIS]
AN 94 SNS 1D ‘v12€ O cLgy L L-b-€1 ONIN 40 € X G-2220l 00S1¥S WN9 41928l V :sbuibioy | wniwosyd
V-0Ly 4 SNS 19D ‘¥IL2Ee O 900 | eLI0 ZIX ¥-05201 000)S L1DB94 1D Z8L V AYBnoIp %2l
JA%: €L INJO ¥ XO €820l ovGLer NOVO 19 v/ ¥ sBunseD
LayL ZLIDZL XD €820l ogLL6er SLVOIO eV [IENED)
9S80S 10 L2LS O JAR: €L INJO ¥ XO z-€1zol ovSLer WNOVO 19 /8Y ¥ sBunseo
L SOSID 12159 0L ZLINID 8 XD z-€1zol 0sLier TR RO WARAY ainssaid
JS¥S 1D ‘1S0Y © L6 L 3570 69201 Z00¥0M HZ 1D $61 V 144-2-12¢6 SINN
LANS ‘2 SSe|D ‘L0Ly © szl ¥ O 1D Z¥ 69201 (0]0]48%3) 1919861 V Spnjs pue sjog [oo)s
g sseiD vEv Y ovivISiv
Oty WOS 1D ‘S0LY © szl ¥ ON 1D Z¥ 1-€8001 » 007L¥D g9 sse|D vev v 00}s Jeg
g20N4S
‘VZ OA4S 1D ‘20Z€ ©
06ZS 1D ‘150 © Y0GEOM S0L vV sbunyiy
0L¥/02€ GgHd-9ZHd ("yuo2)
1d1S 9 ‘96¥€ O 6Sv0T VO Save |1 1=80cU1 [S10]0140)7 | a1 YUL VvV ‘C-62£6 mVQ_.n_ |98}s uoqie)d
sir JaquinN aweN qN3 e SNN NLSY osl ssepd
ueder adoiung vsn |euonjeusaju| suonesiddy |eu9)e N

(ponupuoo) — 'y alqeL

(3)vo0z:0L2€L OSI



https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

¢G pansesal siybu |1V — #00Z OSI @
d179L€/d11v0e €091ES 19L€| ‘€L-LLONINIJZX ‘v-62€6
SNS 9 ‘65¥E O €0v0ES 10€ ‘0L-8LINIJeX ‘v-62€6
adhL zle v adid
191€¥0€ yoHy'L C-CL-H O IN 1D 2X /-82001 €091€S 191L¢e
SNS 19 ‘GOEV/YOEY O 909l LI=6}IN 4D ¢X /-82001 €0v0ES / ¥0€ 1D 0¥Z V¥ sleld
01602S 6LNX odAL 0¥z vV
0L60¢S 6LINX 8dAL 621 V
Logy’L ¥-G1-81 O\ IN 1D X €-88001 00.1€S Llg 9dAl 617 V [ESIS
719L€ SNS O ‘€0EY O yoy'L Z-Cl-L1 ON IN 4D 2X €-88001 €091€S T9Le ©dAL 6% V| ZL-LLOWINIJZX ‘G-/2€6 sssjulels
T¥0€ SNS IO ‘€0EY O 09’1 L1-61 IN 1D 2X €-88001 €0v0ES o€ @dAL 6.1 V 01-8LINIJeX ‘G-L2€6 5 3003s leg onlusisny
#0520l
7191€4SNS 19 ‘vi2e O yoRy'L CCL-LL OW IN 1D ZX g-gceol €091ES 191 41928l V ZL-LLONINIDX ‘G-22€6
sbuiblioy
1+¥0€ 4 SNS 19 ‘v12e O 04’1 L1-61 IN 1D 2X g-gceol €0v0ES I0€ 419 281 V 01-8LINIDX ‘G-/Z€6 /BnoIA
Z-LL-6LANINIDOZXD
V¥l SOS 10 ‘12lS O 607" L Z-L1-61 O IN 1D ZXD €820l Qoszer WEAD 1D VL V ‘cL6LL
sbunseo
VEL SOS10‘12LS O 609y L L1-61 IN 1D 2X9 €820l 00526R €401 EvL VY 0L-8LINJOEXO ‘¢L6L1 SELED)
Z-LL-6LANINIDOZXD
V¥l SOS10‘12LlS O 607" L Z-L1-61 O IN 1D ZXD y-€Leol 0oszcer WNEJD 1D LSEV ‘cL6LL
sbunseo
VEL SOS 1D ‘121§ 9 6091 L L1-61 IN 1D 2XD y-€1201 ooseer €40 19 LGEV 01-8LINIOEXD ‘2L6LL ainssald
€0y 10 0Lt
SNS 19 S0EV/YOEY O 900" L €LiozL X 2-88001 000L¥S 0Ly 98k pye v 8jeld
0174
1o 0Ly SNS 19 ‘€0EY O s L-CL NONIDZZX 69201 000L¥S 919 ¥61 W 0,170 ‘2-905¢€ p SINN
(rjuoo) |991s
014 p SPNIs wnjwolayd
1o 0Ly SNS 19O ‘€0EV O eyl L-CL NONIDZZX 69201 000L¥S 9919 €61 V 0,170 ‘1-906¢€ pue sjjog %cCl
sir JaquinN sweN qN3 e SNN LSV 0Ss sse[o
uedep adoung vsSn Jeuoijeufiaju| suonesiddy leuajein

(3)ro0z:0LLEL OSI

(penunuoo) — L'y ajqeL



https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

paniasal sybu |1y - 002 OSI ®

12°]

1erecesns G-¢ceol €-G-CZNONINIDZX
9ooleggreree g aoomr'L €-G-¢Z N O\ IN 107gX #-0G20l €08les 1641928l V ‘G-12€6 sbumi4
d1ierece
SNS 19 ‘65¥E O €08LesS €081€S-06. V adid
aerece
SNS 19 ‘G0EY O/Y0EY O aoomr'L €-G-¢Z N O\ IN 1D 2X 1782001 €08LeS €08LE€S-0vC V ajeld joo1s
€-G-ZZNONINIOZX sso|ule)s
1Er62e SNS 9 ‘€0 O aoonr'L €-G-¢Z N OIN IN 1D 2X €-88001¥ €08lesS €081€S-9/2 V ‘G-12€6 300}s Jeg xs1dng
L097°L €-9-GZ N D O IN 4D ¢X €-88001 0S8SceS 6.V V
a4Lrece sNs §-¢ceol €-G-CZNONINIDZX sbuibioy
1D ‘6LEY © ool €-G-¢C N O\ IN 1D 2X #-0G201 g08LES 1641928l V ‘G-12€6 / BnoIAp
0l SOS 19 “1zZlS O 0747 " €-G-¢¢ NONINJID X9 y-€Leol G0¢Z6R o V¥ IO 068 V
€ G 9C NQNINIDZXD
L1 SOS 1D ‘12lS O 691" L ¥-2-9¢ NONINJID X9 y-€Leol L.eeer 52 VEIO 068 V ‘cL6LL
cleeer ga119068V| €€SG9C NOWNDINIDOZXD sbuseo
Ligv'L €-€-9-GZ NNQONINID Z2XO 7-€120l oleeer NOWAAd 19 LSEV ‘TL6LL ainssald
ERS
ssajulels
00vLL S (uHd ¥-214) §0L V¥ sbuiBioy pauspIey
00SSl S (\Hd S-G1.) SO ainssald | -uonepdioaid
91€ SNS 9 ‘€0EV O VLGP ¢Cl-L1L 'L ON IN 1D 9X ¥#-0G201 009LES N8g 1O ¥61 V 0.1vV ‘2-90S¢€ SINN
spnis
91€ SNS 9 ‘€0EV O VLG L ¢Cl-L1 1L ON IN 1D 9X #-0G20l oooles N8g 1D €61 V 0L{vV ‘1-90G¢€ pue sjjog
(juo9) 9918
191L€4/1¥0¢€4 Yo'l Z¢-Cl-L1L ON IN 1D ¢X €09les 19119 W04 4D |  ZL-LLONINIJEX ‘G-L2€6 ssojulels
SNS 9 ‘vI2e O 90€T T TT6F INTO ¢X G-Cccut TOV0ES C8T Vv UT-8TINTOZX ‘G-LZE6 sbumpi4 onlussny
sir JaquinN sweN qN3 e SNN INLSV oSl sse|o
uedep adoung vsn |euonjeusadju| suoesddy |eu9)e N

(ponupuoo) — 'y alqeL

(3)vo0z:0L2€L OSI



https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

GG pansesal siybu |1V — #00Z OSI @

IWreze SNS 19 ‘€0 O LoGv'L ¥-2-GZ NM nD O IN 107gX €-88001 091¢¢€s 0912€S-9/2 V SINN

spnjs

Irege SNS 19 ‘€0 O LoGgr'L ¥-2-GZ NM nQ O\l IN 4D 2X €-88001 09.2€S 09.2€S-9.¢ V¥ pue sjjog

rr6cesns £-88001
19 9leg greiee d LOgb’L ¥-2-GZ NM nQ O\l IN 4D 2X 705201 09.2€S GG419 281l V sbumi4
d.1vr
62€ SNS 19 ‘65vE O 09.¢€S 09.2€S-06L V adid
vrece

SNS 19 ‘G0EY D/Y0EY O LoGr L ¥-2-GZ NM N O IN 1D 2X /-82001 09.2€S 09.2¢€S-0¥C V ajeld
09.2€S-6L7 V s
Ireze SNS 19 ‘€0 O Logr'L ¥-2-GZ NM N O IN 1D 2X €-88001 09/¢esS 09.2€S-9/¢ VY 3003s leg xaidnp Em:w

€-88001 sbuibioy

Logh°L ¥-2-GZ NM nQ O\l IN 4D 2X $-05201 09.2€S GG 1928l Vv / BNoIAN

ogeeer V919 068 V
691" L ¥-2-92 N O IN 1D 2X9 y-€Leol yoveer VS 19 068 V
sbunseo
08€e6lr | NNOMINEADIDLSE V ainssald
€-G-CZMNOWINIOZX

IEr6ZE SNS 19 ‘€0EY O oL €-G-¢Z N O IN 1D 2X €-88001 €08LES €081ES-9/ZV. ‘G-12€6 SINN
(rjuoo) |991s
€-G-CZNOWINIOZX spnis ssojulels
IEr6ZE SNS 19 ‘€0 O oL €-G-¢Z N O IN 1D 2X €-88001 €08LES €081€S-9/¢ V ‘G-12€6 pue sjjog xs1dng

sir JaquinN sweN qN3 e SNN LSV 0Ss sse[o
ueder adoung vsSn Jeuoijeufiaju| suonesiddy leuajein

(3)ro0z:0LLEL OSI

(penunuoo) — L'y ajqeL



https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

pansasal siybu IV — #00Z 0S| © 95

(uaBoIIN% x QLA (usIsBun LY x 2) + (19ddoD% x g) + (Wnuapghlon Y, x £°€) + [(U0GIED% x G'pL) - WNIWOIYD%)] = NIHd
:Mojaqg UBAIB st NIy d 104 ejnwioy [eauidwa [ed1dA} v "0f 0} [enba Jo uey) Jajealb (NIHd) JoaquinN jusjeainb3 aouejsisay Bumid Uym pauisseo [99)s ssajuiels xa|dnp Jjadng
sapelb (1) uogsed moj jo adejd ul paynsgns aq Aew PLg pue 0g Jo sapelb piepue)s ‘syeys Jo4
‘0pL¥ ISIV @sn Ajjeuwuou ‘eoads
"(M@H Z0g 49A0) uolIpuod paudpIeY dUj Ul SYeys Jojesnjouoq

'0)9 ‘NIQ ‘S9 ‘YON4V "B ‘spiepuejs |euoneu ueadoing a|qejieAe aie piay} ‘}sIxa 194 Jou op spepuels N3 848y

q
‘Aluo Assiwayd Joy upireubisap (walsAs Buaqwinu payiun) SNN e
81LLMN
- €ONGANGL346 140N
81./0N ‘Gel6 81/ [uUodu|
GZ99MN - ANBOWCZIOIN
96g'¢ ANBONZZIOIN G6001 GZ990N [S17a72 ] ‘Gel6 GZ9 |suodu|
1IEIVOENDIN
‘Gel6 [SUOIN-M
00¥¥0ON 96 9 00vYMN - 0ENDIN sbuibioy
00¥7¥0ON 791 9 ‘GeL6 / WBNoIAN [BUON
|lelow
d90LMT SV IUSBCUZNY 1251745 [9]0}%720) UUvrvO~l Ll d seqn] Ajeqwpy
Sir JaquinN sweN q N3 e SNN NLSV osl sse|d
ueder adoung vsSn |euonjeusaju| suonesiddy leuaje N

(ponupuoo) — 'y alqeL

(3)vo0z:0L2€L OSI


https://standardsiso.com/api/?name=ba1814f22b02ed938e9c73ef4577ec8d

ISO 13710:2004(E)

Annex B
(normative)

Vendor drawing and data requirements (VDDR) form

The VDDR form is given in Table B.1.
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ISO 13710:2004(E)

CONTRACT START DATE:

Table B.1 — VDDR form

diagram (P & |

P)

DRAWING |FIRST |INCLUDED |INCLUDED |COPIES |COPIES |(FORMAT

DOCUMENT NUMBER |ISSUE |IN MAIN- IN DATA FOR FINAL
TENANCE |BOOK REVIEW
MANUAL

VDDR Form N N

Quality plan N N

Quality manual N N

Production programme N N

Status report N N

Index of operatjon and maintenance manual Y N

Index of installation manual N N

Index of data bpok N Y

General arrangement drawing Y N

Out-of-balance]forces and moments (0] N

Pump cross-segtional drawings Y N

Pump data sheet Y Y

Pump lube oil piping and instrumentation O N

Stuffing box lulf

e oil P & ID

Stuffing box qu

ench P & ID

Stuffing box led

kage header P & ID

Cooling water

P & ID

Special installg

fion instructions

Bill(s) of materi

z]

Motor general

hrrangement drawing

Motor data she

et

VSD pump/mo

or torque curves

Motor(s) hazar

lous area certification

Motor(s) proted

tion certificate

st certificate

)
Motor(s) type t
Motor(s) works

test certificate

Inverter generg

| arrangement drawing

Inverter data s

eet

Inverter hook-u

p diagram

Inverter compo

hent checklist

Inverter continyity/integrity certificate

Inverter insulat

on certificate

Inverter short-dircuit certificate

Inverter no loa

test with motor certificate

Inverter 24-h fyll load test-cettificate

Inverter contro

fungtion Certificate

Gearbox gener

pllarrangement drawing

Gearbox cross-Sectional drawings

Gearbox bill(s)

of material

Coupling drawings

Utilities consumption list

Lube oil schedule

Control logic

Instrument schedule(s)

Instrument wiring diagram

Instrument(s) hazardous area certification

Instrument(s) protection certificate

Instrument(s) calibration certificate

Hydrotest procedure

zlZz|1Z|Z|<|O|X|[X]|O0|0|<[AI<[Z|Zz|Zz|Zz|Zz|Zz|Z|<|X|<|[Z|Z|Z|Z2|Z|<X|X|<|<|O|O|O|O

o|<|o|X|Z|o|Zz|Zz|z|z|z|g|Z|Oo|0o|Oo|0o|Oo|o|X|Z|Zz|Zz|o|0o|0|X|<|X|Z|Zz|Zz|Z/=Z|=Z2|=Z2
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Table B.1 — (continued)

ISO 13710:2004(E)

DOCUMENT

DRAWING
NUMBER

FIRST
ISSUE

INCLUDED
IN MAIN-
TENANCE
MANUAL

INCLUDED
IN DATA
BOOK

COPIES
FOR
REVIEW

COPIES
FINAL

FORMAT

Performance test procedure

z

NPSH Test procedure

Mechanical run test procedure

Endurance run test procedure

String test procedure

Z|Zz|Z2|Z2

O|0|0O|Oo|0o

x

-

Presgure-limiting-vatve-testproeedure

Pulsgtion measurement test procedure

Vibrafion survey procedure

Noisqg survey procedure

Funcfional test procedure

Liquid penetrant inspection procedure

Magnetic particle inspection procedure

Radiqgraphy inspection procedure

Weld|procedure

Weldgr qualifications

Paint|procedure

Storage/preservation procedure

Commissioning spares quotation

1-yeqr operation spares quotation

2-yeqdr operating spares quotation

List of special tools supplied

Certifjcate of conformity

Certificate of mechanical properties

Certifjcate of chemical analysis

Certificate of hardness

Liquig penetrant inspection certificate

Magnetic particle inspection certificate

Radiqgraphy inspection certificate

Hydrgtest certificates

Mechganical run test certificate

Perfoymance test certificate

NPIP|test certificate

String test certificate

Endufrance test certificate

Presqure-limiting valve-test certificate

Pulsgtion test certificate

Vibrafion survey. certificate

Noisq survey certificate

Certificate’ of paint thickness

Certificate of cleanliness

Instrumentation wiring certification

Functional test certificate

Weight schedule

Release certificate

Zz(Zz|1Z|Zz|1Zz|Z|Zz|Z|1Z2|Z|Z2|Z|1Z2|Z|Z2|Z|Z|(Z|1Z|Z|Z|Z|Z|(<|Z|(Z|Z|(<X|Z|Z|Z|Z|Z|Z|Z|Z|Z|=Z

<|<[<[Oo|Oo|o|o|o|o|o|o|X|X[X|X|<[Oo|o|Oo|Oo|X|X|X[Z|Z|Z|Z|Z|0ofjo|[O|O|O|O|<X]|O|Z|=Z2

Installation, operation and maintenance manual

Data book

Y = Yes, item typically included.
N = No, item typically not included.

O = Optional, included if specified by purchaser.

© I1SO 2004 — All rights reserved
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ISO 13710:2004(E)

C.1 Desig

Annex C
(normative)

Pulsation and vibration control techniques

n analysis methods — General

If the purcha
a) Method
b) Method
Methods 1 a
— longinle
— inlet flow
— theinlet
— the serv

For these cd
ISO 13707 s

NOTE 1 Fq

NOTE 2  Cavitation problems in pump systems“are significantly influenced by pulsations; therefore, suction

assessment b
systems) migH

C.2 Analy
C.21 The
proprietary a
with good pif

C.2.2 The

ser has specified design analysis (see 7.7.2), one of the following methods shall be used
1 (see C.2);

D (see C.3).

nd 2 might not give sufficient accuracy when the following conditions apply:

t lines;

velocities below 0,3 m/s (1 ft/s) or above 3 m/s (10 ft/s);

liquid temperature is high enough that cavitation can be, anticipated;

ce has a critical hazard condition.

nditions, if specified by the purchaser, the fof¢ed vibration analysis techniques as specifi
nall be applied.

r the purposes of this provision, API Std 618:is equivalent to ISO 13707.

bsed on acceleration-head calculations (which is a quasi-static method of considering pulsations in
t not ensure adequate NPIP.

sis Method 1
analytical study/ shall include the design of a pump pulsation suppression device,
nd/or empirical analytical techniques to meet the pulsation levels specified in C.5 to C.7, tog

ing layout, using good support/restraint principles and adequate NPIP.

analytical study should also include a simplified analysis of the purchaser's piping system &

ed in

-head
piping

using
ether

y the

purchaser, W

ith-frequency data from the supplier, to determine critical piping lengths that may be in resor

ance

with the acoustical excitation frequencies.

C.3 Analysis Method 2 (acoustical simulation)

C.3.1 General

This approach involves pulsation control through the use of pulsation control devices, developed using proven
acoustical simulation techniques, in conjunction with mechanical analysis of pipe runs and support systems
(clamp design and spacing) to achieve control of vibrational response. The following should be considered.

a) Calculation of peak-to-peak pulsation levels
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Operating conditions and pump pressure steps are chosen to yield the highest expect

ed pulsation

amplitudes throughout the piping system. Pulsation amplitudes are then compared to the levels identified

in C.4.
b) Calculation of pulsation-induced shaking forces (unbalanced forces)
Maximum pulsation-induced shaking forces and unbalanced pressure acting on the critical elements of
the piping system, such as pulsation control devices, pulsation control-device internals, vessels, closed-
end headers, and the like, can be predicted.
c) Development of piping modifications
If the pulsation analysis indicates that pulsation levels and/or shaking forces are excessiveyxmodifications
the pulsation control devices and/pr piping systems will be made and the analysis €ontirjued until the
ystem meets the guidelines defined in C.4 or other criteria as agreed upon by the purchaseif and vendor.
C.3.2 Mechanical review and piping restraint analysis
A simple mechanical review shall be performed using span and vessel_mechanical natufal-frequency
calculations to avoid mechanical resonance. This review shall result in ‘a-table of various pipe sizes that
indicates the maximum allowable span (based on the maximum pump- operating speed) befween piping
suppgprts as a function of pipe diameter, and the separation margin requirements of C.7.
In th¢ piping design, if clamps are used to avoid mechanical.résonance, the thermal flexibility effects and
statiq stresses should also be considered. To accurately predict.and avoid piping resonance, the pupports and
clamps must rigidly restrain the piping. The piping restraint;is'not considered to be rigid unless fhe restraints
have|either enough mass or sufficient stiffness to emulate a vibration node at the restraint and the pipe is
attached to the restraint using clamps. This requirement is difficult to attain with overhead piping and/or the
use df simple supports, hangers and guides.
C.4 |Maximum allowable pulsation levels
For Analysis Methods 1 and 2, the peak-to-peak pulsation levels in the suction and discharge piping systems
beyond the pulsation control devices shall not exceed the levels calculated by Equation (C.1) [Equation (C.2)]
which specifies the allowable peak-to-peak pulsation level of each individual pulsation frequency component.
Suctipn and discharge pulsation‘levels also shall be limited to values that will not cause cavitation or pressure-
limitipg valve-lifting.
In Slunits:
3 500
p1=—<J0o5 (C.1)
(dief)™
In U§ EUstomary (USC) units:
100
P1=—— s (C2)
(dixf)™
where
p1 is the maximum allowable peak-to-peak pulsation level of individual pulsation frequency components,
expressed in kilopascals (pounds force per square inch);
d, s the inside diameter of line pipe, expressed in millimetres (inches);
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e pulsation frequency derived from the following equation, expressed in hertz.

is the pump rotational speed, expressed in revolutions per minute;

=1, 2, 3 ..., corresponding to the fundamental frequency and harmonics of the pump speed

f isth
n
%
where
n
X
For multiple
pulsation du

C.5 Inlet pressure versus liquid vapour pressure

Unless other
inlet referend

shown in Eqdiation (C.4) (see Figure C.1).

Pmin =

Results on th
NOTE 1 TH
complex wave

safety betwee

NOTE 2

C.6 Presslure-limiting valve protection

Unless other]

at the pressiire-limiting valve and the pressure-limiting valve setting shall be 5 % of the maximum spe

discharge pr

The positive
(25 psi), whig

Pp < Pn

where

Enptrained and /or dissolved gases can also signifiCantly alter the cavitation characteristics of liquids.

nits in parallel, the purchaser and vendor shall consider and agree upon the additive effe
to simultaneous operation of all pumps or the level of pulsation at a particular test point,

wise specified, the minimum value (absolute) of the suction complex pressure wave, pin,
e point shall be at least 10 % higher than the highest (absolute) liquid vapour pressure, p,

1% Pv,max
e vendor's test rig shall be above this limit by at least an additional 10 %.

e theoretical maximum amplitude of the suction pulsatioi“oCcurs when the negative peak of the pul
equals the average suction pressure minus the vapour pressure. Equation (C.4) provides for a ma
h the negative peak of pulsation and vapour pressure;

Wwise specified, the margin of separation between the positive peak of the pulsation complex
bssure or 165 kPa (1,685bar) (25 psi), whichever is greater (see Figure C.2).

peak of pulsation; Pp» shall be less than the value determined by Equation (C.5) or 16
hever is greater:

- pd —(0,05x py)

(C.3)

bts of

ht the

by @S

(C.4)

sation
gin of

wave
cified

b kPa

(C.5)

Pp

inch);

Pdq

(pounds force per square inch);

forc
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e per square inch).

is the positive peak of pulsation complex wave, expressed in kilopascals (pounds force per square

is the maximum specified value of average discharge gauge pressure, expressed in kilopascals

is the required pressure-limiting valve setting gauge pressure, expressed in kilopascals (pounds
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