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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.
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Welding — Quality requirements for heat treatment in

Cco

1

nnection with welding and allied processes

Scope

This document provides quality requirements for heat treatment in air or controlled atmospheres
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document provides guidance for manufacturers that perform heat treatment
treated products or components. This document can also be used as a lpasis for a
facturer in respect to its heat treatment capability.
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rement is not applicable to a specific process. This document is inténded to be a flexible
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2 Normative references

The following documents-are referred to in the text in such a way that some or all of t
constitutes requirements,of this document. For dated references, only the edition cited
unddted references, the'latest edition of the referenced document (including any amendme
IS0 4885, Ferrousanaterials — Heat treatments — Vocabulary

ISO 13916, Welding — Measurement of preheating temperature, interpass temperature
maintenagnoe'temperature

IEC 40584-1, Thermocouples — Part 1: EMF specifications and tolerances

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4885 and ISO 13916 and the
following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/
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manufacturer
person or organization responsible for heat treatment of products or components

3.2

loading temperature
temperature of the furnace at the stage when the product or component is put into the furnace

3.3

holding temperature
temperature at which the product or component is kept in order to achieve the specified properties

Note 1 to ent
thickness.

Note 2 to ent

34
holding tim
time the prd

Note 1 to ent
value of the
temperature

Note 2 to ent

3.5

unloading {
temperaturg
removed or

3.6

section ten]
temperatursg
points

4 Reviey

4.1 Gene

The manuf4
with any ted
operations

capability td

y: Normally, the holding temperature is expressed as a temperature range.

e
duct or component is kept at the holding temperature

"y: The holding time starts when the temperature at all measuring points has reached the minj

range of the holding temperature and stops when one of the nieasuring points falls below

Fy: The holding time depends on the type of heat treatment,inaterial and material thickness.

emperature
e of the product or component when it is taken'out of a furnace or when the heat souj
switched off in any other heat treatment, e\g. local heat treatment

perature range

v of requirements and technical review

ral

cturer shall'review the contractual requirements and any other requirements tog
hnical ddatat This is to ensure that all information necessary to carry out the heat treat
s available prior to the commencement of the work. The manufacturer shall affir
meet’all requirements and ensure adequate planning of all quality-related activities.

ry: The holding temperature depends on the type of heat treatment, type of material and malterial

mum
that

rce is

e range with a specified linear(distance that can vary between two adjacent measfiring

bther
ment
n its

The review
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ithin

its capability to perform, that sufficient resources are available to achieve delivery schedules and that
documentation is clear and unambiguous. The manufacturer shall ensure that variations between the
contract and previous quotation are identified.

4.2 Review of requirements

Aspects for

consideration shall include the following:

a) product standard used, together with any supplementary requirements;

b)

c) anyadd

statutory and regulatory requirements;

itional requirement determined by the manufacturer;
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d) capability of the manufacturer to meet the prescribed requirements.

4.3 Technical review

It shall be ensured that all necessary information has been supplied by the purchaser. Aspects for
consideration shall include the following:

a) application standard being used and appropriate drawings;

b) location and accessibility of the product or component being heat treated;

c tywpaofmarkina oftbha nroduct o co oot bhatnagbhaot +raq+ad.
pe-e o< £-otHe-proaetso-<oin peRentoeh £eattreate €

d) meat treatment specifications (appropriate heat treatment values) and inspection procedures for
eat treatment;

e) ¢onnection between heat treatment specifications and welding and/or¥ forming-procedure
gpecifications;

f) 1methods of heat treatment, for example which products or components are being freated in a
furnace and which products or components are being subjected to‘local heat treatment;

g) ¢ompetence of personnel;
h) 4guitability of equipment;
i) lheattreatment documentation;

j)  ¢ontrol and inspection arrangements;

k) quality requirements for the subcontractor;

1) andling of non-conformity of heat treatment;

m) 1neans of temperature measurement and recording;

n) quality requirements and testing of heat treatment, if any;
o) gchedule or sequence of heat treatment;

p) availability of sufficient energy;

q) other special agreements, e.g. supporting of the product or component.

5 $ubcontracting

Any |subeontractor shall work under the orders and responsibility of the manufacturér and shall
fully|conform to the relevant requirements of this document. The manufacturer shall ensjure that the
subcontractor can conform to the quality requirements of the specification.

Information that the manufacturer provides to the subcontractor shall include all relevant data from
the technical review (see 4.3).

The manufacturer who orders heat treatment shall supply all relevant specifications and requirements
concerning these works to the subcontractor. The subcontractor shall provide records and
documentation of its work as specified by the manufacturer.

6 Personnel

The manufacturer shall appoint a sufficient number of competent personnel for the planning,

performing and supervising of the heat treatment work according to specified requirements.

©1S0 2023 - All rights reserved 3
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The competence of personnel who carry out the heat treatment shall be confirmed by the manufacturer
(method of confirmation: support tracing the process).

The personnel shall be trained and be able to read, understand and implement heat treatment
instructions, such as programming the regulation, installation of thermocouples or control of measuring

line.

7 Inspection and testing

7.1 General

The manufalcturer shall have at its disposal a sufficient number of competent personnel for plai

and perforn
requiremen

7.2 Non-(

Non-destru
standard.

7.3 Destructive testing

Destructive
contract. It
product or @

The destrud
the product

8 Equipj

8.1 Prod
The followir

ing, inspection, testing and assessing of the heat treatment activities accordingtoe.spe(
[S.

lestructive testing

tive testing shall be carried out at the stage of heat treatment specified in the applic

testing after heat treatment shall be carried out if required by the application standa

omponent.

tive testing may be carried out on separatetest pieces if these are of the same mater
and were subjected to the same production‘and heat treatment sequences.

ment for heat treatment

iction and testing equipent

1g equipment shall be available, when necessary:
and/or heating equipment;

hmer for the héating process;

bnt for measuring and recording the temperature;

equipment;

lifting andyransport devices;

Ining
ified

htion

rd or

ran be performed voluntarily if the manufacturer decides to verify the properties fofr the

al as

a) furnace
b) prograr
c) equipm
d) cooling
e)
f)

personal protective equipment and other safety equipment.

8.2 Description of facilities

For an evaluation of workshop capacity and capability, the manufacturer and/or subcontractor shall
maintain a list of essential equipment used for heat treatment. This list shall identify items of major
equipment, including:

a) furnace
b)

c)

dimensions, maximum load and temperature range, in degrees Celsius;

heat treatment equipment and its capacity;

programmers and their capacity;

© IS0 2023 - All rights reserved
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accuracy, number of measuring channels and recording devices;

temperature-measurement equipment and its capacity, method of measurement, area of reading,

e) thermocouple type and tolerance class in accordance with IEC 60584-1 and method of attachment;
f) cooling devices, e.g. quenching tank, fan, compressed air;
g) other equipment required for heat treatment and its inspection.
8.3 Suitability of equipment
Equipmentshallbe-adeguateforthe-application-concerned-
8.4 | Verification of heat treatment equipment
8.4.1 General
All dpvices used for adjusting, measuring and recording the temperature-shall be suitably|validated at
specified intervals by calibrated measuring instruments.
8.4.2 Measurement of the uniformity of furnace temperature
The yiniformity of the furnace temperature shall be verifieddby fegularly performed measurements of
the temperature.
The measurement is performed in an empty furnace with thermocouples. The temperature shall be
meagured by a validated recording device. The thermocouples shall be located in such a yay that, for
diffefent types of furnaces, the largest possible temiperature differences be measured, for ¢xample at a
distdnce of 300 mm from the loading area. At least four measurements shall be taken, two [at the top of
the fiirnace and two at the bottom. They shalhbe located in opposite corners.
The measurements shall be carried out©ver a minimum of two temperature ranges: one equal to the
maximum working temperature of the furnace and another about half of that temperature. When the
furnace is used only for post-weld heat treatment, only one measurement of the uniformity|is needed.
The temperature shall be increased up to the measurement temperature and kept there|for 15 min;
thergafter, the results of the measurements shall be recorded.
The fdifferences between/the temperatures at the different measuring points shall be inf accordance
with|Table 1.
Table-1 - Permissible temperature variation range at different measuring pqints
Measurement tempera- Section temperature range for quality class
ture o
C
F
I II I1
°C
T<300 15 10 6
300<T<700 20 15 10
700<T<1000 30 20 15
1000<T<1300 40 30 20

The measurement of the uniformity of temperature in the working zone shall be performed with an
interval of no more than 36 months since the first validation date, or after a major repair or rebuild of
the furnace is carried out.

As an alternative, the measurement can also be carried out during loaded conditions with a typical
load. The measuring points shall be the same as stated in the second paragraph of this subclause.

©ISO
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Atestreport of the measurement results shall be prepared. The report shall be kept on file in connection
with quality documents.

8.4.3 Vali

dation of setting and recording devices

The devices used for temperature setting and recording shall be validated at specified intervals as

follows:

a)

temperature regulator:

the interval shall be as specified by the equipment manufacturer);

at intervals not exceeding 12 months (in the case of local heat treatment,

b)
‘)

recordi ITg device:

measurjng system:

darpanedn 1 de - Ve =l
dlUIHILCT VIS TTUU TALTTULITE U HIUIILLS,

at intervals not exceeding 12 months.

For stationalry furnaces, the intervals may be extended to twice the interval.

For transportable heat treatment equipment, the temperature recording devices shall be verified
validated seftpoint signal to ensure the specified temperature range.

Thermocouples are stable and accurate and do not need any validation.

NOTE T

Validation r
be available

A file shall b

8.5 New

ermocouples are usually delivered with a batch certificate, including value of classes.

eports shall be prepared and kept on file in connection With quality documents. They
whenever necessary.

e kept on validated equipment, including the dates@f validity.

pquipment

by a

shall

After installation of new or refurbished equipment, appropriate tests of the equipment shalll be

performed.
maintained,

8.6 Main

The manufd
shall ensure
relevant hed
matters.

9 Heatt

9.1 Gene

The tests shall verify the correct function of the equipment. Records of such tests sh{

fenance

cturer shall have documented programmes for the maintenance of equipment. The
maintenance checks.of those items in the equipment that control the variables listed i
It treatment spegifications. The maintenance plan shall also include inspections on s

reatment activities

ral

1l be

plan
n the
hfety

The heat treatment shall, as appropriate, be carried out in furnaces.

9.2 Heat treatment parameters

The manufacturer of the product or component is responsible for determining the heat treatment

parameters.

The parameters are related to the type and thickness of material.

Depending on the type of heat treatment, the following parameters shall be specified, as appropriate:

a) loading
b) heating
c) holding
6

temperature;
rate;

temperature (range, if necessary);

© IS0 2023 - All rights reserved
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d) holding time (range, if necessary);

e) cooling rate;

f) unloading temperature.

9.3

Heat treatment procedure specification

The manufacturer shall prepare heat treatment procedure specifications. In the case of welding
activities, the heat treatment procedure may be included in the welding-procedure specification or
the welding-procedure specification may refer to the heat treatment specification. The specification

spec

The heat treatment procedure specification shall include the following information, asapp

a)

c)
d) 1

e) heattreatment parameters;

f) 9
g) t
h) i

i)
j o
Heat|

application standards or contracts.

9.4

The
work
shall
qualj

9.5

b) I:ethOd of heat treatment, e.g. furnace, inductive, resistance, ring snake,buirner;

fiestrow to carTy out thie Work CorTectly:

ype of heat treatment, e.g. preheating, stress-relieving, normalization;

cation and number of measuring points for the temperature;

equirement for shielding gas;

upporting and loading of the product(s) or component(s);

ype of cooling;

dentification of the product or component, e.gidesignation, numbering;
bnvironmental conditions, e.g. protection from wind and rain.

ange of heated zone and area of isolation.

treatment procedure specifications shall be qualified in accordance with instructi

Work instructions

heat treatment specification or the welding-procedure specification may be used,
instructions. Altérnatively, dedicated work instructions may be used. Such work

fication.

Number of measuring points

opriate:

ns given in

as such, for
nstructions

be preparedfrem a qualified heat treatment procedure specification and do not requfire separate

Durik

hathabhant treatment thatomnaoratiirac chall Ac A niatn ho r]ofovm!“nr‘ A 2 i

1um number

To orrc o tr Co oo O tIC e p T tur OO oo, oo o p P opT ottt o C—o Tt TT CCocor Y

of measuring points in accordance with Table 2 or Table 3. If the method of measurement requires, the
thermocouples shall be covered in order to avoid direct heating. The temperatures at both ends of the
heating zone may be measured, if specified.

©ISO

Table 2 — Minimum number of measuring points in furnace atmosphere

Furnace volume Number of measuring
|4 points
m3
V<40
40<V<60
60<V<80
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Table 2 (continued)

Furnace volume Number of measuring
%4 points
m3
80<V<100
V=100

If the furnace is divided into heating sections, for example back, middle and front, atleast one measuring
point per section is recommended.

For furnace|heat treatment, the location of the measuring points shall be specified so that a uniform
temperature is achieved.

The measurjing points may be on the work piece, if specified. Thermocouples shall be attdached |with
procedures not adversely affecting the work piece, for example using capacitor discharge stud welding
with tip ignition arc stud welding (786).

Table 3 —+ Minimum number of measuring points for local heat treatment of circumferential

components
Outside diameter of pipe Number of measuring Pitch
D points o
mm
D <170 1 —
170 <D < 370 2 180
370 <D <550 3 120
D =550 4 90

For local heat treatments of other products, the location of the measuring points shall be specified in a
drawing or $ketch.

For productp consisting of several pipes, such as panels, it is enough to measure only the pipes pladed at
both ends.

9.6 Guidance for local post-wéld heat treatment of welds in pipe work

It is permiss$ible to heat treat’separate sections of the product or component in the furnace, proyided
that the length, L, expressed in millimetres, of the overlap of the previously heat-treated sectigns is
equal to thelgreater of 500 mm or the value of L as given in Formula (1):

L=2,5\|(2D~<48)t M

where

D is the outside diameter of the product or component, expressed in millimetres;

t isthe nominal thickness at the weld, expressed in millimetres;

NOTE Formula (1) is equivalent to (5\/Rt ) as given in European standards. It is more user-friendly because

only the outer diameter, D, is used instead of the inner or outer radius, R; or R,, respectively. An example is given
in Annex A, Figure A.1.

It is permissible to locally heat treat circumferential welds by inductive or resistance heating around
the entire circumference of the product or component. The width of the heated zone, Ly, expressed in
millimetres, shall not be less than the value of L as given in Formula (1) nor more than 12 ¢, with the
weld being in the centre.

8 © IS0 2023 - All rights reserved
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Where the attaching butt weld is at a distance, Lgy, expressed in millimetres, greater than the value
of L as given in Formula (1) from the branch or stub to shell weld, it may be post-weld heat treated in
isolation.

Where the attaching butt weld is at a distance, Lgy;, less than the value of L as given in Formula (1) from
the branch or stub to the shell weld, the post-weld heat treatment shall be applied simultaneously to the
butt weld and the branch or stub to the shell weld.

Care shall be taken during welding and post-weld heat treatment of the butt weld to ensure that harmful
temperature gradients do not occur locally to the weld between the shell and the branch or stub. The
temperature at the end of the heating area shall be at least 50 % of the maximum holding temperature.

Wheh a component is heat treated by internal means, it shall be fully encased with thermal insulating
matgrial.

10 Heat treatment record

The heat treatment personnel shall prepare a heat treatment record for eaeh product or conpponent that
has heen heat treated. Unless otherwise stated in the application standard, the following information
shallfbe given, as appropriate:

a) identification of the product or component;

b) information of material (material designation, dimensiens);

c) leattreatment equipment (identification);

d) {ype of heat treatment (e.g. preheating, stress-relieving, normalization);
e) ethod of heat treatment (e.g. furnace, inductive, resistance, ring snake burner);
f) ading temperature;

g) lheating rate;

h) lolding temperature;

i) olding time;

j)  ¢ooling rate;

k) ¢ooling method;

1) ynloadingtemperature;

m) {ype of temperature measurement and number and location of measuring points;

n) place and date of heat treatment.

The heat treatment record shall be signed by the appointed person.

11 Non-conformity and corrective actions

If the heat treatment does not conform to the specified requirements, the acceptance of the product or
component shall not be assessed. In such cases, the purchaser shall be informed. If necessary, corrective
actions shall be carried out. A report of the non-conformity shall be prepared and filed together with
the quality records.

The satisfactory result of any corrective heat treatment shall be demonstrated.

Corrective actions shall be carried out in accordance with a prepared specification. When preparing the
specification, it is necessary to ensure that the corrective action does not have any adverse influence on

©1S0 2023 - All rights reserved 9
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the product or component. A report on the action shall be prepared and the product or component shall
be re-inspected, tested and examined in accordance with the original requirements.

12 Quality records

The manufacturer and the subcontractor shall establish procedures for controlling the relevant quality
records.

Quality records, according to the contract requirements, shall include, when necessary:

record of requirements review (4.2) and technical review (4.3);

atment procedure specifications, welding-procedure specification and their qualific
(9.3);

ence of heat-treating personnel (Clause 6);

of measurement of heat treatment equipment (8.4.2, 8.5 and 8.6);
atment records (Clause 10);

bn reports for measuring devices (8.4);

on procedures and reports (Clause 11);

formity reports (Clause 11).

[S.

rds shall be retained for a minimum period of 5:years in the absence of any other spec

htion

ified

a)
b) heat trg
records
c) compet
d) records
e) heattre
f) validati
g) correct
h) non-con
Quality recd
requiremen
10
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