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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
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rent types of ISO documents should be noted. This document was drafted in accorda
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e ISO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

hn explanation on the meaning of ISO specific termis and expressions related to
sment, as well as information about ISO’s adherence to the WTO principles in tH
ers to Trade (TBT) see the following URL: Forewdrd - Supplementary information

fommittee responsible for this document is ISQ/TC 17, Steel, Subcommittee SC 11, Stee

ed. In particular, Figures 1, 2 and 3 havebeen redrawn to clarify labels.

5. Details of
ction and/or

nd does not

conformity
e Technical

castings.

second edition cancels and replaces the first edition (ISO 11970:2001), which has been technically
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Introduction
All welding procedure qualifications for production welding of steel castings are intended to be in
accordance with this International Standard.

Previous procedure qualifications that conform to the range of qualification of Clause 8 are valid under
this International Standard.

Where additional tests have to be carried out to complete the qualification, it is only necessary to
perform the additional tests to the requirements of Clauses 6 and 7.

vi © ISO 2016 - All rights reserved
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INTERNATIONAL STANDARD

ISO 11970:2016(E)

Specification and qualification of welding procedures for
production welding of steel castings

1 Scope

This International Standard specifies how a welding procedure specification (WPS) for production
weldirgof steetcastings s quatified:

It defines the conditions for the execution of welding procedure qualification testsCand {
validity of a qualified welding procedure for all practical welding operations, within 4
essential variables.

Testy
tests|

This
Inten
the c

are intended to be carried out in accordance with this International Standard unles
are specified by the purchaser or by agreement between the contracting parties.

International Standard applies to the arc welding of steel«castings. The princi
national Standard can be applied to other fusion welding procésses subject to agreem
ontracting parties.

In thie case of specific service, material or manufacturing-conditions, tests more comprel

thosg
infor
aust(

e specified by this International Standard can be spécified by the purchaser, in order
mation, e.g. longitudinal weld tensile tests, bend tésts, chemical analyses, ferrite detel
nitic stainless steels, elongation, Charpy “V” impact tests, and radiography.

2 Normative references

The

indig
refer
ISO 1
ISO §
1SO 4
1SO 4
1SO 4
ISO 4

ISO 4

following documents, in whole or. in;part, are normatively referenced in this documnj
pensable to its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document (including any amendments) appl

48-1, Metallic materials —£ Charpy pendulum impact test — Part 1: Test method
57-1, Welding and allied processes — Vocabulary — Part 1: Metal welding processes
136, Destructiveltests on welds in metallic materials — Transverse tensile test

969, Steel —dfacroscopic examination by etching with strong mineral acids

986, Steelcastings — Magnetic particle inspection

987,Steel castings — Liquid penetrant inspection

he limits of
he range of

s additional

ples of this
bnt between

ensive than
0 gain more
'mination in

ent and are
Ffor undated
es.

1992-1, Steel castings — Ultrasonic examination — Part 1: Steel castings for general purp

oses

[SO 4992-2, Steel castings — Ultrasonic examination — Part 2: Steel castings for highly stressed components

[SO 4993, Steel and iron castings - Radiographic inspection

ISO 5817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam welding

exclu

ded) — Quality levels for imperfections

ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

ISO 9016, Destructive tests on welds in metallic materials — Impact tests — Test specimen location, notch
orientation and examination
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IS0 9606-1, Qualification testing of welders — Fusion welding — Part 1: Steels
[SO 15607, Specification and qualification of welding procedures for metallic materials — General rules

ISO 15612, Specification and qualification of welding procedures for metallic materials — Qualification by
adoption of a standard welding procedure
3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 857-1 and ISO 15607 and the
following apply.

3.1
production/welding
any welding carried out during manufacturing before final delivery to the purchaser

3.1.1
joint welding
production welding used to weld cast components together or weld cast components to wrought steels

3.1.2
finishing welding
production welding carried out in order to ensure the agreed quality.of the casting

3.2
repair welding
welding carried out after delivery to the end user, i.e. after thé\casting has been in service

4 Preliminary welding procedure specification (pWPS)
A preliminalry welding procedure specification:shall be prepared. It shall specify the range of all the
relevant pajfameters in accordance with ISO 15612.

5 Welding procedure qualification

The making and testing of test specimens representing the type and the position of welding usgd in
production $hall be in accordance-with Clauses 6 and 7.

The welder] who undertakes the welding procedure test satisfactorily in accordance with| this
Internationgl Standard is‘qualified for the appropriate range of qualification according to ISO 96/06-1.
Additional welders shall'be qualified in accordance with 7.6.

6 Test pjece

6.1 General
The test piece shall be in accordance with those shown in Figures 1, 2, 3, and 4.

Dimensions in the figures are for information only and may be adjusted to meet production and testing
requirements.

6.2 Shape and dimensions of test piece

Additional test pieces, or longer test pieces than the minimum size may be prepared in order to allow
for extra and/or retesting specimens (in accordance with 7.5).

2 © IS0 2016 - All rights reserved
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6.3 Welding of sample

The preparation and welding of the sample shall be carried out in accordance with the relevant pWPS.
Angular tolerances may be agreed between the contracting parties or by the relevant application
standard.

The dimensions and shape of the groove shall be in accordance with Figures 1, 2, 3, and 4.
If tack welds are to be fused into the final joint, they shall be included in the sample.

Unless otherwise specified in the purchase order or contract review, welding and testing of the samples
shall be witnessed by an examiner (or test body). When the examiner (or test body) is not specified in
the purchase order, the manufacturer may appoint a suitable examiner.

o,

Key
t  base metal thickness > 15 mm
d  depth of cavity > 0,5 t. For TIG welding, “d” may be < 0,5 ¢

Figure 1 — Weld cross'section for weld cavity

Key

t  base metal thickness > 15 mm
r rootwidth 15 mm>r>5mm
B groove angle 20° > > 5°

Figure 2 — Weld joint

© IS0 2016 - All rights reserved 3


https://standardsiso.com/api/?name=a150cbc684334193d61a5e4cec5347f2

ISO 11970:2016(E)

Key
w

1
i

Key
1

d
e

w

1

T T T T

T F———

width offweld base material (w = 3 t or = 50 mm whichever is greater)

length of weld (1 = 6 t or 2 350 mm whichever is greater)

inspectign length (i =1less 50 mm from each end)

Figure 3 — Weld sample (Plate)

length of tube section (1 2 150 mm)

outside diameter of the tube

edge preparation and fit up as detailed in the preliminary Weld Procedure Specification (pWPS)

Figure 4 — Weld sample (Tube)
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7 Examination and testing

7.1

Extent of testing

The examination and testing includes both non-destructive testing (NDT) and destructive testing (DT)
which shall be in accordance with the requirements given in Table 1.

Table 1 — Examination and testing of the test pieces

Type of test Extent

Visugpt 160-9%

Radipgraphic or ultrasonic 100 %

Surface crack detection 100 %

Tranjsverse tensile test 1 specimen

Imp4ct testa 2 sets

Hardness test if required by the purchase order or by the relevart application sfandard
Macrostructure-examination if required by the purchase order or by the televant application sfandard
Micrpstructure-examination if required by the purchase order or by the relevant application standard
Bend tests if required by the purchase order orhy the relevant application sfandard
Corrpsion tests if required by the purchase ordet brby the relevant application sfandard
Additional tests if required by the purchase order or by the relevant application standard

a ]

requ

anact V-notch tests are only required when the parent metal requires impact testing. The same num|
red in the weld metal and HAZ.

ber of tests is

All td

7.2
Local

Test

7.3

The quality requirements of the HAZ shall be in accordance with the requirements for the p

The 4

weld|
relat

sts shall be carried out after any required post-weld heat treatment.

Location and cutting of test-specimens
Lion of test specimens shall be.in accordance with Figures 5 and 6.

specimens shall be takef after non-destructive testing (NDT) has given satisfactory rg
Non-destructivetesting
icceptanCe)requirements of the weld deposit shall comply with level C of ISO 5817 exce

metaltand excessive convexity for which level D shall apply. Standards for acceptd
ingto'NDT methods shall be used for the evaluation of imperfections.

sults.

arent metal.

pt for excess
nce criteria
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Key
a tensile specimen
b  impact of additional specimens
¢  microstrjucture, macrostructure and hardness specimens
s scrap gr¢ater than 50 mm

Figure 5 — Test specimen locatioh from plate

Key

a tensile specimen and 1 root and 1 face or 2 side bend specimens

b  impact or additional specimens

c tensile specimen and 1 root and 1 face or 2 side bend specimens

d macrostructure and hardness specimens or 2 side bend specimens

Figure 6 — Test specimen location from tube
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7.4 Destructive test

7.4.1 Transverse (to weld groove) tensile test
Specimens and testing for transverse tensile test shall be in accordance with ISO 6892-1 and ISO 4136.

In the tensile test only the value of Rm is required. If the specimen breaks outside of the weld or fusion
line, the result is acceptable if the strength is not more than 5 % below the minimum tensile strength,

Rm, of the parent metal piece.

7.4. Macro-examination

If mdcro-examination is required the test specimen shall be prepared and etched on one. side to clearly
reveal the fusion line, the HAZ and the build-up of runs, in accordance with ISO 4969:

Unaffected parent metal shall be included in the macro-examination.

The gcceptance levels stated in 7.3 shall apply.

7.4.3 Micro-examination

If mifro-examination is required the test specimen shall be prepared and etched on one sifle to clearly
reveal the fusion line, the structure of the weld and the HAZ./The acceptance level is tp be agreed
between the manufacturer and customer or application standard.

7.4.4 Impact test

If anfimpact test is required, the sets of test speciniens shall be taken in accordance with Figures 5 and
6 for|location of specimens, and in accordance with ISO 148-1 for dimensions and test. The location of
the notch and test reporting requirements shall be in accordance with ISO 9016.

Charjpy V notch specimens shall be used;*Each set shall be comprised of three specimens$. The notch
shall|be perpendicular to the surface of the weld. Test pieces with Charpy V notch shall b¢ sampled at
least|2 mm below the surface of the’'parent metal and transverse to the weld.

Two [sets of specimens shall be)used, one from the weld metal and one from the HAZ. The set from
weld| metal, test specimen_isstype VWT (V: Charpy V notch; W: notch in weld metal; T: ndtch through
the thickness). The set fer.the HAZ specimen is type VHT (V: Charpy V notch; H: notch in HAZ; T: notch
throyigh the thickness):

For thicknesses 250/-mm, two additional sets of specimens shall be taken, one from the weld metal and
one from the HA%Z: The two sets may be taken either from just below the mid thickness of in the root
arealof the weld.

The test\temperature and absorbed energy shall be in accordance with the requirements for the
pareptetal.

7.4.5 Hardness test

If a hardness test is required the location of the test shall be as shown in Figure 7. The method of
hardness test shall be agreed between the manufacturer and customer or by the application standard.
When the Vickers method (HV10) is selected it shall be used in accordance with ISO 6507-1. The
indentation shall be made in the weld, the HAZs and the parent metal with the object of measuring and
recording the range of values in the weld joint. This will include rows of indentations one of which shall
be 2 mm maximum below the surface (see Figure 7).

For each row of indentations there shall be a minimum of 3 individual indentations in the weld, HAZ
(both sides) and the parent metal (both sides).

For the HAZ the first indentation shall be placed at a distance no greater than 1 mm from the fusion line.

© IS0 2016 - All rights reserved 7
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Dimensions in millimetres

2 max.

e
2=l | P |
// b
a ¢ c
N\ F
d — -

Key
a indentatjons
b  weld metal
c parentnjetal
d narrow HAZ
e wide HAE
Figure 7 — Hardness test positions
7.5 Qualification and retesting

If the test pjece fails to comply with one or more of the requiremerts for visual examination or

specified in
additional t
not capable

7.3, one additional test piece shall be welded and subjected to the same examination. I
st piece does not comply with the relevant requirements, the pWPS shall be regard
pof complying with the requirements of this International Standard without modificati

If any test s

ecimen fails to comply with the relevant requiirements of 7.4 (destructive testing) dug

to weld implerfections (see 7.3) two further test specimens shall be obtained for each one that f;
These can b taken from the same test piece if there’is sufficient material available or from a new
piece, and shall be subjected to the same test.

If either of these additional test specimens do-hot comply with the relevant requirements, the WPS
be regarded as not capable of complying ‘with the requirements of this International Standard wif
modification.

7.6 Weld

er qualification

Welders shalll be qualifieddnyaccordance with the procedures described in ISO 9606-1.

8 Range

8.1 Gene

of qualification

ral

NDT
f this
bd as
b1,

only
hiled.
r test

shall
hout

Changes outside the ranges specified shall require a new welding procedure test.

8.2 Related to the manufacturer

A qualification of a WPS obtained by a manufacturer is valid for welding in workshops or sites under
the same technical and quality control of that manufacturer.

© ISO 2016 - All rights reserved
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Related to the material

8.3.1 Parent metal — Grouping system for cast steel grades

In order to minimize the number of welding procedure tests, steels shall be grouped as shown in Table 2.
Qualification of one material in a sub-group qualifies the procedure for all materials in that sub-group.

Within each group A, B, C or F, each sub-group qualifies the sub group(s) of lower index, for example in
group A:

— sub-group A3 qualifies sub-groups A1 and A2;

— q

ub-group A2 qualifies sub-group Al;

A separate welding procedure qualification shall be obtained for each cast steel hot covered by the
grouping system.
Table 2 — Grouping system for cast steel grades and filler metals
Grpup Type of cast steel

A Carbon steels (Si 0,80 % max, Mn 1,70 % max)

Al C < 0,25 %; yield stress Rpo,2 < 275 MPa

A2 C<0,25 %); yield stress 275 MPa < Rpp,2 < 360 MPa

A3 Yield stress Rpo,2 > 360 MPa

B Low alloy steels (annealed, normalized, or normalized and tempered)
B1 Yield stress Rpp,2 < 360 MPa

B2 Yield stress Rpp,2 > 360 MPa

C Low alloy steels (quenched and tempered)

C1 Yield stress Rpp,2 < 500 MPa

C2 Yield stress 500 MPa < Rp,2'<. 700 MPa

C3 Yield stress Rpp,2 > 700.MPa

D Ferritic stainless steels

D1 Ferritic stainlesssteels

E Martensitic'stainless steels

El Martensifig'stainless steels

F Austenitic stainless steels

F1 Austenitic with ferrite < 35 %

F2 Fully austenitic

G Duplex stainless steels

G1 Duplex stainless steels with ferrite > 35 %

H Austenitic heat resisting steels

H1 Austenitic heat resisting steels

I Precipitation hardened stainless steels

11 Precipitation hardened stainless steels

J Nickel-base alloys

J1 Nickel-base alloys

K Austenitic manganese steels

K1 Austenitic manganese steels

© IS0 2016 - All rights reserved 9
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8.3.2 Parent metal thickness (range of qualification)

The qualification of a welding procedure test on thickness “t” shall include thicknesses in the ranges

le 3. The range of qualification is valid, whatever the thickness of the welded casting.

given in Tab

Table 3 — Range of qualification for thickness

Thickness, ¢ Range of qualification
mm
15<t<30 3mmto2t
t>30 0,5 tto 2 tor 200 mm, whichever is the greater

8.4 Comiy

8.4.1 Welding process

The qualific
process pro

For multi-py
other proce
joint thickng

8.4.2 Welding positions

When neithg

welding in alll positions.

hon to all welding procedures

htion according to the WPS is valid only for the welding process used,in the WPS. In a nj
cedure test, the qualification is valid only for the sequence used duringthe qualification

ocess procedures, each welding process may be qualified separately or in combination
kses. Similarly one or more processes may be deleted from<¢a qualified WPS, provide

br impact nor hardness requirements are specified, welding in any one position qualifig

8.4.3 Type of joint

An qualificafion established using the arrangenients shown in Figure 1 is valid for all types of butt
(joint and/of finishing welding).

8.4.4 Filler metal

The qualifidg
Other filler

matche

overma

either i the same groGp of tensile properties (unless impact testing is required), or

ation range of filler metals shall meet the requirements of the materials listed in Tal
metals may be used-aslong as they are

1 to the netinal composition of the parent metal, or

[ched:t0- maintain the ferrite balance of the parent metal of group F, or

hulti-
test.

with
d the

ess is within the qualified thickness range of the relevantwelding process(es) to be applied.

s for

weld

_
N

overma

fched to meet service considerations for parent metal groups D, E, F, G, H, I, ], and K.

8.4.5 Typ

e of current

The qualification given is only for the type of current (AC, DC, pulsed current) and polarity used in the

welding pro

cedure test.

8.4.6 Heatinput

The requirements of this clause apply only when the control of heat input is specified.

When impact testing requirements apply, the upper limit of the heat input qualified is 15 % greater

than that us

10

ed in welding the sample.
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When hardness requirements apply, the lower limit of heat input qualified is 15 % lower than that used
in welding the sample.

8.4.7 Preheat temperature

The lower limit of qualification is the nominal preheat temperature applied at the start of the welding
procedure test.

8.4.8 Interpass temperature

The upper limit of qualification is the nominal interpass temperature reached in the welding
procgdure test.

8.4.9 Post-weld heat treatment
Addifion or deletion of post weld heat treatment is not permitted.

The temperature range specified for the welding procedure test is the range qualified. Heating rates,
cooling rates and holding time shall be related to the production companent.

8.5 | Specific to process

8.5.1 Processes 111 [manual metal arc welding (metalarc welding with covered elettrode);
shielded metal arc welding] and 114 (self-shielded tubular-cored arc welding).

The qualification given is for the diameter of electrodé.tised in the welding procedure test plus or minus
one ¢lectrode diameter for each run, with the exception of the root run on single side welding without
backjng butt welds for which no size change is pétmissible.

8.5.2 Process 121 (submerged arc welding with one wire electrode)

The qualification given is restricted to the wire system used in the welding procedure tes{ (e.g. single-
wire|or multiple-wire system).

The qualification given for the flux or wire type and combination is restricted to the condjfitions of the
weld|procedure test.

8.5.3 Processes 131 (metal-arc inert gas welding; MIG welding; gas metal arc welding), 135
(mefal active gas welding; MAG welding; gas metal arc welding), 136 (tubular cored mietal arc
welding with active gas shield; flux cored arc welding) and 138 (MAG welding with metal cored
electrode)

The qualification given is restricted to the face and/or back shielding gas and the type of ga used in the
weld(an procedure test.

The qualification given is restricted to the wire system used in the welding procedure test (e.g. single-
wire or multiple-wire system).

8.5.4 Process 141 (Tungsten inert gas welding; TIG welding; gas tungsten arc welding)

The qualification given is restricted to the face and/or back shielding gas and the type of gas used in the
welding procedure test.

9 Welding procedure qualification record (WPQR)

The welding procedure qualification record (WPQR) shall be a statement of the results of assessing each
test piece including re-tests (see Annex A). The relevant items listed for the WPS in Annex B (details of

© IS0 2016 - All rights reserved 11
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weld test) shall be included, together with details of any features that would be subject to rejection
by the requirements of Clause 7. If no such features or unacceptable test results are found, a WPQR
detailing the welding procedure test results is qualified and shall be signed and dated by the examiner
or test body.

12 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=a150cbc684334193d61a5e4cec5347f2

ISO 11970:2016(E)
Annex A
(informative)

Record form (WPQR) welding procedure qualification — Test
certificate

Manpfacturer’s welding procedure Examiner or test body;
Refefence No.: Reference No.:
Manpfacturer:

Addiess:

Cod¢/testing standard:

Date|of welding:

Range of qualification:

Welding process:

Jointl type:

Parept metal(s): Conditions if tempered:
Metdl thickness (mm):

Outsjde diameter (mm):

Fillef metal type:

Shielding gas/flux:

Typg of welding current:

Welding position:

Prehfeat:

Postiweld heat treatment and/or ageing:

Other information:

Certlfied{that test welds prepared, welded and tested satisfactorily in accordance with the requiremgnts of the

d [+ Sads 4. A | P2 - H tad ol
CO / tEotlllg stdlltdl U HHIuItdtt duuve.

Location Manufacturer Examiner or test body

Date of issue Name, date and signature Name, date and signature
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