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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh*patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Conimittee ISO/TC 67, Materials, equipment and offshore
strudtures for petroleum, petrochemical and natural gas industries.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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This document is based on NORSOK M-650, 4th edition, which was developed by the Norwegian
petroleum industry to ensure adequate safety, value added and cost effectiveness for petroleum
industry developments and operations.

The conformity assessment requirements provide a Scheme for manufacturers to demonstrate their
competence and experience to manufacture the relevant material grades and product forms. The
intention is that a manufacturing procedure conformity record (MPCR) accepted by one customer
should also be acceptable for other customers, within the essential variables of this document.

This docum
— Annex/

— Annex H
ISO 104

— Annex(
— Annex]|

— Annex H
of bend

— AnnexH

— Annex (

ent includes the following annexes that are either normative or informative:
| provides the Manufacturing Procedure Summary front page and examples (informat

b contains the Temperature Uniformity Survey with additional requirements’to Annex
23:2009 and ASTM A991-10 (normative);

| provides an example of verification of the heat treatment proceduré_(informative);
) contains requirements related to fasteners (normative);

| contains requirements related to induction bending in the ¢ase of testing for qualific
b without post-bend heat treatment (normative);

[ contains requirements for the assessment of testinglaboratories (normative);

| provides the Manufacturing Procedure Conformity Record front page (normative).

ve);

M of

htion

Vi
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Petroleum, petrochemical and natural gas industries —
Scheme for conformity assessment of manufacturers of
special materials

1 Scope

This
the 1
of th
thesd
stan

This
proc
but n

document establishes a procedure for verifying that the manufacturer of speciabn
etroleum, petrochemical and natural gas industries has sufficient competence.and
e relevant material grades of metal, and the necessary facilities and equipment; to 1
e materials in the required shapes and sizes with acceptable properties according to th
lard, material specification and/or material data sheet specified by the purchaser.

document is applicable to manufacturers of various materials, product forms and m4

ot exclusively:

a)
b)
c)
d) t
This

2 Normative references

The
cons
undg

ISO 3
requ

ISO 9

ISO 1
and

ISO 1

uplex stainless steel;

igh alloyed austenitic stainless steel;
ickel-based alloys;

itanium and its alloys.

document is also applicable to the processés of induction bending and strain-hardenec

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this~document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

834-2, Quality requirements for fusion welding of metallic materials — Part 2: Comprehe
rements

000, Quality/management systems — Fundamentals and vocabulary

0423:2009, Petroleum and natural gas industries — Drilling and production equipment
hristmas tree equipment

naterials for

experience
nanufacture
e applicable

nufacturing

psses when specified by the purchaser. This document has been established considering especially,

| products.

heir content
applies. For
hts) applies.

nsive quality

— Wellhead

0474, Steel and steel products — Inspection documents

ISO 14343, Welding consumables — Wire electrodes, strip electrodes, wires and rods for arc welding of
stainless and heat resisting steels — Classification

[SO 15590-1, Petroleum and natural gas industries — Induction bends, fittings and flanges for pipeline
transportation systems — Part 1: Induction bends

ISO 15614-1, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

ISO/IEC 17000:2004, Conformity assessment — Vocabulary and general principles

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

© ISO
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ASME Boiler and Pressure Vessel Code, Section II, Materials, Part C, Specifications for welding rods,
electrodes, and filler metals (also referred to ASME II Part C)

ASME Boiler and Pressure Vessel Code, Section IX: Welding and Brazing Qualifications (also referred to
ASME IX)

ASTM A370-14, Standard Test Methods and Definitions for Mechanical Testing of Steel Products

ASTM A991-10, Standard Test Method for Conducting Temperature Uniformity Surveys of Furnaces Used to
Heat Treat Steel Products

ASTM E407, Standard Practice for Microetching Metals and Alloys

EN 10204, Metallic products — Types of inspection documents

3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions given in ISO 9000, ISO/EC 17000 angd the
following agply.

ISO and [EC|maintain terminological databases for use in standardization atthe following addressgs:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eledtropedia: available at http://www.electropedia.org/

3.1 Terms and definitions

3.11
conformity|assessment

demonstratjon that specified requirements relating to a product, process, system, person or body are
fulfilled

[SOURCE: ISO/IEC 17000:2004, 2.1]

3.1.2
continuous{furnace
furnace in which the item/produgct to’be heat treated is loaded and heat treated in a continuous cyfle

3.1.3
company
owner or organization tHatis responsible for development of and/or operation of an installation/fafility

Note 1 to entty: For the.purposes of this document, the company is normally an oil company.

3.1.4
equalizationtime
time used to ensure a uniform pre-set temperature throughout a heat treatment load and/or throughout
all section thicknesses of a component

3.1.5

heat sink

separate block used to monitor temperature during heat treatment and made from the same generic
type of material as the parts being heat treated

3.1.6

high alloyed austenitic stainless steel (SS)

austenitic stainless steel typically having PREN = 40 or [%Ni + 2(%Mo)] > 30 where %Mo > 2, all mass
fractions expressed as percent

EXAMPLE UNS S31254, UNS N08367, UNS N08926, UNS S31266, UNS S32654, UNS S34565, ]93254.

2 © ISO 2018 - All rights reserved
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3.1.7

holding time

time from when the controlling thermocouple(s) [normally the furnace thermocouple(s)] has reached
set temperature until the specified soaking time is completed

Note 1 to entry: See also Annex C.

Note 2 to entry: Holding time consists of equalization time + soaking time. Holding time is not applicable to
continuous and semi-continuous furnaces.

3.1.8

main contractor
party which carries out all or part of the design, engineering, procurement,ocpnstruction,
comimissioning or management of a project, or operation or maintenance of a facility, oh a contract
awaided by the company

3.19
manufacturer
party, including subcontractors, which carries out operations that affect the material propjerties of the
finished product

Note |l to entry: A manufacturer should have minimum one operation, whichaffects material propertties in-house.

Note |2 to entry: These operations can include forming, heat treatmeit, etc.

3.1.10
pitting resistance equivalent number
PREN
number indicating the resistance of stainless steel to pitting corrosion and related [fo chemical
composition

Note [l to entry: PREN is calculated from one ofithe following equations:
a) PREN = %Cr + 3,3 %Mo + 16 %N

b) FREN=%Cr+ 3,3 %(Mo +0,5W) + 16 %N

wherp all mass fractions are expressed as a percentage.

Note [2 to entry: The requirément for the minimum PREN value applies to the applicable material gpecification,
MDS and/or material stanidard as specified by purchaser.

3.1.11
purchaser
party which purchases a product from a manufacturer

Note |l to entry: Company (end user), main contractor and buyer are purchasers in the contextf used in this
document:

3.1.12
Qualifying Company
body or person that performs conformity assessment activity (3.1.13)

3.1.13

second-party conformity assessment activity

conformity assessment activity that is performed by a person or organization that has a user interest in
the object

Note 1 to entry: Persons or organizations performing second-party conformity assessment activities include,
for example, purchasers or users of products, or potential customers seeking to rely on a supplier’s management
system, or organizations representing those interests.

[SOURCE: ISO/IEC 17000:2004, 2.3]
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semi-continuous furnace
furnace for which the load to be heat treated is prepared as a batch in front of the furnace and then
passed in a continuous way through the furnace

3.1.15

soaking time
time that the entire part/section being heat treated (throughout its cross-sections) remains within the
specified soaking (material) temperature range

Note 1 to entry: See also Annex C.

3.1.16

soaking zone

zone in a co
the specifie

3.1.17
SS type 22(
ferritic/aust

EXAMPLE

3.1.18
SS type 25(
ferritic/aust

Note 1 to ent
EXAMPLE

3.1.19
test directi
direction in

Note 1 to ent
axial defined|

3.1.20
third-party
conformity
person or ot

Note 1 to ent

htinuous/semi-continuous heat treatment furnace where the material is maintained w
| soaking temperature range

r duplex
enitic stainless steel alloys with 30,0 < PREN < 40,0 and Cr = 19 %(n1ass fraction)

UNS S31803 and UNS S32205.

r duplex
enitic stainless steel alloys with 40,0 < PREN < 48,0¢mass fraction)

Fy: This alloy is often referred to as “super duplex”.

UNS S S32505, UNS S32550, UNS S32750, UNS532760 and UNS S39274.

pn
which testing is carried out as definéd relative to the geometry of the component to be t

ry: For the purposes of this document, the definitions given in ASTM A370-14, section 5, apply

conformity assessment activity
hssessment activity that is performed by a person or organization that is independent ¢
ganization thatprovides the object, and of user interest in that object

I'y: Criteria for'the independence of the conformity assessment bodies and accreditation bodig

provided in fhe Interdational Standards and Guides applicable to their activities [see Bibliography (in IS

17000)].

[SOURCE: IS

as the longitudinal axis of the'test specimen located parallel to the main axis of the component.

ithin

bsted

with

fthe

s are
D/IEC

OZHEC 17000:2004, 2.4]

3.2 Abbreviated terms

AOD
API
ASTM
EN

HIP

argon oxygen decarburization

American Petroleum Institute

American Society for Testing and Materials
European Standard

hot isostatic pressed

© ISO 2018 - All rights reserved
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HV Vickers hardness

MDS material data sheet

MOM minutes of meeting

MPCR manufacturing procedure conformity record
MPS manufacturing procedure summary

NDE non-destructive examination

NORPOK  Industry Standards for the Competitive Standing of the Norwegian Offshore Seg¢tor
PED Pressure Equipment Directive
PREN pitting resistance equivalent number

PWHT post-weld heat treatment

SS stainless steel

UNS unified numbering system

VOD vacuum oxygen decarburization
WPQR welding procedure qualification record
WPS welding procedure specification

4 Responsibilities

4.1 | Purchaser's responsibilities

The purchaser is responsible for.ensuring that the manufacturers engaged for a project dre qualified
withjn the essential variablegs of this document. Existing manufacturer’s procedure conforinity records
(MP(Rs) shall be reviewed-for conformance with this document. Manufacturers unkrnown to the
purchaser should in addition be visited.

Acceptance of an MPCR and the manufacturer chosen are at the discretion and determination of the
purchaser.

The purchasér is not exempted from his responsibility for quality surveillance of his subjcontractors,
even|if these fulfil the requirements of this document.

4.2 | Manufacturer’s rpcpnncihiliﬁpc

The manufacturer is responsible for establishing and maintaining required documentation and
carrying out verification and testing in accordance with this document.

A manufacturer conforming to this document assumes the obligation to carry out manufacturing
and establish material/test certificates of products in accordance with the qualified Manufacturing
Procedure Summary (MPS), including all referenced procedures. If an order requiring conformance
with this document is outside the qualified range as defined in 10.2.15, the purchaser shall be informed.

4.3 Qualifying Company’s responsibilities

The Qualifying Company shall monitor the conformity assessment activities, review and finally approve
the resulting MPCR by signing and stamping the MPCR front page (see Annex G).

© IS0 2018 - All rights reserved 5
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The Qualifying Company person signing the MPQR shall have the following,

nt education on bachelor level from a university college or equal;

good knowledge of metallurgical aspects of the applicable alloys, which shall be evaluated, including

phase and transformation diagrams, effects of hot forming, welding, heat treatment, testing, etc.;

relevant knowledge of the manufacturing process(es) to be evaluated;

in-depth knowledge and understanding of this document;

previous experience with this document or received guidance/supervision from a person with

a) areleva

b)

<)

d)

e) _
previoy

The Qualify

NOTE

conformity a

5 Confoj

5.1 Confg

The confory

Company. T
a) asecon
b) a third
party is
A Qualifying
a) through
the mar
b) through
specific
by futu
signatu
5.2 Basis

The manufa

a)

knowle

Qualification (conformity assessment) experience with NORSOK M-650 Ed. 4 is cousidered eqy

S qualification experience with this document.

ng Company shall be independent of the manufacturer.
ssessment experience with this document.

'mity assessment of manufacturers

)rmity assessment

hity assessment shall be carried out in cooperation with and verified by the Quali
ne conformity assessment shall be carried out as either

l-party conformity assessment activity (see definition in 3.1.13), or

party conformity assessment activity (see definition in 3.1.20), but only where the
accepted as a competent Qualifying Company by Company, Main Contractor or Purchd

r Company can be engaged:

projects for which the manufagturer has specific orders; that is, through contact bet}
ufacturer and the Companies, Main Contractors or Purchasers;

a third party in cases_where manufacturer wants to be evaluated without having
orders. In such cases the’acceptance of the Qualifying Company and of the MPCR shj

e of the MPCR frontpage as specified in 5.5.
for assessiment of manufacturers

cturer,including any nominated subcontractors, shall have:

g€ “and relevant manufacturing experience with the type of material to be qua

hal to

fying

third
ser.

iween

[ any
111 be

‘e customers prior to_purchase order placement. Acceptance may be indicated by co@inter

ified

(see Cla

15e°7);

b)
‘)

as defin
d)
e)
f)

acceptable manufacturing facilities and equipment (see Clauses 7 and 9);

ed in Table 1, column “Type of start material”, to finished product (see Clause 8);

an established heat treatment procedure (see Clause 9);
a management system that conforms with the requirements of ISO 9001 or equivalent;

satisfactory verification test results in conformance with this document (see Clause 10).

an established MPS (procedure) covering all manufacturing steps from melting or start material,

© ISO 2018 - All rights reserved
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5.3 Evaluation for conformity

The Qualifying Company shall carry out a review and inspection of the manufacturing facilities,
equipment, implementation of procedures and documentation, as required by this document, on the
premises of the manufacturer and his subcontractors.

The results of the evaluation shall be documented in an evaluation report or minutes of meeting (MOM).

5.4 Review of manufacturing procedure conformity record (MPCR)

A complete MPCR with content in accordance with Clause 11 shall be established for review.

The ¢nly way to qualify a manufacturing procedure is to fulfil all the requirements of this)flocument. It
is nof possible to deviate from this document with respect to being qualified. When all yeqyiirements in
this locument are fulfilled, the MPCR front page (see Annex G) shall be signed off,and stamped by the
Qualjfying Company.

5.5 | Statement of conformity

The ¢riginal MPCR front page (see Annex G), completed with all data indicated in Annex ( and signed
by tHe Qualifying Company, is the only valid proof of conformity in accordance with this document.

Where a party authorized by the Company, Main Contractor oy Purchaser is used as the¢ Qualifying
Company, the Company, Main Contractor or Purchaser who has given the authorization shalll co-sign the
MPCR front page to confirm their acceptance of the MPCR:

NOTH ISO does not keep any listing of qualified manGfacturers who are accepted in accordapce with this

document.

6 Validity of the manufacturer procedure conformity record (MPCR)

6.1 | Term of validity

The manufacturer’s MPCR is valid\for a maximum of five years starting from the date of|signing and
stamlping of the MPCR front pdge. For new manufacturers, see 7.1.2.

For fenewal of an existing)MPCR according to 6.2, the renewal is valid for a maximum ¢f five years
startling from the expirydate of the original conformity assessment.

The ¢onformity assessment is valid within the parameters specified in 10.2.

6.2 | Renewal of the MPCR

The MPCR from a manufacturer with regular production of the originally conformity assesged products
and alloys to a valid MPS is considered renewed without additional testing provided that production
testing records are retained that demonstrate continued conformance to the specifications employed
for the original conformity assessment. It is a prerequisite that applicable requirements of this
document are complied with.

A renewal shall be initiated prior to the expiry date of the existing MPCR. If this is not the case, a
complete new conformity assessment shall be carried out.

The following actions shall be executed for a renewal of the conformity assessment:

a) evaluating and reviewing the manufacturer's and subcontractors’ premises according to 5.3 by the
Qualifying Company;

b) reviewing and updating the MPS and referred procedures and making a decision whether retesting
is required;

© ISO 2018 - All rights reserved 7
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decision whether a new verification is required;

be updated, and the conditions for the renewal of the conformity assessment;

e)

establishing and properly signing a new MPCR front page with new revision number.

6.3 Transitional requirements

reviewing the heat treatment procedure and its corresponding verification (see 9.3) and making a

the renewed MPCR shall contain a MOM, which describes the actual parts of the MPCR, which shall

A valid NORSOK M-650 Ed. 4 QTR, which complies with the essential variables of this document, is

considered
M-630 MDS

Renewal of {

7 Gener
7.1 Know

7.1.1 Knd

The manuf3
to be qualif
treatment p

7.1.2 Reld

The manuf3
qualified.

Relevant ex
key propert
reference lis
be qualified

New manufj
may be qual
according td
MPCR front

7.2 Many

Facilities an

remains applicable.

h NORSOK M-650 QTR to an ISO 17782 MPCR shall be in accordance with 6.2.

al requirements
rledge and relevant experience

wledge

cturer shall have in-house knowledge of the relevantumetallurgical aspects of the 4
ied, including phase transformation diagrams, effécts of hot forming, welding, and
hrameters, etc. as applicable to the manufacturing@rocesses employed.

evant experience

cturer shall have relevant experience(with manufacture of the type of material f{

berience shall be demonstrated by statistical data presented in the form of a histogra
es, e.g. tensile strength, impact.toughness, corrosion resistance, etc. In addition, a relq
t from the last two years’-production for the products, materials and the range of siZ
shall be included.

cturers with less thantwo years of documented production for actual product and mat
ified to this Scheme; but with a validity period limited to two years, after which a ren
6.2 shall be cdrried out. The reason for the limited validity period shall be included o

page.

facturing facilities and equipment

dCequipment shall be fit for purpose, regularly maintained and calibrated in conform

EqUIVAtent to tIfS doCument provided the origimat matertat-specification, &g NOR

SOK

lloys
heat

o be

m for
vant
es to

erial
ewal
n the

ance

with pertinent International Standards and other requirements specilic to the processes employ

the material grade being manufactured as specified in this document.

Requirements for heat treatment facilities and equipment are further described in 9.1.

7.3 Subcontractors and suppliers

ed or

The manufacturer is responsible for ensuring that subcontracted services shall meet the requirements
of this document for all manufacturing steps performed by the subcontractor.

The manufacturer shall demonstrate adequate and consistent control of supply chain regarding

purchase of

start materials as defined in Table 1, column “Type of start material”.
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7.4 Quality requirements for test laboratories and manufacturers of welded products

7.4.1 Testlaboratories

Test laboratories shall operate in accordance with ISO/IEC 17025 for the applicable test methods.

Conformance to ISO/IEC 17025 shall be documented by,

a) anational accreditation certificate with definition of the scope of the certificate, issued by an ISO/

IEC 17011 conforming national accreditation body or;

b} thetesttaboratoryshatcompleteandsisnthe formin———Tthetormshalbepresented to the
Dualifying Company for evaluation. In such cases,

1) the Qualifying Company shall carry out an assessment of the laboratory, to review listed
procedures and how they are implemented.

2) Inaddition, microstructure examination, as applicable, shall be demgnstrated to the Qualifying
Company’s satisfaction.

3) The results of the assessment shall be documented by a statement of conformity,|which shall
be signed by the laboratory and the Qualifying Company., The'statement of conformity shall be
attached to the filled in form in Annex F.

7.4.2 Manufacturers of welded products

Manuyfacturers of welded products shall conform to.4SO 3834-2 or equivalent, as accepted by the

Qualjfying Company.

8 Manufacturing procedure summary (MPS)

8.1 | General

The mmanufacturer shall have an MPS for each production route, type of product, grade of material and

size range.

NOTH Sometimes it canvbe convenient to combine several production routes, types of product gnd/or grades

of mgterial into one MPS, €.g:-ds shown in the flow chartin Annex A.

The MPS shall describg, step by step in a logical and correct sequence, all important mgnufacturing

activiities with referénce to detailed procedures. A short description and the main parameters for each

activlity shall be‘inicluded. Each production route shall be illustrated with a flow chart.

If the manufacturer has different plants or different production routes for a produft, separate
t treatment,

éntdtion is required for each of these. If essential parts of the work, e.g. forming, heg

htation shall

then include the name and address of each subcontractor and the relevant documentation from the
subcontractor’s equipment and procedures.

The MPS is the property of the manufacturer. Distribution is at the manufacturer's discretion.

8.2

Content of the manufacturing procedure summary (MPS)

8.2.1 Scope of the manufacturing procedure summary

The scope of the MPS shall be clearly defined, stating:

a) name and address of the manufacturer;
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b) grade of material, UNS number, with reference to standard and material specifications;

c) type and size range of products for which the MPS is applicable (in conformance with 10.2.);

d) identification of the manufacturing process(es).

8.2.2 Manufacturing procedure summary requirements
The MPS shall as a minimum include applicable requirements for the following.

a) Start material:

1) type of start material;

NOTE For the definition of start material see Table 1, column “Type of start material”.

2) manufacturer’s start material purchasing specification;
3) nanpe of start material manufacturer(s).
b) Manufafturer's inspection of start material on reception.
c) Melting|shop practices, including:
1) melting and refining processes;
2) casting methods, e.g. ingot, continuous cast, etc..
d) Foundry practices, including:
1) melting and refining processes;

2) handling of and maximum percentage of internal returns (gates, sprues, risers, and rej¢cted
castings) in the melt;

With respect to 1) and 2) remelting of AOD or VOD refined raw material in induction furnpaces
is afceptable. Raw material composed from virgin materials such as ferro-alloys is regarded to
be ¢quivalent to AOD or VOD, refined materials. Internal revert after remelting of AOD or]VOD
treated steels should not be-used.

—

3) casting processes, e.g. inivestment, centrifugal, sand castings, etc.;
4) moulding methodtype of sand, binding agent and method of casting.
e) Hot forming, including:

1) all hot-forming processes, such as forging, pressing, rolling and induction bending, with de¢tails
regarding size and thickness range of each hot-forming process;

> 1 . . 1 i . i 4 1.1 i | i i .
2) maXTIIITuIT aITd IO [TOC1TOT llllllg LUlllpUI dlUresS diiu 1r1ow LIIEsc Lﬁlllpﬁl dLUIcsS dI € 1110111 Ored
and controlled;

3) possible reheating cycle;
4) method of cooling after completion of the hot-forming process;
5) minimum reduction ratio, including how the reduction ratio is calculated;

6) asketch illustrating each step in the forming process (see Annex A);
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7) for induction bending, an MPS shall be established in accordance with 1SO
equivalent, as accepted by the Qualifying Company.

Fasteners, including:
1) manufacturing method, e.g. forged or machined from bar;
2) method of threading, e.g. rolled or machined.

Heat treatment, including:

15590-1 or

1) for batch furnaces, description of heat treatment cycle, e.g. loading temperature, heating rate,

furnace set temperature, soaking (material] temperature with tolerances and
soaking times;

2) for continuous, semi-continuous and induction furnaces and for seamless/pipe
directly quenched from hot forming, the soaking (material) temperaturérange, ar
soaking time as a function of size (e.g. thickness, diameter, cross-section) of produc
treated according to 9.2.4;

3) cooling details, e.g. cooling medium (water, air or combinatiofvthereof, etc.), typ
(quenching, spraying, etc.), relevant parameters (temperatures of cooling medium;
medium-velocity, the type and size of nozzles, quantity, etc. as applicable.);

4) reference to the specific heat treatment procedure atcording to 9.2.
Blasting/cleaning equipment, including the type of grit:
Pickling.

Welding (including weld repair), where the WPS and WPQR applicable for the
3ssessment shall be listed.

PWHT (if applicable).
Type of NDE and inspection metheds.
$train hardening, including:

1) description of the-strain hardening process with information about dimensional r
process;

2) strain hardenihg parameters to be used for each dimension;
3) sketch illustrating each step in the forming process (see Annex A).
Production testing, including:

1)“~extent of production testing;

olding and

5 and tubes
d minimum
ts to be heat

e of cooling
for spraying

conformity

hnge of each

2) type of tests to be carried out, together with acceptance criteria for each test;

3) test sampling, which shall be identified as a separate activity and described in
sequence in the MPS;

the correct

4) sketches showing typical samples with dimensions for production tests, including location and

orientation of test specimens;

5) procedure for microstructure examination, if applicable, that shall include as a minimum:

i) testsampling if not specified in the test sampling sketch(es) included in the MPS;

ii) preparation of specimens;

© ISO 2018 - All rights reserved
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iii) type of etchant(s) to be used, with reference to the etchants listed in ASTM E407;
iv) areas on test specimen to be examined;

v) how examination for intermetallics, precipitates and other deleterious phases are carried
out and documented;

vi) measuring of ferrite content, e.g. location and number of fields to be examined, method,
grid size to be used, calculation of ferrite content and how it will be reported;

vii) magnification;

NOTE For duplex steels In particular, more than one etchant can be required for detdcting
intermetallic phases, carbides and nitrides.

6) whether testing is from actual product or transferred from start material.
0) Materiall/test certificate, including:
1) typg of certificate to be issued;
2) congent of certificate, including:
i) [steel melting practice and refining method;

ii) [results of all specified tests. If test results are transferred from start material certifficate
shall this be denoted;

iii) | heat treatment condition, solution annealing temperature, holding time and quench medium;

iv) [identification of manufacturing summary and/or MPCR used for the manufacture.

p) Descripfion of the material traceability system.

q) Listof gpplicable procedures with revision ntimbers; the list may include the following note.
NOTE This assessment is based on the stated revision of the procedures in the list. The listed proceflures
can be revis¢d without the MPS or the MRCR.being revised, provided there is no infringement of the essg¢ntial

variables given in 10.2, and other specifi€d requirements.

An excerpt firom a typical MPS isdncluded in Annex A as an example.

9 Heat treatment

9.1 Facilities and equipment

9.1.1 General

Heat treatment facilities and equipment shall fulfil the requirements given in 9.1.2 to 9.1.8.
NOTE Further good practice is given in API RP 6HT.

9.1.2 Foundries

Foundries shall have heat treatment facilities within their own premises or located a maximum of 10
km from their plant.

9.1.3 Heat treatment furnaces

Heat treatment furnaces shall be adequately dimensioned for the loads to be heat treated. Electrical
furnaces shall have mechanical means of circulating air during the heat treatment. The only exception
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is cases where it can be documented through verifications (see 9.3) that uniform heating is achieved
without forced circulation. Furnaces shall be equipped with automatic temperature controlling and
recording devices which shall have an accuracy of +1 % of their full-scale range.

A temperature uniformity survey of the quality heat treatment furnaces shall be carried out annually in
accordance with Annex M of ISO 10423:2009, ASTM A991 or equivalent, and the additional requirements

given in Annex B.

NOTE

For the purposes of this provision, API 6A:2010 is equivalent to ISO 10423:2009.

9.1.4 Thermocouples and pyrometers

Ther]
requ
calib,

histd

NOTH

9.1.5

Quer
beloy
to th

mocouples and pyrometers shall be calibrated at least once every three monthsa
rements of Annex M of ISO 10423:2009. For continuous and semi-continudus fy
ration interval may be extended to every six months provided the manufaeturer dq
rical records that no drift outside the calibration tolerances have occurred.

For the purposes of this provision, API 6A:2010 is equivalent to ISO 10423:2009.

Quenching baths

ching baths shall have dimensions and cooling facilities adéquate to keep the water t
v 50 °C at any time during the quenching operation, and,shall not exceed 40 °C imme
e quench. The quench tank shall be equipped with putps or propellers to ensure

nd fulfil the
Irnaces, the
cuments by

emperature
liately prior
satisfactory

circylation and agitation during quenching. Quenching facilities should include provisions|for internal

cooling for the quenching of products with penetratingbotres such as pipes.

Contjnuous temperature monitoring of the quenching bath shall be carried out during qugnching, and
the records maintained.

9.1.4 Loading of components

Pallets or other fixtures shall be used-for placing of parts during heat treatment and quenching to

8

ment of components in baskets in a manner that restricts flow or access of quench
hd each component df the load shall not be allowed.

ensu
onto

re free circulation of air and water between each component. Parts shall not be pl
the furnace floor.

ed directly

Placd
arou

ing medium

9.1.7 Transfer time’between furnace and quenching bath

ferials from
For larger
and/or may
specifically
s, as agreed
with the Quallfylng Company Detalls of the extended transfer tlme 1nc1ud1ng for Wthh products it is
applicable, shall be highlighted on the MPCR front page. The qualified extended transfer time shall not
be exceeded.

For &

lloys requiring water quenching the equipment shall be capable of transferring ma

the heat treatment furnace into the quenching bath within a maximum of 60 secondd.
componerts, it is recognised that a transfer time of 60 seconds can be difficult to achieve

The transfer time is measured from the time the furnace door is fully open, or the furnace roof is fully
removed, until the component(s) is completely submerged in the quenching bath.

9.1.8 Continuous, semi-continuous and induction furnaces

Continuous, semi-continuous and induction furnaces shall generally fulfil the principles stated in 9.1.2
to 9.1.7. A specific evaluation shall be made in each case, and agreed with the Qualifying Company.
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9.2 Heat treatment procedure

9.2.1 General

A specific heat treatment procedure shall be established. The procedure shall provide the information
asked forin 9.2.2 to 9.2.6.

9.2.2 Heat treatment facilities and equipment

The following information about heat treatment facilities and equipment shall be included:

t the

's as
emi-
parly

and

1ding

ve to

bath

nace

ed in

a) type anfl identification of furnace(s);

b) maximym allowable mass in batch furnaces, which shall not exceed the mass of the loadyused 3
heat treatment verification;

c) sketch pf furnace, showing overall dimensions and location of heating elements/burne
applicable. For batch furnaces, the working zone shall be shown. For continuous*furnaces and j
continupus furnaces, the heating zone and, as far as practical, the soaking zone shall be cl
defined

d) location] and identification of pyrometers and/or thermocouples ifi the furnace for contro
recording respectively;

e) maximym operating temperature of furnace(s);

f) description of how temperature is controlled;

g) method|and frequency of calibration of temperature<controlling and -recording devices, incly
thermogouples.

h) cooling facilities;

i) sketch ¢f heat treatment facilities, showing furnace(s) and quenching bath locations relati
each otler.

9.2.3 Loafding and unloading of eomponents and transfer between furnace and quenching |

The following information aboutloading and unloading of components and transfer between fuj

and quenching bath shall be inicluded:

a) placemént of comporients in furnace and during quenching (sketch to be prepared);

b) method|s) for unloading of components from furnace. If several pallets/components are heat|
the furnace at the same time, the unloading sequence of these should be documented;

c¢) maximymtransfer time of components, from open furnace door until components are comp]ietely

submerged in quenching bath.

9.2.4 Description of heat treatment cycle

The following information shall be documented.

a)

b)

14

For batch furnaces: loading temperature, heating rate, soaking (material) temperature with
tolerances, furnace set temperature, criteria for start of holding time, and holding and soaking times
(for definitions of holding and soaking times, see 3.1.8 and 3.1.15, respectively). “Set” temperature
in the sense used means the soaking (material) temperature.

For continuous and semi-continuous furnaces: soaking (material) temperature with tolerances in the
soaking zone, furnace set temperature(s), travel speed and minimum soaking time as a function
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of size (e.g. thickness, diameter, cross-section) of products to be heat treated and other relevant
parameters.

c) For induction furnaces: the parameters listed in 9.2.4 b) and the diameter, with number of turns of
induction coils, together with the current to be used as function of the size of the component(s) to
be heat treated, normally presented in a table. How the temperature measurements are carried out
to ensure that the specified soaking temperature and the minimum soaking time are achieved shall
be described.

d) For seamless pipes and tubes directly quenched from hot forming temperature: this method is only
acceptable when specifically stated in the relevant specified product standard. A description of the

relevantheatt Catlucut/quuca};us pat areters ayy}i\,ablc to-the Pt odtetion PTOCEss; th Component
gizes (outside diameter and wall thickness), the transfer time and minimum tempegatuoye at start of
¢ooling, with how this is measured and documented and when relevant, the soaking temperature
including tolerances) and time.

e) C(ooling details: e.g. cooling medium (water, air, gas or combination thepéof, etc.), tyge of cooling
quenching, spraying, etc.), relevant parameters (temperatures of 'quenching bath; spraying
edium velocity, type and size of nozzles, etc.).

9.2.§ Production testing and traceability

The following information about production testing and traceahbility shall be included:

a) principles for selection of components to be used for production testing within each hejt treatment
ad (sketch to be prepared);

or batch heat treatment; the selected component shall represent the coldest/slowest area of the
urnace to heat up, typically from the centre-and close to the bottom of a heat treatment load. For
ars, pipes and tubes, the production test\sample may be taken from the end provigled this has
roven to be representative during theiqualification testing.

b) description of:

1) how traceability of heat and heat treatment lot is ensured throughout the entire hejt treatment
process;

2) how components within each heat treatment load are identified;

3) how componentsSiused for production testing in each heat treatment load are identjfied.

9.2.4 Documentation of heat treatments

The following'descriptions related to heat treatments shall be included:

a) how'the temperature cycle is recorded and documented;

b) documentation of maximum temperature of quenching bath during quenching;

c) how documentation of the heat treatment loads is carried out [via photographs (preferred) or
loading map];

d) actual location of components used for production testing in each heat treatment load.
9.3 Verification of heat treatment procedures

9.3.1 General

Verification is required for heat treatment procedures in accordance with this document.
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9.3.2 Objective

The objective of the verification is to ensure that the specified parameters in the established heat
treatment procedure are correct by comparing the readings of the furnace temperature-controlling
devices and the temperature-controlling devices measuring the temperature of the load, components

and/or heat

sinks.

The verification shall especially verify that:

a)

throughout their thickness;

the soa
soaking
6.3.8 of

b)

9.3.3 Ext¢

Verification
load and/or
having seve
of shortest 3
to minimise|

Furnaces us

After a maj
monitoring

9.3.4 Pro

9.3.4.1 B{

The verifica
a) For com
at least
andint
be locat
b) For com
and the
surface
atmosp
the sam|
shall be|

all components in a heat treatment load reach the specified soaking (material) temperature

king time is not started before the load/components have actually reached the speg
(material) temperature with the minus tolerance subtracted. For guidance see“se
API RP 6HT:2013 and Annex C.

bnt of verification

shall be carried out for each furnace used for quality heat treatmént using the hea
most densely packed load to be heat treated. Manufacturers or heattreatment contra
Fal heat treatment procedures shall verify the most extreme conditions (e.g. a combin
oaking time, shortest heating time, highest set temperature) in’their procedures, in
the number of verifications required.

ed for stress reliving heat treatment do not require verification testing.

fonfiguration or method, a new verification shallbe carried out.
cedure for verification

ptch furnaces
kion of batch furnaces shall be carried out as follows:

ponents with thickness t €15 mm, contact thermocouples shall be fixed onto the surfg
three components, whiChyare respectively located in the middle of the heat treatment]
wo corners of the load diametrically opposite to each other. For plates, thermocouples
ed in the centre and’in each corner of the plate.

ponents witht.2 15 mm, holes shall be drilled into the components down to mid-thic}

ified
ction

viest
ctors
htion
rder

pr refurbishment of a furnace, or after a furnaceymodification changing the heatipg or

ce of
load
shall

‘ness
cond

thermocouples placed into the holes. The holes should be at least 100 mm from the s¢
of the commponent and shall be sealed with insulating material to avoid contact with t

hot

here. To:avoid damaging the components, heat sinks may be used, which shall be made ffrom
e geénéral type of material as the parts being heat treated. The cross-section of the heat sink
équal to that of the heaviest cross-section of the parts being heat treated, with dimenfions

d)

16

that permit Iocation of the drilled hole as specified in the preceding text. The number and location
of the heat sinks shall be as specified in a) above. For plates, thermocouples shall be located in the
centre and in each corner of the plate.

Readings from the contact thermocouples and, if applicable, inserted thermocouples shall be
compared with the readings from the controlling thermocouple of the furnace by superimposing
the time-temperature curves from the contact thermocouples onto the curve from the controlling
thermocouple.

See the example in Annex C.

The manufacturer shall establish a procedure describing how the verification is proposed to be
carried out, including how the mid-thickness temperature will be checked. The procedure shall be
accepted by the Qualifying Company prior to start of the verification.
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9.3.4.2 Special heat treatment furnaces and related operations

9.3.4.2.1 General
The requirements in 9.3.4.1 d) apply.

It is difficult to control temperature variations in semi-continuous and continuous furnaces. Often it
is necessary to locate thermocouples/pyrometers at additional locations. A pre-test to establish the
variations and decide the final number and location of thermocouples/pyrometers should be carried
out in cooperation with Qualifying Company. For the same reason, it is often necessary to carry out the
verification on more components of different sizes.

The jnumber and location of the temperature-measuring and -recording devices to,be|used at the

veriffcation shall be agreed with Qualifying Company.

The perification shall be carried out on products. A minimum of two surveys.shall be|carried out
with|products representing respectively the smallest (thinnest) and largest fthickest) sizgs to be heat
treatied. For pipe and tubes, different combinations of outside diameter and' wall thickness shall be

veriffed. The components to be used for the verification shall be agreed with Qualifying Co

The temperature readings from the components shall be correlated to the readings of the t¢
controlling devices on the furnace or process, normally by superimposing the resp¢
temperature curves onto each other.

9.3.4.2.2 Semi-continuous furnaces

mpany.

Pmperature-
bctive time-

Thermocouple(s) shall be located at the end of the lead/component which enters the furnace first. The

therinocouple readings shall be recorded as the load/component passes through the furna
and pipes, the thermocouple(s) shall be located:atboth the inside and outside and in the m
for t[> 15 mm. When a load consists of more tomponents, typically tubes/pipes, thermog
be located on three of the components in thelload and located at each side and in the middl
respectively. For plates, thermocouples shall be located in the centre and in each corner of {

9.3.4.2.3 Continuous furnaces

Reco
the f
plate
tom

rding of the material temperatures shall be carried out at the start and end of the soa
lirnace for the most extreme combination of conditions which can be used in the pro
s and strips, three pyrometers or travelling thermocouples shall be used along the w
pasure the temperature at each edge and in the middle.

9.3.4.2.4 Induction furnaces, and forgings, pipes and tubes directly quenched from h
temperature

Pyrometers-shall be used for temperature measurement. The location and number of pyro
used|shall at least be those described in the heat treatment procedure in 9.2.4 c) and d), w

te. For tubes
id-thickness
ouples shall
e of the load
he plate.

king zone in
redures. For
dth, located

ot-forming

neters to be
ith addition

of pyrometers—as Tequired to verify tirat the specified heat treatment parameters, Suct
temperature and minimum soaking time, as relevant, are complied with.

9.3.5 Reporting

as soaking

A report shall be established identifying the furnace verified, describing the heat treatment load used
and the location of temperature-controlling and -recording devices within the load (photograph).
The superimposed time-temperature curves from the contact thermocouples and the temperature-
controlling device(s) of the furnace shall be included in the report with the achieved and minimum
specified equalization (or soaking) times. The report shall include a separate section “Conclusions”
containing clear statements whether the heat treatment procedure is considered satisfactory. If the
requirements of the heat treatment procedure are not met during the verification exercise, the heat
treatment procedure shall be revised.
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9.3.6 Witnessing

The verification of the heat treatment procedure shall be witnessed by the Qualifying Company, who
also shall sign the final report on completion of the verification exercise.

10 Verification of the manufacturing process

10.1 Objective of verification testing

The manufacturing process as described in the MPS shall be verified by testing of products in order to

a) document that the proposed manufacturing route and production parameters result in prO(Iiucts
meeting the specified requirements in the specified MDS or material specification, and

b) verify that the proposed production test sampling gives results which are representative df the
propertfies of the components they represent.

10.2 Essential variables

10.2.1 Genleral

A change il one or more of the manufacturing parameters stated’in/10.2.2 to 10.2.17 requires re-
qualification or supplementary qualification and/or verification tests.

10.2.2 Castings

Requalificatfion is required for a change between the following methods:

a) sand m@ulding (sand castings);

b) ceramid moulding (investment castings, e.g-lost wax, unicast, Shaw method, etc.);
c) graphite moulding (titanium castings only);

d) change from melting in electric furnace + secondary refining to melting in induction furnace using
AOD or pqually refined scrap with Timited use of return scrap;

e) change pf casting technique-between static casting, centrifugal casting or vacuum casting. This is
not applicable to titaniutmcastings that shall always be cast in vacuum;

f) addition or removal'ef'HIP treatment.

Other changes between moulding methods may require requalification.

10.2.3 Fittjngs

Qualification on a welded fitting may also qualify for seamless fittings manufactured according to the
same forming method and parameters, provided the manufacturer of the seamless pipe is qualified.

10.2.4 Forgings

Forgings for qualification shall be representative in geometry of the products to be manufactured.
Typically, separate qualifications shall be carried out for flanges, bars, rings and discs. Also other
component types may require separate qualification as agreed with Qualifying Company.

10.2.5 Heat treatment

Change or refurbishment of the heat treatment furnace within the same premises does not require
requalification, provided the requirements in Clause 9 are fulfilled.
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Arequalification is required if any of the following changes in heat treatment procedure are introduced:

NOTE Requirements specific to titanium components are given at the end of this subclause.

a)

In caes where the heat treatment start and end set temperatures in the soaking zone are d
basiq for verification of the heat treatment procedure shall be the end set temperature. T|
temperature range in such cases is -10 °C to + 30 °C along the soaking temperature curve.

change in heat treatment temperature outside the allowable range:

1) for batch heat treatment: the allowable range of heat treatment temperature is -10

°Cto +30°C

from the soaking temperature applied to the component in the qualification testing;

2) forcontinuous furnaces: the start and end set temperatures in the soaking zone may be different.
In such cases, the heat treatment start and end set temperatures in the soaking zone, with

tolerances, shall be specified in the heat treatment procedure, together with th

e maximum

travel speed of the components through the furnace dependent on thickness and
dimensions;

component

ifferent, the
he qualified

b) ¢hange in heat treatment cycle, e.g. from a one-step to a two-step cycle) or vice versa;

c) teduction of holding and/or soak time to a time shorter than that'established during verification of
the heat treatment procedure;

d) ¢hange from furnace heat treatment to induction heat tréatment, or vice versa;

e) ¢hange from batch furnace heat treatment to continuous furnace heat treatment, or vide versa;

f) ﬂlor hot-finished seamless pipes only: change from furnace heat treatment to direct quench, from

ot finish operation, or vice versa;

g) ¢hange in quench medium from water to-polymer, oil, nitrogen, air and similar, or vice Versa;

h) ¢hange in quenching method from guenching in bath to spray quenching, or vice versa.

For :lmalloyed titanium, i.e. Grades 1-to 4, the essential variables for heat treatment alove are not

applicable as stress-relieving only applies. For other titanium grades, the heat treatmgnt essential

varigbles [a) to h) above] shall@pply unless otherwise agreed with the Qualifying Company

A chiange in furnace atmiosphere is an essential variable applicable to the heat treatf
titanfium alloys.

10.2}6 Hot forming

ment of all

Requalificatién)is required for a change from one forming method to another and a change in forging

templerature.outside the established and qualified tolerances.

Typi¢dlexamples are:

a)
b)
‘)
d)
e)
f)

from rolling to forging, or vice versa;

from closed die forging to open die forging, or vice versa;
from hammer forging to press forging, or vice versa;
from hot pressing to extruding, or vice versa;

from hot to cold forming/rolling, or vice versa;

change in cooling method after hot forming from water quenching to any other cooling

© ISO 2018 - All rights reserved
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:2018(E)

isostatic pressed (HIP) products

Requalification is required for changes in the following:

a) the manufacturer of powder for HIP;

b) reduction in HIP parameters:

— temperature: T =20 °C;

— pressure: p=25%;
— timgs t=59;
c) change |n HIP equipment.

10.2.8 Ind

The intenti
manufactur
each new de

Qualificatio
the largest

It should be
a) the essd
b) bending
c) qualific

d) qualific

iction bending

bn of conformity assessment to this Scheme is to demonstrate the. capability o

livery, is required as agreed with the customer in each case.

h testing shall be carried out on the combination of the smallest-outside diameter (OD)
vall thickness (WT) and on the largest OD with the smallestWT to be bent.

noted that:

ntial variables to start material as given in 10.2.11¢10.2.12 and 10.2.13 apply;

with and without post-bend heat treatment require separate qualifications;
htion of one radius qualifies all larger radii;'but not vice versa;

htion is required for each bending machine.

10.2.9 MalLufacture at different plants and/or locations

If productioj
plant. This 3
HIP operati

10.2.10 Ma

A changein
properties
manufactur

is carried out at differént plants/locations, a separate qualification is required for

ns, welding, etc.

hufacturing equipment

manufacturing equipment as described in the MPS that can negatively influence the prq
Fequiressrequalification. This applies also if the manufacturer has several altern|
ng routes for a product.

[ the

br only. Individual bend-procedure qualification testing, which normally is carried oyt for

with

each

pplies also for a change.in subcontractors for essential operations, such as heat treatient,

duct
ative

10.2.11 Ma

eriat grade

A change from one material grade to another, e.g. a change in UNS number requires requalification
(except for change from UNS S31803 to UNS S32205 and vice versa).

Qualification of a higher strength grade unalloyed titanium will also qualify lower grade titanium.

10.2.12 Melting and refining process

A change from multiple refining (e.g. AOD + VOD or AOD/VOD + ES) to single refining (e.g. AOD or VOD)
requires requalification.

20
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A change in one or more of the variables in Table 1 requires requalification. If any of the essential
variables listed in Table 1 changes, then each grade of material affected shall be requalified.

10.2.14 Strain hardening

In addition to the essential variables in 10.2.2 to 10.2.13, requalification is required for a change of
more than 2 % units on the qualified percentage reduction of area for each dimension as stated in the

qualified procedure.

Table 1 — Essential variables for start materials

Essential variables
p Manufacturer
Type of start of start mate- Change of |Otherhan
e of product . g ges -
vp P material rial shall be |start material | requiring re- zitrl'l:;Zﬁ ts
I1SO 17782 manufacturer | ,qualification q
qualifiedb
All products with- All Yes — — —
out gubsequent heat
treaiment, includ-
ing strain-hardened
products
Bars Ingots and rolled — Yes — From 10.2.12
and forged billets, forged to
blooms and slabs rolled
— From
wrought to
cast
Castjngs — melting | Scrap and ingots — Yes From scrap to 10.2.12
in influction furnace ingots, or vice Lertificate
withjout secondary versa t¢ EN 10204
refining tlype 3.1 or
SO 10474
type 3.1 mini-
mum
Induction-bent Seamless and Yes — Change from —
bends and spools welded pipes and seamless to
tubes welded
Forglings all types Ingots and rolled Optional Yesa — From 10.2.12
inclyding fittings, and forged bars, forged to
fastgners and ring | billets, blooms and rolled
rolled products slabs
— From
wrought to
cast
— From heat
treated
condition
or semi
heat
treated
condition
to un-
treated
condition
HIP Powder — Yes — 10.2.12
© IS0 2018 - All rights reserved 21
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Table 1 (continued)

Essential variables
T p Manufacturer
Tvpe of product ype of start of start mate- Change of | Other changes )
yp P material rial shall be | start material | requiring re- gitrheelflzgts
I1SO 17782 manufacturer | qualification q
qualifiedb
Plates Slabs, billets and — Yes A change from 10.2.12
blooms ingot casting
to continuous
\.aatius Ul V;LC
versa
Seamless fitfings Plates and seam- Optional Yesa — 10)2.12
including dighed less tubes
heads
Seamless pipes and Billets — Yes — 10.2.17
tubes
Welded fittings in- Welded pipes, Optional Yesa == 10.2.1%
cluding dish¢d heads| plates and strip
Welded pipep Plates and strip Optional Yesa — 10.2.1%
a The requifement may be disregarded if:
1) the panufacturer of the start material holds a valid ISO 17782/NORSOK M-650 Edition 4 qualification
for the specific start material used, or
2) the rhanufacturer can document that the specific start niaterial from a manufacturer has already peen
used|in other qualifications for the same grade of material:
b Manufactfirers qualified to NORSOK M-650 Ed. 4 are also.acceptable.
10.2.15 Thickness and mass limitations
The maximym qualified mass and thickness(shall be according to limits given in Table 2, but shall jn no
case exceed|the limits specified in the MPS.
[Fable 2 — Maximum qualified thickness and mass for applicable products
Maximum Maximum Mass of tested Maximujm
Tvpe of Tvhb®of tested thick- qualified component | qualified mass
yp YPEKC ness thickness m kg
produfrt nmaterial
t mm kg
mm
High alloyed auste- t+25%
L t<40
nitic SS, max. 40 mm N/A N/A
Strip, plate, pipe, Ni-alloys & SS type
tube, wrought#t 25Crduplex t>40 t
tings, dished heads 60 t+25 %
- t<
and cold-bentbends | gq e 550k duplex max. 60 mm N/A N/A
and spools
t>60 t
Titanium t t+25% N/A N/A

different from this table.

NOTE The qualified thickness of an applicable welding procedure depends on the weld qualification standard and can be
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fastdners

Maximum Maximum Mass of tested Maximum
tested thick- qualified component | qualified mass
Type of Type ?f ness thickness m kg
product material
t mm kg
mm
< 0,
High alloyed auste- t<60 t+10% m < 250 m + 100 %
nitic SS, max. 60 mm m> 250 All
Ni-alloys + SS type m < 250 m + 100 %
25Cr duplex t>60 t LT All
Cast|ngs, forgings, £<120 t+10% m <250 m+100 %
bars| and HIP - max. 120 mm m> 250 All
SS type 22Cr duplex
m < 250 m + 100 %
t>120 t
ms 250 All
o m< 150 n+ 100 %
Titanium t t+25%
m>150 All
The capability of the manufacturer'is considered to be the combi-
Indujction bends All nation of the smallest outside didmeter (OD) with the largest wall
thickness (WT), and the largest OD with the smallest WT tested
t+25%
t=<60 max. 60 mm
Inveftment castings All as for the rel- N/A N/A
t>60 evant material
under castings
Fastgners in t+10%
t <60
solution-annealed SS type 25Crand max. 60 mm N/A N/A
" Ni-alloys
condition t> 60 t
Strajn-hardened
products including All t t N/A N/A

NOTE

The qualified thickness of an applicable welding procedure depends on the weld qualification standqrd and can be
different from this table.

10.2}16 Welded products

Requalification is-required in case any of the following changes in welding procedure spgcification is

intrgduced:

a) ¢hangefrom double-sided to single-sided welds;

b) ¢h@nge in welding process or combination of welding processes;

c) change from addition of filler material to no addition;

d) change in filler classification in accordance with ISO 14343 or ASME II Part C.

10.3 Qualification testing

10.3.1 Selection of components for testing

The selection of components for testing and test sampling shall be as agreed with Qualifying Company.

Components for testing shall be selected with a section thickness so that the desired section thickness
according to Table 2 is qualified. Except for castings and HIP components, the components shall be
representative in geometry of what actually is to be manufactured. Castings and HIP components

© ISO 2018 - All rights reserved
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selected for testing shall be actual products, i.e. not test blocks. For castings, qualification should be
carried out on a cored component, e.g. a valve body.

For forged flanges, contour-forged valves and similar products where production testing is planned to
be carried out on an integral prolongation, such a prolongation shall also be integral to the qualification
test forging.

Components for testing shall be from regular production or from test production, and shall be
manufactured according to the normal manufacturing route and with regular production equipment.
Components shall be tested in their final manufactured condition except that machining, as applicable,

does not need to be carried out. Strain-hardening, threading and similar operations affecting the
£

pl‘operties the \,uulyuucuto shat-be-carrtedotutbefore tcotius.

10.3.2 Testing

10.3.2.1 Vérification of test sampling and test record

All extractipn of test samples and testing specifically related to the qualification tests shalll be

witnessed by the Qualifying Company or a party authorised to act on behalf ofthe/Qualifying Company.

For corrosign tests and metallographic examination the test reports need only to be reviewed and

accepted. Inspection certificates according to ISO 10474 Type 3.2 or EN 10204 Type 3.2 shall be isgued.

10.3.2.2 Extent of testing for qualification

Testing for qualification shall as a minimum comprise:

a) production testing with test sampling as specified in the*applicable standard, material specification,
MDS anfd/or the MPS;

b) additional testing for qualification according toable 3;

c) for forged flanges, contour-forged valves and'similar products with integral prolongations: testing
on both|the prolongation and the product itself;

d) non-dedtructive testing as specified in applicable material specifications.

The type of|tests to be performed and minimum requirements shall be as specified in the applifable

material spgcification.

10.3.2.3 Requirements for'materials requiring impact testing

For materials requiring;impact testing, the requirement for base material shall be 20 ] higher than the

production fest requirements. This does not apply to the additional testing specified in 10.3.3 or tp the

testing in pgsition.2.for flanges.

For qualificqtion of dimensions outside the range specified in applicable standard, material specifichtion

and/or MDS, special acceptance requirements may be agreed, e.g. exception to the requirement for the
impact test results to be 20 ] higher during qualification than the production test requirements. In such
cases this shall be clearly stated on the MPCR front page.

10.3.2.4 Acceptance of production testing from integral prolongations from forged products

To accept production testing to be taken from the prolongation, the test results from the prolongation
shall be representative of the properties obtained from the same position of the sacrificial product.
It is at the discretion of the Qualifying Company to decide what is “representative”, i.e. an acceptable
difference between results from tests located in the prolongation and in the product itself.
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Additional testing shall be carried out as required in Table 3.

For all materials having section thickness £ > 50 mm and requiring impact or corrosion testing specified
in the applicable standard, material specification and/or MDS, additional testing shall be carried out as
follows, using specimens located in the mid-thickness position (t/2) and at a distance from any second
surface of t or at least 100 mm. Forged and rolled bars shall be tested in one end and in the mid-length

position.
a) Impact testing in axial and tangential directions: the minimum absorbed energy shall be 27 J/20 ]
f:nrnr:lgnl/cing]n va]npc) tested at maximum —46 OF;
b) Corrosion and micro-examination in accordance with the requirements specified-in.the applicable
gtandard, material specification and/or MDS.
It is tecognised that for certain applications, corrosion properties and microstructure in mjd-thickness
are not important for the functionality of the component as agreed with, purchaser ani Qualifying
Company. In such cases it may be agreed that the tests shall be carried out for information only, and a
notejabout this shall be included on the MPCR front page.
Table 3 — Testing required for qualification
Itern Type of Sample for ). o .
No product production test Additional tests for qualification
Test sampling as Type, numberand location of tests as specified injapplicable
specified in applicable |Standard;fiaterial specification and/or MDS unlgss other-

1 standard, material wise specified in this table.

specification, MDS and/| additional testing as agreed by purchaser or Qualifying
All products |or the MPS. Company.
A sketch shall be prepared with dimensions of production test samples anfd compo-

2 nents tested for qualification. The location and orientation of test specimgns shall be
shown. The compoenents used for qualification should in addition be docurpented with
photographs.

Tests shall be carried out at one end and at the mld-length
Bars — Rolled |Cut fromover-length position of one bar. Addltlonal_testhg according o 10.3.3
3 shall be carried out when section thickness ¢t > 50 mm for all
and forged |ofbar . L : : :
materials requiring impact or corrosion testing according to
applicable standard, material specification and/qr MDS.
Tests from thin and thick sections of a sacrificial pasting.
[ B
! t/4 t/4
Integral or gated test V2 ;
blocks. See figures i ; ¢ !
4 Casti next column. Produc- t/4 / /T\\ /2
astings tion test blocks shall ! [ 1 ) }
be tested as part of the Ll ’\F” Y T "
qualification testing. /4 \ | 2
i ; f
Integrated ! Gated
Test Block Test Block
Tests shall be carried out from the over-length and from the

5 Dished heads From over-length of deformed area of the component. For dished heads made of

the component plates and welded together prior to forming, the tests shall
include a weld.
a  Qualification of fasteners machined from bar may be omitted or limited as agreed with purchaser.
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Table 3 (continued)

Ilt\leom ;')rr}',(?:u(::ft prggrl:lclili(eniotl;st Additional tests for qualification
Distinction is made between
a) Forged and heat treated fasteners.
As specified in the b) Fasteners machined from bar in heat treated or strain
applicable standard hardened condition.a
6 Fasteners ’

material specification
and/or MDS

Qualification testing shall be carried out according to
AnnexD.

Verification shall be carried out of the bars used for manlllfac-
ture of fasteners in strain hardened condition according to
Table 3, item 15.

Qualification testing shall encompass testingf asacrificjial
flange in both the flange neck and flange rifng, position 1
(tu /2) and position 2 (tg/2) respectivelyrasishown in the|fig-
ure. ty = mid-thickness of hub in a distance tg/2 or minimjum
50 mm from the weld end. tg = thickness of flange ring.
position 1 impact testing, as applicable, shall be taken in poth
axial and tangential directions.{fnot otherwise specified in

the applicable standard, mafetial specification and/or MPS
the minimum absorbed energy for impact tests in Pos. 1, fan-
gential direction, shall\besminimum 27 J/20 ] (average/single
values) tested at -46.°€:

tg
Fl —all j
apses —all o rificial flange or an
4 manfufacturing integral prolongation
npethods graip & Ny
m
N
—PO0S 2
POS 1 ts/2 or
250 mm
I}
W ]
I
Additional testing according to 10.3.3 shall be carried ouft
1T section thickness ¢ > 5U mm for all materials requiring
impact or corrosion testing according to the applicable stand-
ard, material specification and/or MDS. Other additional
. testing may be required depending on shape and functional-
g | FOr8iNgs— g, rificial forgi ity of the forgi d with purch d Qualifyi
closed die acrificial forgings ity of the forging as agreed with purchaser and Qualifying

Company. Tees shall be tested both on one end and in the
crotch area. For sleeves, nozzles and similar products the
qualification tests shall be carried out on a component with
the heaviest WT and smallest ID. The thickness limitations in
Table 2 shall still be considered.

a  Qualification of fasteners machined from bar may be omitted or limited as agreed with purchaser.
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Table 3 (continued)

Item
No.

Type of
product

Sample for
production test

Additional tests for qualification

Forgings —
open die

Tests from prolongation
on actual forging or
from sacrificial forging

Additional testing according to 10.3.3 shall be carried out
when section thickness ¢t > 50 mm for all materials requir-
ing impact- or corrosion-testing according to the applicable
standard, material specification and/or MDS. Other addition-
al testing may be required depending on shape and function-
ality of the forging as agreed with purchaser and Qualifying

Company. Tees shall be tested both on one end and in the
crotch area. For sleeves, nozzles and similar products the

qualification tests shall be carried out on a compgnent with

the heaviest WT and smallest ID. The thicknessTi
Table 2 shall still be considered.

itations in

10

HIP compo-
nents except
flanges

Integral test blocks.

Testing shall be made from thin and thick sectionfs of a
sacrificial product. The figure showS,proposed ggometry of
sacrificial component for qualifigation covering allso flanges.

Additional testing according te~10.3.3 shall be ca
when section thickness ¢ > 50;mm for all materia
ing impact- or corrosion-testing according to the

standard, material specification and/or MDS. For|sleeves,

nozzles and similar products, the qualification te
be carried out on-a'.component with the heaviest
smallest ID. The thickness limitations in Table 2 s
considered.

Branch/weldolet Thick section

N

Thin section

tor 100
wicheve

Hrolongation

'ried out
s requir-
applicable

5ts shall
WT and
hall still be

Production
Test material

mm
is less

ek

Flange Production

Test sample

a

Qualification of fasteners machined from bar may be omitted or limited as agreed with purchaser.
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Table 3 (continued)

Item Type of Sampl_e for Additional tests for qualification
No. product production test
From the over-length |a) Bends subject to post-bend heat treatment: As specified
of the bend or from a for wrought fittings, Table 3, item 20 with addition of
Induction bend |sacrificial bend. The dimensional inspection and non-destructive examination
11 | pipe spools and |over-length for testing according to Annex E;
bends shall have undergone
the same heating cycles |b) Bends delivered in the “as-bent” condition according to
as the bend. Annex E.
Botlrendsomrone p}atc sthrattbetested-with-threesetsofests
12 Pl Cut from over-length  |at each end, located in the middle and at each edge. Table|3,
ates . oo . : .
of plate item 1, specifies location of test specimens with refexence to
the applicable material specifications, MDSs etc.
Tests from prolonga- | Additional testing according to 10.3.3 shall b&earried oult
13 Ripg-rolled |[tion on actual forging |when section thickness exceeds 50 mm for\all materials
products or separate forged test |requiring impact- or corrosion testing aceording to appli¢able
ring standard, material specification and foryMDS.
One pipe/tube in the upper thickness’range specified in the
MS shall be tested at one end and.at the mid-length position.
14 Seamless pipe |Cut from over-length . ] ] ] ]
ahd tube of pipe Additional testing of a pipe/tibe with the smallest diamdters
and heaviest wall thicknesses may be required at the dis¢re-
tion of the Qualifying Company.
Testing of strain hardened products consists“efa) testing of the strain hardened pfod-
ucts themselves and b) verification of the strain hardening process.
a) Testing of strain hardened products
Testing shatl be as specified for rolled and forged bars in
Table 3, item 3. In addition the following tests shall be caf-
ried out:
Cut from over-length | 13- Shardness tests of the cross-sections using HV10 [with
of the strain-hardened 2 mm spacing;
mother bar or from a
sacrificial part 2) materials requiring impact testing with dianeter
>12 mm: One set of impact tests located as close t¢ the
) surface as possible. Testing requirements as specified in
15 Strpin-hard- 10.3.2.3.
enedl products
b) Verification of the strain hardening process
TheVerification shall be carried out by strain hardening and testing of three bars
wijthin the dimensional range to be qualified. One bar each shall be from the lowey and
upper end of the dimensional range to be qualified and on bar shall be from the m{ddle
of the range. The strain hardening shall be carried out according to the parameterfs
specified in the MPS or its referred procedures. The verification shall be witnessef by
the Qualifying Company. Testing shall be carried out as specified in Table 3, item 15 a).
A-verificationreportshall be-established-witha-deseription-of the strainhardenidg
equipment and parameters used and dimensions of the bars used for the verifica-
tion. The test report from testing of the strain hardened bars shall be attached to the
verification report, which shall be signed by the strain hardening manufacturer and
Qualifying Company.
a  Qualification of fasteners machined from bar may be omitted or limited as agreed with purchaser.
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less and welded

fittings, test plates
welded as a prolonga-
tion of the fitting weld

Item Type of Sample for . o o
No. product production test Additional tests for qualification
Cut from over-length Each section of strip used for qualification shall be tested
16 Strip . 8 with three sets of tests at both ends, located in the middle
of strip
and at each edge.
Weld and base materials shall be tested at one end and in the
Cut from over-length of | mid-length position on one pipe in the upper thickness range
17 Welded pipe |pipe or from test plate specified in the MPS.
and tube welded as prolongation | Additional testing of a pipe/tube with the smallest diameters
of the pipe/tube weld  and heaviest wall thicknesses may be required-af the discre-
tion of the Qualifying Company.
Cut from sacrificial One fitting of each type shall be tested at'one end as a mini-
Wrought fit- fitting, over-length of |mum. In addition, different locations with different deforma-
18| | tings _g seam- fitting or, for welded tion ratios should be tested, e.g. inn€r‘and outer rfadii and

neutral zone for elbows. Tees shall be tested botH on one end
and in the crotch area. For welded fittings, testing shall com-

prise base material and weld(s)

a Dualification of fasteners machined from bar may be omitted or limited as agreed with purchaser.

10.4

The qualification exercise shall include the supporting WPQR for the WPS for the following]

Welding procedure qualifications

a) elded products in accordance with the applicable'standard, material specification angl/or MDS;

b) fepair welding of welds in accordance with the*applicable standard, material specification and/or

c) minor and major repair welding of castings as defined in the referred product standard.

MDS;

11 Manufacturing procedure conformity record (MPCR)

11.1 General

The manufacturer shallrestablish a manufacturing procedure conformity record with content as listed
in 11,.2. One MPCR shall'be established for each production route, type of product, grade of material and
size range, if not otherwise agreed with Qualifying Company. The language to be used ir] documents
included in an MPCR and essential procedures referred to in an MPCR shall be English. Documents may
also pe establistied as bilingual documents.

The MPCRshall be issued with document and revision numbers and shall have a front page[with format
and ¢ontent as shown in Annex G.

It is essential that all documentation shall be accurate, specific and in accordance with this document.
The documentation shall otherwise be rejected, and thereby also the qualification.

11.2 Content of manufacturing procedure conformity record (MPCR)

The MPCR shall contain the following:

a) MPCR front page. See format and content as shown in Annex G.

In the row "Other information" of the MPCR Front Page, possible comments, etc. which are essential for
the assessment of the MPCR shall be stated.
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A statement that heat treatment verification, see 9.3, has been carried out with reference to the
corresponding heat treatment verification report shall be included:

b) Sect.1

c) Sect.2

Table of contents;

Applicable standard, material specification and/or MDS used as basis for the conformity
assessment. Make reference to actual standards as ISO, EN, API, ASTM, NORSOK, etc. see
Reference [2].

d) Sect.3 Manufacturing Procedure Summary, see Clause 8, including:
1) process flow chart;
2) skefches showing typical samples, with dimensions of production test samples andNocption
and orientation of test specimens;
3) profedure for microstructure examination, see 8.2.2 n) 5);
4) list|of applicable procedures with revision numbers;
e) Sect.4 Heat treatment procedure, see Clause 9, including:
1) repprt from the verification of heat treatment procedure, see 9.3;
2) repprt from the temperature uniformity test, see 9.1.3 and Annex B;
3) profedure for temperature uniformity survey, see 9.1.3and Annex B;
f) Sect.5 Results of qualification testing, including:
1) desgription of component(s) tested for qualification. Sketch(es) shall be prepared showing
dimensions of test sample and location and orientation of test specimens;
2) heat treatment chart(s) from heat treatménts of the components used for the qualificption
testing;
3) testreports with results from qualification testing;
4) start material certificate (when applicable);
g) Sect.6 WPSs and WPQRS$
1) welded products: a list of WPSs/WPQR with revision numbers shall be included;
2) castings: the actual WPS/WPQRs for repair welding of minor and major repairs shall be
included;
h) Sect.7 Specific reference list, including statistical data, see 7.1.2.
i) Sect. 8 Documentation of qnn]ify assurance system:
1) certificate(s) in accordance with ISO 9001 also from main subcontractors;
2) certificate of compliance to PED 2014/68/EU, Annex I, 4.3, if applicable.
3) for laboratories: ISO/IEC 17025 accreditation certificate with definition of the scope of the
certificate, see 7.4.1 a). Alternatively, statement of conformity together with the filled-in
Annex F form, see 7.4.1 b).
j) Sect.9 MOM(s) from visit(s) to manufacturer by Conformity Assessment Body, as required in 5.3.
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11.3 Required copies and distribution of manufacturing procedure conformity record

After acceptance, one electronic copy and one paper copy shall be issued to the purchaser having
initiated or ordered the conformity assessment of the manufacturer, and to the Qualifying Company, if
different from the purchaser, which monitored the conformity assessment and accepted the MPCR by
signing the MPCR front page.

End users and purchasers intending to accept an MPCR initiated or ordered by others shall be given
the possibility to review the subject MPCR. Whether this shall be carried out at the manufacturer’s
premises or by submitting the MPCR to the requesting body is at the manufacturer's discretion.
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Annex A
(informative)

Manufacturing Procedure Summary front page and examples

A.1 Example of information to be included on the front page:

Actual plants, locations and equipment facilities where this procedure is relevant.

Product(s): e.g. CLOSED-DIE FORGINGS
Specification(s): e.g. NORSOK M-630, MDS D44 Rev. 4
Limitations in the procedure:

Mass:

Length:

Thickness:

Other:

Qualification documentation: Ref. to the relevant document(s)/reports/test result(s) which
confirm that-manufacturing of materials in accordance With
this pradedure will ensure satisfactory results per the actual
specification.

Other relevant information:

Revision: Date: Made by: Checked by: Approved by:

Manufacturing Procedure Summary No.:
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A.2 Example of Manufacturing Procedure Summary (4 pages)

Doc. No.: MS-03
Page 1 of 4
MANUFACTURING PROCEDURE SUMMARY
TEE MADE BY FORGING
Seamless pipe
Size 1” to 24”/Thickness 10 mm to 31,25 mm
ASTM A 815 UNS S31803 — MDS D43 REV. 24
(Prototype Tee 6” sch. 160)
No. Phase Description Procedure
Pipe to ASTM A790 S31803
ificati MDS D41
1 Identlflcatlpn of b0Q-05
base material N=0,14 % to 0,20 %
Manufacturer:
PMI 100 % raw material. PMI-01
Cutting Cutting to required length by saws P0Q-09
Identification Hard-stamping of last two digits of heatnumber
4 . P0Q-05
marking
Heating at xxxx °C to xxxx °C;
holding time minimum 1 min for @ach mm thickness. b0Q-09
5 ||Heating Temperature controlled by gptical pyrometer. 1.0.13
Equipment = furnace blossNo. 3; furnace gibbon No. 2
Ovalisation of pipe hyrpressing b0Q-09
6 [|Ovalisation Equipment = 60 ;400 t; 150 t; 200 t; 250 t; 300 t; 400 t; 900 t; L0.13
1200t. "
Reheating at xxxx °C to xxxx °C, holding time minimum 1 min for b0Q-09
7 ||Re-heating each mm.thickness.
Temperdture controlled by optical pyrometer. 10.13
Fonging by presses
Start forming temperature xxxx °C to xxxx °C b0Q-09
8 ||Forming Equipment = 60 t; 100 t; 150 t; 200 t; 250 t; 300 t; 400 t; 900 t;
1.0.13
1200t.
After forming, the temperature shall not be less than 950 °C.
9 ||Cooling Quenching in cold water.
10 [ |Cutting hole Cutting of bulge.
Re-heating at xxxx °C to xxxx °C holding time minimum 1 min for
: POQ-09
11 |Re-heating each mm thickness.
Temperature controlled by optical pyrometer. 10.13
Extrusion of branch by press
POQ-09
12 |Extrusion After extrusion, the temperature shall not be less than xxxx °C. L0.13
Re-heating at xxxx °C if more than one step is necessary. o
13 |Cooling Quenching in cold water.
14 |Cutting Cutting to final dimensions by plasma, except section connecting
test samples to body of tee
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Doc. No.: MS-03
Page 2 of 4
MANUFACTURING PROCEDURE SUMMARY
TEE MADE BY FORGING
Seamless pipe
Size 1” to 24”/Thickness 10 mm to 31,25 mm
ASTM A 815 UNS S31803 — MDS D43 REV. 4
(Prototype Tee 6” sch. 160)
No. Phase Description Procedure
Heat treatment: Solution-annealing in gas-heating furnace
Equipment: Sottri truck-hearth with dimensions of:
Furnace loading temperature: room temperature
15 Heat treatment Heating rate: xxxx °C/h (above xxxx °C) HT-01
Holding temperature: xxxx °C
Holding time: 1h/1” wall thickness or minimum<{5 min
Quenching: In cold water maximum xxxx °C within 60 s.
16 Shot blasting Stainless steel grit.
MDS D43
17 Sampling Removal of material for test samples. Test sample plan
N° SP-01]
MDS D43
18 Mgchanical test According to NORSOK MDS D43 Test sample plan
N° SP-01]
Immersion in acid solution at temperature of xx °C
19 Pickling Equipment=N® 2, pickling bath dimensions PK-01
900 mmx,600 mm x 1 000 mm
20 Machining Working of the ends as per purchase order
Accerding to ASTM A815 Supplementary requirement S7
ASME VIII Diiv.1
21 Dye|penetrant test & Acceptance criteria: ASME VIII Div.1 Apn 8
100 % of the fittings PP
22 PMI 100 % of the fittings PMI-01
23 Marking Marking by low-stress stamping according P.O. MDS D43
P0OQ-05
24 |Visualanmddimensional] By catibrated equipmernt
Drw. No. 972
25 Pickling Re-in_nmersion in acid solution for final cleaning and pas- PK-01
sivation
26 Final dossier Inspection certificate plus NDE certificates EN 10204, 3.1
27 Packing According to order requirements ASTM E700
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Revision No.:

Date:

Made by:

Approved by:

NOTE Flow chartis shown on page 4

coloured route.
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Doc. No.: MS-03
Page 3 of 4

MANUFACTURING SEQUENCE FOR SEAMLESS TEES DWG N.972

1) RAW MATERIAL

|
2) FORMING ﬂ,f,f,f{ ,,,,,, B
‘
|
} i
3) BRANCH SIZING (BY PULLING) i B J‘ﬁ,,,i,_
| |
i ‘a_|_2
<] ‘ D>
4) HEAT TREATMENT A 1o |
|
w0

5) MACHINING (BEVEL)

6) VISUAL & DIMENSIONAL CHECK
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Example of manufacturing flow chart
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Manufacture flow chart for elbow and tee manufacture

SEAMLESS PIPE
I
CUTTING
I
MR
ELBOW BY FORGING ELBOW BY MANDREL TEE BY EXTRUSION
REDUCING AND CAP
| HEATING
HEATING
HEATING :
| OVABIZATION
OVALIZATION RE -HEATING .
(ELBOWS ONLY) PANDING . <
| FORMING
RE-HEATING :
(ELBOWS ONLY) DR OE
| CALIBRATION
FORMING CUTTING HOLE
| QUENCH HEATING
QUENCH :
EXTRUSION
| CURTING OF ENDS T
CUTTING OF ENDS QUENCHING
CUTTING OF ENDS

HEAT TREATMENT

SAMPLING

MECHANICAL TEST

PICKLING

MACHINING

N.D.E. EXAMINATION

MARKING
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FINAL CLEANING

FINAL DOSSIER

PACKING

Doc. No.: MS-03

Page 4 of 4
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Annex B
(normative)

Temperature Uniformity Survey — Additional requirements to

Annex M of ISO 10423:2009 and ASTM A991-10

B.1 Gene€

A temperat
accordance

NOTE Fq

a) The alt
ASTM A
not accq

ral requirements

ire uniformity survey (TUS) of quality heat treatment furnaces shall be perform
with ISO 10423:2009 or ASTM A991-10, with the following additional requirements.

r the purposes of this requirement, API 6A:2010 is equivalent to ISO 10423:2009.

ernatives of attaching thermocouples to the extremities of eagh’load as describg
991-10, 1.4, or the alternative surveying techniques as described in”ASTM A991-10, 7.
ptable as an alternative to the specified temperature uniformity survey.

b) The temperature uniformity survey shall be carried out at the<maximum set-point temper

for the
maximy
c¢) Thedoqg
the wor
ISO 104
NOTE
d) A unifo
solution
e) Thema
B.2 Batcl
The followiy

a) for furn
point sH
working

materials being qualified per this document, which will*be processed in the furnace
m limit of 1 100 °C stated in ASTM A991-10, 6.1.1.2, shall not apply.

umentation of the temperature uniformity surve§shall include a sketch of the furnace
king zone of furnace and the number and location of thermocouples used for the surve
23:2009, M.3.3, or ASTM A991-10, 8.2.7 and.872.8.

For the purposes of this requirement, AP1.6A:2010 is equivalent to ISO 10423:20009.

Fmity survey shall be performedsannually on the actual furnaces cited in the MP
heat treatment.

hufacturer shall establish,aprocedure for carrying out the temperature uniformity su

n type furnaces

1g additional requirements to ASTM A991-10 apply:

all not vary by more than £14 °C from the furnace set-point temperature after the fur
y zone-has been brought up to temperature;

b) for furn

bd in

ed in

/, are

hiture
The

with
7, see

S for

vey.

aces with Set"point temperature in the working zone above 800 °C, the temperature aft any

nace

aces with set-point temperature in the working zone below 800 °C, the temperature

shall

not vary by more than +#8 °C from the furnace set-point temperature after the furnace working
zone has been brought up to temperature;

c) once the furnace temperature has reached the set-point temperature, the temperature of all test
locations shall be recorded at maximum 2 min intervals for at least 10 min, then readings shall
be taken at maximum 5 min intervals for sufficient time to determine the recurrent temperature

pattern

of the furnace working zone for at least 30 min.

B.3 Continuous and semi-continuous conveyance furnaces

The temperature uniformity check may be carried out as verification of the heat treatment procedure,

see 9.3.
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In any case, the following requirements apply:
a) the survey shall verify that:

1) the specified heat treatment temperature for a material can be kept uniform within the
specified tolerances through the soaking zone of the furnace, as defined in the heat treatment
procedure;

2) the component travel speeds defined in the heat treatment procedure result in the minimum
specified soaking time being achieved, measured from when the set temperature is reached.

b) the temperature survey shall be carried out on actual products. A minimum of two surveys shall be
¢arried out with products representing respectively the smallest (thinnest) and largest (thickest)
gizes to be heat treated.
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Annex C
(informative)

Verification of the heat treatment procedure — Example

A comparison of time-temperature curves of the contact thermocouples (three-off) fixed to the load
itself with the furnace thermocouple is shown in Figure C.1. Note the time difference to reach set

temperatur¢ between the furnace thermocouple and the contact thermocouples fixed onto the lgagl.
°C Start of holding time and soaking time during verification of heat treatment procedures
1135 ' ' ' ' ' ' ' Soaking time starts after the slowestthenmoeouple in the
. I I
Heat treatment (soaking) temperature: | | heat sinks has reached the minimum specified soaking
1130 L 1120 +30/-10 deg. C | | temperature, i.e. 1120 - 1021110 deg. C N
: : : | I I I
I I I | I I
I I I } \/\,_I—I_—\
1125 ff-—domode b {
I I I
I I I I
I I I I
I I I I
1120 + - = +
I I I I
Furnace thermocouples ! 4 4
Zone 1 equalization time
1115 4 Zone 2 T i
Zone 3
110 4+ Y —tl A
|
I
1105 e L
T p Thermocouples I :-
located in the heat b |
sinks | | |
1100 4--- S S R S—
I I I : I
1 1 1 1
1 1 T 1
1095 +J-—— R ! ! I_____:___ holding time . _ _ _ |
I I i I
I I I | I
I I I | I
1090 ' PRI BN T T AN T T U N T T TN A WO T (U T
420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500
Min.
Figure C.1 — Comparison of time-temperature curves of contact thermocouples and furngce
thermocouples during heat treatment
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Annex D
(normative)

Fasteners

Annex D summarises production testing and additional testing for qualification.

Production testing: AS Specitied In the appiicable standard, material Specification. a
Faste¢ners machined from bar material may be certified using test data which are transferi

origin

Qualification testing shall be carried out after threading as shown in:

nd/or MDS.
ed from the

al and solution annealed bar material or the strain hardened bar material, whichever is applicable.

— Table D.1 — Qualification testing of headed bolts hot forged and subsequiently heat treated;
— Table D.2 — Qualification testing of headed bolts machined from barin heat treated condition;
n hardened

— Table D.3 — Qualification testing of studs made from bars iy heat treated or stra
¢ondition;

— Table D.4 — Qualification testing of nuts machined from bar or forged and heat treated;

© ISO

2018 - All rights reserved
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Table D.1 — Qualification testing of headed bolts hot forged and subsequently heat treated

Hex bolts Hex bolts
t=37 mm t<37 mm
Type of testsab Figure D.1
Shank Head Shank Head
Impact close to surface C
% d tensile longitudinal A+G
¥ d tensile longitudinal B+H
% d impact longitudinal A+G
% d impact lpngitudinal B B+H
1, d impact angentialc E D D
% d micro trpnsverse A+G
% d micro trjansverse B B+H
G48 from sufface to mid
. F F
thickness
. ) In addition to qualification testing of
Wedge tensile testing the largest size to be qualified, wedge
Test method|according to tensile testing shall be carried out on a Required
ASTM A370414, Annex 3. fastener with diameter equal or close
to @ 37 mm

Rockwell C hardness (HRC) Figure D.4 Figure D.4
a  Specimens shall be located at a distance t or 100 mm, whichever is less{or at mid-distance, from any second surfage.
b “g” = shaft diameter for bolts; “d” = “t” for heads, ref. Figure D.1.
¢ For“d” o1 “t” 2 60mm only.

N I<—A \L
B/ e —,F,,’,,,—,,, — — —— — ) G a I@/
iy S T1 R N s S St == =y & 2
4 --l]\.

F:Mid-thickness or
aepth’max. 50 mm

Figure D.1 — Location of test specimens for forged hex bolts

R‘\ C: As close as possible to surface
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