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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
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Introduction

This International Standard provides a classification system for tubular cored electrodes and rods for welding
stainless steels. It recognizes that there are two somewhat different approaches in the global market, to
classifying a given tubular stainless steel welding consumable, and allows for either or both to be used, to suit
a particular market need. Application of either type of classification designation (or of both where suitable)
identifies a product as classified accarding to this International Standard

The [lassification according to system A is mainly based on EN 12073:1999, Welding:consumables —
Tubufar cored electrodes for metal arc welding with or without a gas shield of stainless and heat-resisting
steels — Classification. The classification according to system B is mainly based upon,standards|used around
the Pacific Rim.

Requests for official interpretations of any aspect of this International Standard should be difected to the
Secre¢tariat of ISO/TC 44/SC 3, via your national standards body, a completé-listing of which cap be found at
wwwliso.org.

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD ISO 17633:2004(E)

Welding consumables — Tubular cored electrodes and rods for
gas shielded and non-gas shielded metal arc welding of
stainless and heat-resisting steels — Classification

1 cope

and rpds, based on the all-weld metal chemical composition, the type of electrode.6ore, shielding|gas, welding
position and the all-weld metal mechanical properties, in the as welded or heat\.treated conditions, for gas
shielgled and non-gas shielded metal arc welding of stainless and heat-resisting steels.

This |nternational Standard specifies requirements for classification of tubular flux and*metal corId electrodes

This International Standard is a combined standard providing for classification utilizing a systen| based upon
classffication according to nominal composition, or utilizing a systeni based upon classification|according to
alloy ttype.

1) Paragraphs and tables which carry the label “classification according to nominal confposition” are
applicable only to products classified to that system.

2) Paragraphs and tables which carry the label\ “Classification according to alloy type” are applicable
only to products classified to that system.

3) Paragraphs and tables which carry neither label are applicable to products classified |according to
either or both systems.

It is fecognized that the operating characteristics of tubular cored electrodes can be modified By the use of
pulsgd current, but for the purpoSes’ of this International Standard, pulsed current is not permitted for
determining the electrode classification.

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

ISO 31-0:4992, Quantities and units — Part 0: General principles

ISO 544, Welding consumables — Technical delivery conditions for welding filler materials — Type of product,
dimensions, tolerances and marking

ISO 3690, Welding and allied processes — Determination of hydrogen content in ferritic steel arc weld metal
ISO 6847, Welding consumables — Deposition of a weld metal pad for chemical analysis
ISO 6947:1990, Welds — Working positions — Definitions of angles of slope and rotation

ISO 13916, Welding — Guidance on the measurement of preheating temperature, interpass temperature and
preheat maintenance temperature

ISO 14175:1997, Welding consumables — Shielding gases for arc welding and cutting

© 1SO 2004 - All rights reserved 1
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ISO 14344, Welding and allied processes — Flux and gas shielded electrical welding processes —
Procurement guidelines for consumables

ISO 15792-1:2000, Welding consumables — Test methods — Part 1. Test methods for all-weld metal test
specimens in steel, nickel and nickel alloys

ISO 15792-3, Welding Consumables — Test methods — Part 3: Classification testing of positional capacity

and root penetration of welding consumables in a fillet weld

3 Classification

Classificatior
weld metal d

The “noming
certain alloyi
elements, wk
based three

designations are based upon two approaches to indicating the chemical composition ©f 'th
bposit obtained with a given electrode or rod.

| composition” approach uses designation components indicating directly the-hominal lev
hg elements, given in a particular order, and some symbols for low but significant levels of
ose levels are not conveniently expressed as integers. The “alloy type” approach uses trag
or four-digit designations for alloy families, and an occasional additional.character or charz

e all-

pls of
other
ition-
cters

for compositional modifications of each original alloy within the family. The fwo-designation approgches

include addit
requirementg

onal designators for all other classification requirements, but not entirely the same classifiq
, as will be clear from the following.

ation

In most cages, a given commercial product can be classified in.b6th systems. Then either or|both

classification|designations can be used for the product.

3A Classification according to nominal 3B Classification according to alloy type

compositio

The classification is divided into five parts: The classification is divided into five parts:

1) The firgt part gives a symbol indicating the- 1) The first part gives a symbol indicating the
product/process to be identified (see 4.1A); tubular cored electrode and rod (see 4.1B);

2) The sedond part gives a symbol indicating the 2) The second part gives a symbol indicating the
chemicgl composition of the all-weld metal (see chemical composition of the all-weld metal| (see
Table 14); Table 1B);

3) The third part gives a symbollindicating the type  3) The third part gives a symbol indicating thg type
of electrpde core (see Table 3A); of tubular cored electrode or rod (see Table|3B);

4) The fourth part gives' a symbol indicating the 4) The fourth part gives a symbol indicating the
shielding gas (seé 4.4); shielding gas (see 4.4);

5) The fifth part gives a symbol indicating the 5) The fifth part gives a symbol indicating the

welding [position (see Table 4A).

welding position (see Table 4B).

In order to promote the use of this International Standard, the classification is split into two sections:

a)

This section
product, the
the type of e

the symbols defined in Clause 4.

Compulsory section

includes the symbols for the type of
chemical composition of all-weld metal,
lectrode core and the shielding gas, viz, the type of electrode core, the shielding gas an
welding position, viz,

Clause 4.

the symbols defined

This section includes the symbols for the type of
product, the chemical composition of all-weld metal,

d the
in

© ISO 2004 — All rights reserved
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b)

Optional section

This section includes the symbol for the welding

position for which the electrode is suitable, viz, the

symbols defined in Table 4A.

ISO 17633:2004(E)

The full identification (see Clause 10) shall be used on packages and in the manufacturer's literature and data
sheets.

4 Symbols and requirements

41

4.1A
com

The

Symbol for the product/process

Classification according to nominal
bosition

symbol for the tubular cored electrode used in

the metal arc welding process shall be the letter “T”.

4.1B Classification accordingto alloy

The symbol for the tubular cored eled
used in the metal @rc”"welding process
letters “TS”. The initial letter, “T”, indi
cored electrodelor rod as distinguished
electrodes and from solid electrodes a
second lgtter, “S”, indicates that the all
stainless or heat-resisting steel.

 type

trode or rod
shall be the
ates tubular
rom covered
nd rods. The
Dy system is

4.2 | Symbol for the chemical composition of all:weld metal

4.2A| Classification according to nominal 4.2B Classification according to alloy type
composition

The |symbol in Table 1A identifies the “¢hemical The symbol in Table 1B identifies the chemical
composition of all-weld metal determmined in  composition of all-weld metal defermined in
accofdance with Clause 6. The all-weld metal accordance with Clause 6. The allfweld metal
obtained with the tubular cored electrodes in obtained with the tubular cored electrodes and rods
Table 1A under conditions givenyin Clause 5 shall in Table 1B under conditions given in (lause 5 shall
also | fulfil the requirements™ given in Table 2A. also fulfii the requirements given in Table 2B.
(See|Annex A.) (See Annex A.)

© 1SO 2004 - All rights reserved 3
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Table 2A — Tensile properties of all-weld metal
(classification according to nominal composition)

ISO 17633:2004(E)

Alloy designation Minimum proof Minimum tensile Minimum 2 Post weld
according to strength strength elongation heat treatment
nominal composition MPa MPa %
13 250 450 15 b
13Ti 250 450 15 b
134 500 750 15 c
17 oUU 450 19 d
199L 320 510 30
199 Nb 350 550 25
19123L 320 510 25
19123 Nb 350 550 25
19134 NL 350 550 25
2293NL 450 550 20
1816 5NL 300 480 25
Nong¢
18 8 Mn 350 500 25
20103 400 620 20
2312L 320 510 25
23122L 350 550 25
299 450 650 15
2212 H 350 550 25
2520 350 550 20
@  Gauge length is equal to five times the test specimen diameter.
b The weld test assembly (or.the blank from it, from which the tensile test specimen is to be machined) ghall be
heated to a temperature between.840 °C and 870 °C, held for 2 h, furnace cooled to 600 °C, then cooled in air.
€  The weld test assembly,(or the blank from it, from which the tensile test specimen is to be machined) ghall be
heated to a temperature between 580 °C and 620 °C, held for 2 h, then cooled in air.
9 The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) ghall be
heated to a temperature between 760 °C and 790 °C, held for 2 h, furnace cooled to 600 °C, then cooled in air.

© I1SO 2004 — All rights reserved
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Table 2B — Tensile properties of all-weld metal (classification according to alloy type)

Alloy designation Minimum tensile Minimum Post weld
according to strength elongation 2@ heat treatment
alloy type MPa %
307 590 25
308 550 30
308L 520 30
308H 550 30
308Meo 556 36
308LMo 520 30
308HMo 550 30
309 550 25
309L 520 25
309Mo 550 15
309LMo 520 15
309LNb 520 25 None
310 550 25
312 660 15
316 520 25
316L 485 25
316H 520 25
316LCu 485 25
317 550 20
317L 520 20
318 520 20
347 520 25
347L 520 25
409 450 15
409Nb 450 15 b
410 480 15 b
410NiMo 760 10 c
430 450 15 d
430Nb. 450 13 d
16-8>2 520 25
2209 690 15 None
2553 760 13

@  Gauge length is equal to five times the test specimen diameter.
b

€ The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall be

heated to a temperature between 590 °C and 620 °C, held for 1 h, then cooled in air.
d

The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall be
heated to a temperature between 730 °C and 760 °C, held for 1 h, furnace cooled to 315 °C, then cooled in air.

The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall be
heated to a temperature between 760 °C and 790 °C, held for 2 h, furnace cooled to 600 °C, then cooled in air.

© I1SO 2004 — Al rights reserved
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4.3 Symbol for type of electrode core

ISO 17633:2004(E)

The symbols in Tables 3A and 3B indicate different type of tubular cored electrodes and rods relative to their

core composition and slag characteristics.

Table 3A — Symbol for type of electrode core
(classification according
to nominal composition)

Table 3B — Symbol for type of tubul

ar cored

electrode and rod (classification according

to alloy type)

Symbol Characteristics Symbol Characteristics

R Rutite-stow-freezing-stag F Fux-coredetectrodes
P Rutile, fast-freezing slag M Metal cored electrodes
M Metal powder R Cored rods for gas tungsten arc welding
U Self-shielding (See Annex C)
z Other types

(See|Annex B)

4.4 | Symbol for shielding gas

The gymbols M, C, and | indicate shielding gas as described in1SO 14175:1997.
The

carbgn dioxide.

The gymbol N shall be used for tubular cored electrodes without a gas shield.
4.4A| Classification according to nominal

composition

The $ymbol M, for mixed gases, shall be used when

the dlassification has been performed with shielding
gas IBO 14175-M2, but without helium.

symbol C shall be used when the classification has been performed with shielding gas IS

4.4B Classification according to alloy

The symbol M shall be used when the

has been performed with shi
ISO 14175-M21, but restricted to A
25 % CO,.

The symbol B shall be used when the
has been performed both with sh
ISO 14175-M21 (restricted as above
shielding gas ISO 14175-C1 (carbon dio

The symbol A shall be used when the

O 14175-C1,

 type

classification
plding gas
r+20% to

classification

ielding gas
) and with
Kide).

classification

has been  performed  with  shi

plding  gas

© I1SO 2004 — All rights reserved

ISO 14175-M13, argon plus up to 3 % O

The symbol | shall be used when the
has been performed with
ISO 14175-1-1, argon.

shielding

5 gas.

classification
gas

The symbol G is used for an unspecified shielding

gas.
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4.5 Symbol for welding position

The symbols in Tables 4A and 4B indicate the positions for which the electrode is suitable in accordance with
ISO 15792-3. PA, PB, PC, PD, PE, PF and PG are the symbols specified in ISO 6947:1990. See Clause 7 for
testing requirements.

Table 4A — Symbol for welding position

(classification according
to nominal composition)

Table 4B — Symbol for welding position
(classification according to alloy type)

Symbol Welding positions 2 Symbol Welding positions 2
1 PA, PB, PC, PD, PE, PF and PG 0 PA and PB
2 PA, PB, PC, PD, PE and PF 1 PA, PB, PC, PD, PE, PF or PG, or,PF + PG
3 PA and PB @  PA = Flat position
4 PA PB = Horizontal vertical position
5 PA, PB and PG PC = Horizontal position
PD = Horizontal overhead pdsition
@  PA = Flat position
PE = Overhead position
PB = Horigontal vertical position
PF = Vertical up position
PC = Horizontal position
PG = Vertical down-position
PD = Horizontal overhead position
PE = Overhead position
PF = Vertigal up position
PG = Vertical down position
5 Mechanical tests
5A Classification according to nominal 5B Classification according to alloy type
compositio
Tensile tests and any required retests~for tubular Tensile tests for tubular cored electrodes shall be
cored electrgdes shall be carried outron“weld metal carried out on weld metal in the condition specifled in

in the condition specified in Table-2A. (as-welded or

post weld h
test assemb
type specifie
diameter is
diameter ma

pat treatment) using-an all-weld metal
y in accordance with ISO 15792-1 of a
d in Table 6_dsing 1,2 mm, or, if this
not manufactured, the next larger
hufactured-as described in 5.1 and 5.2.

5.1 Preheating and interpass temperatures

Table 2B (as-welded or post weld heat treatfent)

using an all-weld metal test assembly in accorg
with ISO 15792-1 of a type specified in Table 6
1,2 mm, or, if this diameter is not manufactureq
next larger diameter manufactured as describ
5.1 and 5.2.

ance
Lising
, the
d in

Tensile tests for tubular cored rods shall be ¢
out on weld metal in the condition specifi

accordance with 1SO 15792-1 of a type specifi

rried
d in
ly in
ed in

Table 6 using 2.2 mm, or if this diameter is not
manufactured the next larger diameter manufactured

as described in 5.1 and 5.2.

Preheating and interpass temperatures shall be selected for the appropriate weld metal type from Table 5A or

Table 5B.

14
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The preheating and interpass temperatures shall be measured using temperature indicator crayons, surface
thermometers or thermocouples (see ISO 13916).

The interpass temperature shall not exceed the maximum temperature indicated in Table 5A or Table 5B. If,
after any pass, the interpass temperature is exceeded, the test assembly shall be cooled in air to a
temperature within the limits of the interpass temperature.

Table 5A — Preheating and interpass
temperatures (classification according to

Table 5B — Preheating and interpass
temperatures (classification according to alloy

nominal composition) type)

Alloy Type of weld Preheating and Alloy Type of weld Preheating and
dgsignation metal interpass designation metal nterpass
acpording to temperatures according to temperatures

hominal °c alloy type °c
composition
410 200 to 300
13 Martensitic and 409 Martensitic and
13Ti ferritic chromium 200 to 300 409Nb ferritic chromium
steel steel 150 to 260
17 430
430Nb
134 Soft martensitic 100 to 180 410NiMo Soft martensitic 100 to 260
stainless steel stainless steel
Austenitic and Austenitic and
Al others ferritic-austenitic < 150 All others ferritic-austenitic <130
stainless steel stainless steel

5.2 | Pass sequence
The fotal number of runs, the number ©f,yuns per layer and the total number of layers shall bg as given in
Table 6.
Table 6 — Pass sequence
p Diameter ISO 15792-1 test Passes per layer Tqtal number
rocess bly type of layers
mm assembly typ First layer Other layers Y
<1,2 1.0 1or2 2or32 6to9
G4s shielded.and self- 1.2 1.3 Tor2 20r3° Sto9
shielfed metal arc welding 14, 16, 2.0 13 10r2 20or33 5t0 8
24 32 13 lar?2 1qr2b 4t07
Gas tungsten arc welding 2,0, 22, 24 1.0 1or2 2or3°@ 5to 8

b

2 Final layer may have four passes.

Final layer may have three passes.

6 Chemical analysis

Chemical analysis is performed on any suitable all-weld metal test specimen. The referee method is described
in 1ISO 6847. Any analytical technique can be used but in case of dispute reference shall be made to
established published methods.

© I1SO 2004 — All rights reserved
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7 Fillet weld test

The fillet weld test assembly shall be as shown in ISO 15792-3.

7A Classification according to nominal
composition

The plate material shall be selected from the range of
materials for which the electrode is recommended by the
manufacturer. The fillet welds shall be deposited as a
single run using the diameter of electrode and welding

7B  Classification according to alloy type

For electrodes classified as symbol 1 in Table 4B, fillet
weld test shall be performed in PD and PF positions. The
steel to be used shall conform to the following
specifications:

position shown_in Table 7A, Throat thickness, leg length F—For300 . I i > 304
and convexity shall conform to the requirements of . ) i
stainless steel.
Table 7A.
2) For 400 series electrodes: matching ot non|alloy
steel.
3) For duplex alloy electrodes: matching or
type 304 stainless steel.
The fillet weld tests shall-be conducted on all diameters
manufactured. The amperage or electrode feed speed and
arc voltage shall beselected by the manufacturer.
A single-pass fillet weld shall be deposited on one dide of
the joint. After\completing the weld on the first side pf the
joint, the fillet weld shall be deposited on the secongl side
of the joint with the same procedure used for the fillef weld
on thé first side.
Table 7A — Test requirements for fillet welds
(classification-according to nominal composition)
Symbol of Test Electrode Fillet Maximum Maximum
position for | pésition size @ theoretical leg length convexity
classification throat difference
mm mm mm mm
1.0n2 PB 24 5,5 min. 2,0 3,0
3 PB 24 5,5 min. 2,0 3,0
5 PB 2,4b 5,5 min. 2,0 3,0
forz2 PF 24° 7,0max. 2,0
1,20r5 PD 1,2d 4,5 max. 1,5 2,5
5 PG 1,2d 4,5 min. 1,5¢€
@  Where the largest size claimed for positional welding is smaller than that specified, use the
largest size and adjust the criteria pro rata.
b or largest size made up to 2,4 mm.
¢ Maximum size for which positional classification is sought.
d  Oras recommended by the manufacturer.
€ Maximum concavity.
16 © 1SO 2004 — Al rights reserved
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The maximum convexity and length difference shall
conform to the following dimensional requirements:

a) Maximum convexity: 2,0 mm for <7,0 mm in
measured fillet weld size and 2,5mm for
> 7,0 mm in measured fillet weld size

b) Maximum leg length difference (mm) = 0,5 x [fillet
weld size (mm)] — 0,5

8 etests

If any test fails to meet the requirement, that test shall be repeated twice. The results ‘of, both| retests shall
meet| the requirement. Specimens for the retest may be taken from the original test assembly of from a new
test gssembly. For chemical analysis, retests need be only for those specific elemerits-that failed|to meet their
test requirement. If the results of one or both retests fail to meet the requirementjthe material under test shall

be cqnsidered as not meeting the requirements of this specification for that classification.

In thg event that, during preparation or after completion of any test, it is ¢learly determined that prescribed or
propgr procedures were not followed in preparing the weld test assembly.or test specimen(s), or |n conducting
the tgsts, the test shall be considered invalid, without regard to whether the test was actually qompleted, or
whether the test results met, or failed to meet, the requirement. Zhat test shall be repeated, follpwing proper
presgribed procedures. In this case, the requirement for doubling the number of test specimg¢ns does not

apply.

9 Technical delivery conditions

Techhical delivery conditions shall meet the requirements in ISO 544 and 1ISO 14344.

© I1SO 2004 — All rights reserved
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10 Examp

les of designation

The designation of tubular cored electrodes shall follow the principles given in the examples below.

10A Classification according to nominal

composition
EXAMPLE

A tubular co

red electrode (T) for gas shielded arc

welding deposits a weld metal of chemical

10B Classification according to alloy type

EXAMPLE

A tubular cored electrode (TS) for gas shielded arc
welding deposits a weld metal of chemical

composition

within  the IImIts T10r the nominal

composition 19 12 3 L of Table 1A.

The electrog
freezing slag
and can be
positions (3)

e with a rutile type core with a slow
(R) was tested under mixed gas (M)
used in flat and horizontal vertical

This is desighated as follows:

ISO17633-A-T19123LRM 3

Compulsory pection:

ISO17633-A-T19123LRM

where

ISO 17633-A is the number of this International
Standargl with classification according to nominal
composition;

T indicates a tubular cored electrode/metal arc

welding

see 4.1A);

19 12 3l represents the chemical composition of

the all-w

eld metal (see Table 1A);

R is the [type of electrode ‘eore (see Table 3A);

M is the

3is the

shielding gas(see 4.4);

velding position (see Table 4A).

composition within the imits for the altoy type]316L
of Table 1B.

The flux cored electrode type (F) was ‘tested deer
mixed gas (M) and can be used in flatyand horizontal
vertical positions (0).

This is designated as follows:

1ISO 17633-B - TS316L-FMO

wherg

ISO 17633-B is the number of this International
Standard with classification according to |alloy

type;

TS indicates a tubular cored stainless |steel
electrode/metal arc welding (see 4.1B);

316L represents the chemical composition ¢f the
all-weld metal (see Table 1B);

F is the type of electrode core (see Table 3B);
M is the shielding gas (see 4.4);

0 is the welding position (see Table 4B).

18
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desig

Annex A
(informative)

ISO 17633:2004(E)

Comparison charts of alloy designation according
to nominal composition and alloy type

Table A1A — Correspondence of aIon,

aIon, desngnated accordlng to aIon type of

Table A1B — Correspondence of alloy,

ith alloy,

with deS|gnated accordlng to nomlnal composition,
similar, but not identical, requirements of similar, but not identical, requirements
Nominal Alloy Alloy Non]:nal
composition type @ type composition @
13 410 307 —+
13 Ti 409 308 —
134 410NiMo 308L 199L
17 430 308H
199L 308L 308Mo 20103
199 Nb 347 308LMo —+
19123L 316L 308HMo —
19123 Nb 318 309 —+
19134 NL — 309L 2312 L
2293NL 2209 309Mo —
1816 5NL — 309LMo 23122L
18 8 Mn — 309LNb —+
20103 308Mo 310 25p0
2312L 309L: 312 29|9
23122L 309LMo 316 —
299 312 316L 19123L
2212 H — 316H —+
2520 310 316LCu —
@ ‘4 signs in the table indicate no correspondence of alloy 317 T
desigpation in the classificatiomvaccording to alloy type. 317L 1
318 19 12|3 Nb
347 19 9Nb
347L —+
409 13|Ti
409Nb —+
410 13
410NiMo 134
430 17
430Nb —
16-8-2 —
2209 2293NL
2553 —
a8 “_ signs in the table indicate no correspondence of alloy
designation in the classification according to nominal
composition.
© 1SO 2004 — All rights reserved 19
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