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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-governm
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
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Introduction

This International Standard provides a classification system for tubular cored electrodes in terms of chemical
composition of the all-weld metal, type of electrode core, type of shielding gas and welding position, or in
terms of the tensile properties, chemical composition of the all-weld metal, usability characteristics of the
electrodes, shielding gas and welding position. The ratio of proof to tensile strength of weld metal is generally

proofl strength will not necessarily ensure that the weld metal tensile strength matches that of(the

highT than that of parent metal. Users should note that matching weld metal proof strength to

parent metal
barent metal.

Whele the application requires matching tensile strength, therefore, selection of the consumalfle should be
made by reference to column 4 of Table 2.

It shquld be noted that the mechanical properties of all-weld metal test specimens used to classify the tubular
cored electrodes will vary from those obtained in production joints because" of difference$ in welding
procgdure such as electrode size, width of weave, welding position and parentumetal composition

The [lassification according to system A is mainly based on EN 120/1:1999, Welding consumables —
Tubujar cored electrodes for gas shielded metal arc welding of cregp-resisting steels — Classffication. The
classffication 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 standardscbody, a complete listing of which can be found at
wwwliso.org.
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Welding consumables — Tubular cored electrodes for gas
shielded metal arc welding of creep-resisting steels —
Classification

This
post-
temp

This
upon
chen

3

Scope

International Standard specifies requirements for classification of tubular cored’€lectrodes
brature steels. One tubular cored electrode can be tested and classified with'different shieldi
International Standard is a combined specification providing for classification utilizing a s

the chemical composition of all-weld metal or utilizing a system based upon the tensile stre
ical composition of all-weld metal.

classified to the system based upon chemical composition, with requirements for the \
and the average impact energy of 47 J of all-weld metal in accordance with this
Standard.

classified to the system based upon the-tensile strength and chemical composition of g
in accordance with this International Standard.

) Paragraphs and tables which have’neither the suffix letter “A” nor the suffix letter “B” &
to all tubular cored electrodes classified in accordance with this International Standard.

used in the

weld heat-treated condition for gas shielded metal arc welding of creep-resisting and low dlloy elevated

Ng gases.

ystem based
ngth, and the

1) Paragraphs and tables which carry the suffix letter “A” aré applicable only to tubular coréd electrodes

ield strength
International

) Paragraphs and tables which carry the suffix letter “B” are applicable only to tubular corgd electrodes

ll-weld metal

re applicable

It is fecognized that the operating, characteristics of tubular cored electrodes can be modified By the use of

pulse
the e

d current, but for the purposes of this International Standard, pulsed current is not used fo
ectrode classification.

2

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

ormative references

determining

t. For dated
b referenced

ISO 31-0:1992, 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

© IS0
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ISO 14175:1997, Welding Consumables — Shielding gases for arc welding and cutting

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

Classification) designations are based upon two approaches to indicate the chemical composition,” the tensile

properties arld the impact properties of the all-weld metal obtained with a given electrode. The two desigr
approaches |nclude additional designators for some other classification requirements, bdt not all, as W
clear from thg following sections. In most cases, a given commercial product can be classified in both sys
Then either gr both classification designations can be used for the product.

The classifichtion includes all-weld metal properties obtained with a tubular cored electrode and appro
shielding ga$ combination as given below. With the exception of the symbol for welding position wh
based on ISQ 15792-3, the classification is based on the tubular cored eléctrode size 1,2 mm, or if this
manufacture, the next larger diameter manufactured.

3.1A Classification by chemical composition

The classification is divided into six parts:

3.1B Classification by tensile strength and
chemical composition

Theé classification is divided into seven parts:

1) the first part (T) indicates a tubular

ation
ill be
tems.

Driate

ch is
s not

cored

1) the firs{ part (T) indicates a tubular cored

electrodp; electrode;

2) the second part gives a symbol indicating~the 2) the second part gives a symbol indicating the
chemic{ composition of all-weld\ metal strength and elongation of all-weld metal in the
(see Table 1); post-weld heat-treated condition (see Tablg 2);

3) the third| part gives a symbol ifdicating the type 3) the third part gives a symbol indicating the
of electrpde core (see Table3A); usability characteristics of the elegtrode

(see Table 3B);

4) the fourth part givesia symbol indicating the 4) the fourth part gives a symbol indicating the
shielding gas (se€ 4.5 and 4.5A); welding position (see Table 4B);

5) the fifth part¥gives a symbol indicating the 5) the fifth part gives a symbol indicating the
welding [poesition (see Table 4A); shielding gas (see 4.5 and 4.5B);

6) the sixth part gives a symbol indicating the 6) the sixth part gives a symbol indicating the
hydrogen content of deposited metal (see chemical composition of all-weld metal
Table 5). (see Table 1);

7) the seventh part gives a symbol indicating the

hydrogen content of deposited metal (see

Table 5).

In both systems, the electrode classification shall include all compulsory sections, and may include an optional
section as outlined below.

© ISO 2004 — All rights reserved
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3.2A Compulsory and optional section in the
classification by chemical composition

a) Compulsory section

This section includes the symbols for the type of
product, the chemical composition, the type of
electrode core and the shielding gas, i.e. the
symbols defined in 4.1, 4.2, 4.4A, 4.5 and 4.5A.

ISO 17634:2004(E)

3.2B Compulsory and optional section in the
classification by tensile strength and chemical
composition

a) Compulsory section

This section includes the symbols for the type of
product, the strength and elongation in the post-
weld heat-treated condition, the welding positions
for which the electrode is suitable, the usability
characteristics, the shielding gas, the impact

b) Optional section

This |section includes the symbols for the welding
positions for which the electrode is suitable and the
symbol for hydrogen content, i.e. the symbols
defingd in 4.6 and 4.7.

properties and the chemical compasition, i.e. the
symbols defined in 4.1, 4.2, 4.3B{44B, 4.5, 4.5B
and 4.6.

b) Optional section

This section includes ‘the symbol fpr hydrogen
content, i.e. the symbol defined in 4.7.

The full designation (see Clause 10) shall be used on packages and)in the manufacturer’s literajure and data

sheefts.

4 Symbols and requirements

4.1 | Symbol for the product/process

The gymbol for the tubular cored electrode used in the gas shielded metal arc welding process is the letter T.

4.2 [ Symbol for the chemical composition of all-weld metal

The $ymbol in Table 1 indicates the chemical composition of all-weld metal determined in accprdance with

Clause 6.

4.3 | Symbol for the mechanical properties of all-weld metal

4.3A| Classification'by chemical composition

No symbel>shall be used for the mechanical
propgrties, of the all-weld metal. The all-weld metal
obtaiTﬂed with the tubular cored electrodes in Table 1

4.3B Classification by tensile strength and
chemical composition

The symbol for tensile strength shgll be 49 for
490 MPa to 670 MPa tensile strength, 55 for
550 MPa to 740 MPa tensile strength, 62 for

under conditions given in Clause 5 shall also fulfil the
mechanical property requirements specified in
Table 2.

© 1SO 2004 - All rights reserved

620 MPa to 820 MPa tensile strength, or 69 for
690 MPa to 890 MPa tensile strength. The
complete mechanical property requirements that
shall be fulfiled by the various compositions are
specified in Table 2.
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4.4 Symbol for type of electrode core or the usability characteristics of the electrodes

4.4A Classification by chemical composition

The symbol in Table 3A indicates different types of
tubular cored electrodes relative to their
core composition and slag characteristics.
Manufacturers shall provide information on
recommended polarity.

4.4B Classification by tensile strength and
chemical composition

The symbol in Table 3B indicates the usability
characteristics of the electrodes.

Table 3A + Symbol for type of electrode core
(Classification by chemical composition)

Symbol Characteristics
R Rutile, slow-freezing slag
P Rutile, fast-freezing slag
B Basic
M Metal powder
z Other types

NOTE A description of the characteristics of each of the
types of core is|given in Annex C.

Table 3B +— Usability characteristics (Classification by:tensile strength and chemical compositipn)

Usability | {,. .. . Transfer .
desig- | hielding | Operating | ¢ droplet Type of We!c!mg Characteristics
gas polarity core position @
nator
. . Low spatter loss, flat to slightly convex [bead
T1 Required dc (+) Spray type{ “Rutile Oor1 and high deposition rates
Slightly convex bead, a thin slag wijthout
. Globular Lime- completely covering the weld bead, [good
™ Required de (+) type fluoride Oor1 impact properties and hot and cold prack
resistance compared with “T1”
Very fine - .
T15 Required do () drgplet Metal 0or1 Core consisting of metal alloys and| iron
powder, and minimal slag cover
spray type
TGP As agreed between purchaser and supplier

NOTE A description of the usability characteristics of the electrodes is given in Annex D.

a8  See Table"B:

b

For electrodes that are not covered by any currently defined usability designator.
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4.5 Symbol for shielding gas

ISO 17634:2004(E)

The symbols M and C indicate shielding gas as described in ISO 14175:1997.

The symbol C shall be used when the classification has been performed with shielding gas ISO 14175-C1,

carbon dioxide.

4.5A Classification by chemical composition

The symbol M, for mixed gases, shall be used when

4.5B Classification by tensile strength and

chemical composition

The symbol M, for mixed gases, shall be used when

h H +H ' la lo k. <l +hla | - P H
t € Cfasstricatonmas—neen MCTTUTTTITU WILTT STTITTUITTY

gas IBO 14175-M2 but without helium.

4.6 | Symbol for welding position

The gymbol in Table 4A or Table 4B indicates the positions for which<he electrode is suitable for
to ISP 17634-A or ISO 17634-B in accordance with 1ISO 15792-3<'PA, PB, PC, PD, PE, PF an
symbols specified in ISO 6947:1990. See Clause 7 for testing requirements.

thc daooiﬂbat;uu hae bCUII IJCi-fUIIIICd
gas ISO 14175-M21, but restricted-to
25 % CO,.

The symbol G shall be usedyto indica

ith shielding

A\r + 20 % to

e that some

other shielding gas was/\Used as agr¢ed between

supplier and purchaser!

classification

i PG are the

A = Flat position

B = Horizontal vertical position
IC = Horizontal position

D = Horizontal overhead position

E =Overhead position

=
=
A
=
A
[=

=\/ertical up nosition
P

PD = Horizontal overhead position
PE = Overhead position
PF = Vertical up position

PG = Vertical down position

Table 4B — Symbol for welding position
Table 4A — Symbol for welding position (Classification by tensile strength and
(Classification by chemical composition) chemical composition)
Symbol Welding positions @ Symbol Welding positiong 2

1 PA, PB, PC, PD, PE, PF and-PG 0 PA and PB

2 PA, PB, PC, PD, PE dnd PF 1 PA, PB, PC, PD, PE, PF or PG, or PF + PG

3 PA andPB @  PA = Flat position

4 PA PB = Horizontal vertical position

5 PA, PB and PG PC = Horizontal position

PG = Vertical down position
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4.7 Symbol for hydrogen content of deposited metal

The symbol in Table 5 indicates the hydrogen content determined in accordance with the method given in

ISO 3690.
Table 5 — Symbol for hydrogen content of deposited metal
Hydrogen content
Symbol ml/100 g deposited metal,
max.

H5 5

H10 10

H15 15
When the lefter H is included in the classification, the manufacturer shall state in his literature whethg

maximum hy
need to be p
shielding gag

Diffusible hydirogen shall be determined in accordance with ISO 3690.

4.8 Roun

For the purp
test values ¢
measured v3
the measure
average valu
only after ca
this Internati
International
results shall

5 Mechanical tests

5.1 Tensi
Tensile and i
weld metal t
manufacture

drogen level achieved is 15 ml, 10 ml or 5 ml per 100 g of deposited metal, and what restri
laced on the conditions of storage and on current, arc voltage, electrade-éxtension, polarit
to remain within this limit.

Hing-off procedure

pses of determining compliance with the requirements’ of this International Standard, the 3
btained shall be subjected to the rounding-off rules of ISO 31-0:1992, Annex B, Rule A.
lues are obtained by equipment calibrated in units other than those of this International Stan
d values shall be converted to the units of this International Standard before rounding off.
e is to be compared to the requirements of this International Standard, rounding-off shall be
culating the average. In the case where-the testing standard cited in the normative referend
onal Standard contains instructions:for rounding-off that conflict with the instructions o
Standard, the rounding-off requirements of the testing standard shall apply. The round
ulfil the requirements of the appropriate table for the classification under test.

e and impacttests

mpact tests'shall be carried out on weld metal in the post-weld heat-treated condition using
bst assembly type 1.3 in accordance with ISO 15792-1:2000 using 1,2 mm, or if this size
] the hext larger diameter manufactured, and welding conditions as described in 5.2 and 5.3

5.2 Prehéating and interpass temperatures

r the
tions
and

ctual
f the
dard,
If an
done
es of
f this
bd-off

an all-
is not

Preheating and interpass temperatures shall be selected for the appropriate weld metal type from Table 2.
The preheating and interpass temperature 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 2. If, after any pass,
this interpass temperature is exceeded, the test assembly shall be cooled in air to a temperature within the
limits of the interpass temperature.

10
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5.3 Pass sequence

ISO 17634:2004(E)

The procedures used for the welding of multi-run test assemblies shall conform to the requirements given in

Table 6A or Table 6B.

Table 6A — Pass and layer sequence
(Classification by chemical composition)

Table 6B — Pass and layer sequence
(Classification by tensile strength and chemical
composition)

6 Chemical analysis

Passes per layer Total Required | Passes per layer
Diameter Number | 92 Diameter | 2average Number
First Other [oflayers| . . ' heat Input First Othel | of layers
hm layer | layers?@ passes mm kJ/mm layer | layers?@
2 lor2 | 2o0r3 6to9 12t0 19 0.8
0’9 0,8t0 1,6 1or2 2or 6t09
1,410 2,0 1or2 2or3 5t08 10to 17 ’
2,4%0 3,2 1or2 2or3 4t07 7to 14 1.0
1’2 1,2t0 2,0 1or2 2or 6t09
a8  The final layer may have four passes. ’
1,4
16 144t0 2,2 1or2 2 or 5t08
2,0 1,8t024 1or2 2or 5t08
2:4 2,0t02,6 1or2 2o0r 4t08
2,8 20t02,8 1or2 2o0r 4t07
3,2 2,2103,0 1or2 2 4t07
@  The final layer may have four passes.

Chemical analysis is performed on any stuitable all-weld metal test specimen. The referee method is ISO 6847.

7 Fillet weld test

The fjllet weld test‘assembly shall be as shown in ISO 15792-3.
7A Classification by chemical composition

The Dlate _ma om ne

of materials for which the electrode is
recommended by the manufacturer, or shall be
unalloyed steel of 0,30 % C maximum. The fillet
welds shall be deposited as a single run using the
diameter of electrode and welding position shown in
Table 7A. Throat thickness, leg length and
convexity shall conform to the requirements of
Table 7A.

© I1SO 2004 — All rights reserved

analytical technique can be used but in case of dispute, reference shall be made to established published

7B Classification by tensile strength and
chemical composition

s s—slectrodss assified—as—slymbol 0 in
Table 4B, the fillet weld test shall be performed in
the PB position. For the electrodes classified as
symbol 1 in Table 4B, the fillet weld test shall be
performed in positions PE and PF or PG.

The plate material shall be unalloyed steel of
0,30 % C maximum. The welding procedure and the
size of the electrode to be tested shall be as
selected by the manufacturer. The fillet welds shall
be deposited as a single pass.

11
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Table 7A — Test requirements for fillet welds
(Classification by chemical composition)

Symbol of Maximum Maxi-
position for T?s.t Elet.:trzde '!'hroat leg length mum
classification| position size thickness difference cori\t\;lex-
mm mm mm mm
1or2 PB 24 5,5 min. 2,0 3,0
3 PB 2,4 5,5 min. 2,0 3,0
5 PB 2,4° 5,5 min. 2,0 3,0
1or2 PF | 24° |7,0max. spgc?;e g | 20
1,20r5 PD 1,29 4,5 max. 1,5 2,5
5 PG 1,29 | 4,5 min. spglc‘i’ftied 1,5¢
@  Where the |argest size claimed for positional welding is smaller
than that specifiqd, use the largest size and adjust criteria pro rata.
b or largest sige made up to 2,4 mm.
¢ Maximum sike for which positional classification is sought.
4 Oras reconjmended by the manufacturer.
€ Maximum concavity.

The maximum convexity and leg length diffe
shall conform to the dimensional requirements:

a)» Maximum convexity
2,0 mm for < 7,0 mm in measured fillet wel
size
2,5 mm for > 7,0 mm in measured fillet we
size

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

Incomplete fusion at the root of the weld sha
exceed 20 percent of the total length of the wel

ence

Il not
.

shall
new
their
shall

In the event that during preparation or after completion of any test, it is clearly determined that prescribed or
proper procedures were not followed in preparing the weld test assembly or test specimen(s), or in conducting
the tests, the test shall be considered invalid, without regard to whether the test was actually completed, or
whether the test results met, or failed to meet, the requirement. That test shall be repeated, following proper
prescribed procedures. In this case, the requirement for doubling the number of test specimens does not

apply.

9 Technical delivery conditions

Technical delivery conditions shall meet the requirements described in ISO 544 and ISO 14344.

12

© I1SO 2004 — Al rights reserved


https://standardsiso.com/api/?name=246db7eb5b023ab3f5793167c34d0971

10 Example of designation

ISO 17634:2004(E)

The designation of the tubular cored electrode shall follow the principle given in the examples below.

10A Classification by chemical composition

A tubular cored electrode (T) for gas shielded metal arc
welding deposits a weld metal with a chemical
composition within the limits of the alloy symbol CrMo1 of
Table 1. The electrode with a basic type core (B) was
testequnder mixed gas (M) and may be used in flat butt

10B Classification by tensile strength and
chemical composition

A tubular cored electrode (T) for gas shielded metal arc
welding deposits a weld metal with a minimum tensile
strength in the post-weld heat-treated condition of
550 MPa (55) and has a chemical composition within the
limits of the alloy symbal 1CM of Tabhle 1 The electrode

and flat fillet welds (4). Hydrogen is determined in
accorfance with SO 3690 and does not exceed
5 ml/4100g deposited metal (H5).

This is designated as follows:

ISO 17634-A - T CrMo1 B M 4 H5
Compulsory section:

ISO 17634-A -T CrMo1 B M
where
ISO 1|7634-A is the number of this International Standard,
with dassification by chemical composition;

T indicates a tubular cored electrode/gas shielded ‘metal

arc welding (see 4.1);

CrMo[l is the chemical composition of all-weld metal (see
Table|1);

B is the type of electrode core (s€e Table 3A);
M is the shielding gas (see.4<5);
4 is the welding position_(see Table 4A);

H5 is the hydrogen ‘content (see Table 5).

with a lime-fluoride slag (T5) was tested under Ar + 20 %
to 25 % CO, (M) and may be used jn\flat pnd horizontal
vertical position (0). Hydrogent\is determined in
accordance with SO 3690 and.”does| not exceed
5 ml/100g deposited metal (H5).
This is designated as follows:

1ISO 17634-B.~T55T5-0M-1CM-H5
Compulsory gection:

1ISO'17634-B - T55T5-0M-1CM
where
ISO 17634-B is the number of this Internatipnal Standard,
with classification by tensile strength fand chemical

composition;

T indicates a tubular cored electrode/metal arc welding
(see 4.1);

55 represents the tensile properties (see Taple 2);

T5 is the usability designator (see Table 3B];
0 is the welding position (see Table 4B);
M is the shielding gas (see 4.5);

1CM is the chemical composition of all-wgld metal (see
Table 1);

H5 is the hydrogen content (see Table 5).

© I1SO 2004 — All rights reserved
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Annex A
(informative)

Classification systems

A1 1SO 17634-A

The ISO 17634 classification system for tubular cored electrodes based upon chemical composition is s

in Figure A1.

hown

A.2 1SO 171634-B

The ISO 17634 classification system for tubular cored electrodes based upon tensile strength and che

composition

s shown in Figure A2.

Compulsory classification designators?®

ISO specification number. The "A" in the final position indicates
classification by chemical composition.

Designates a tubular cored electrode.

Chemical composition designatofZindicates composition of
all-weld metal (see Table 1).

Designator for type of elecCtrode core. The symbols "R, P, B, M and Z"
are used to indicate rutile, slow-freezing slag, rutile, fast-freezing slag,

l— Shielding gas designator (see 4.5 and 4.5A).

ISO 1763

4-A-T XXX X X X HX
Optional supplemental designatorsb

Optional supplemental diffusible hydrogen designator. "H5, H10
or H15" is used to indicate a maximum diffusible hydrogen content
of 5 ml/100 g, 10 ml/100 g or 15 ml/100 g of deposited metal, respectivg

—— Positionality designator. The symbol "1, 2, 3, 4 or 5" indicates the
welding position(s) for which the electrode is suitable (see Table 4A).

basic, metal powder (metal core electrodes), or other types, respectively.

mical

ly.

a The combination of these designators constitutes the tubular cored electrode classication.

b

14

These designators are optional and do not constitute part of the tubular cored electrode classification.

Figure A.1 — ISO 17634-A classification system for tubular cored electrodes
based upon chemical composition
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