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M L- E- 24403/ 2C( SH)
7 July 1989
SUPERSEDI NG

M L- E- 24403/ 2B( SH)
28 August 1985
(See 6.6)

M LI TARY SPEC!I FI CATI ON

ELECTRODES - WELDI NG, FLUX CORED, LOW ALLOY STEEL

This specification is approved for use by the Naval Sea Systens Command,
Department of the Navy, and is available for use by all Departnents and
Agenci es of the Departnent of Defense.

1. SCOPE

1.1 Scope. This specification covers lowalloy steel flux cored welding

el ectrodes for the fabrication of HY-80 and HY-100 steel weldnents for as-wel ded
applications.

1.2 dassification. El ectrodes shall be of the types specified (see 3.3)
and shall be of the forms and sizes in accordance with M L-E-24403. In addition
to the sizes specified in ML-E-24403, the 0.035-inch size may be used for
M L-101TC, ML-101TM M L-121TC, and ML-121TM type el ectrodes. Also, the 0.068-
and 0.072-inch sizes may be used for self-shielded el ectrodes.

2. APPLI CABLE DOCUMENTS

2.1 Governnent docunents.

2.1.1 Specifications, standards., and handbooks. The followi ng specifi-
cation, standards, and handbooks forma part of this document to the extent
specified herein. Unless otherwise specified, the issues of these docunents are
those listed in the issue of the Departnent of Defense |Index of Specifications and
Standards (DODI SS) and suppl ement thereto, cited in the solicitation (see 6.2).

Beneficial comments (recommendations, additions, deletions) and any pertinent
data which may be of use in improving this document should be addressed to:
Commander, Naval Sea Systems Command, SEA 5523, Department of the Navy,
Washington, DC 20362-5101 by using the self-addressed Standardization

Document Improvement Proposal (DD Form 1426) appearing at the end of this
document or by letter.

AVSC N A FSC 3439
DI STRIBUTI ON STATEMENT A.  Approved for public release; distribution is unlinted.
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SPECI FI CATI ONS

FEDERAL
BB- C- 101 - Carbon Dioxide (€0,): Technical and U S. P.
M LI TARY
M L-P-116 - Preservation, Mthods of.
M L-S-16216 - Steel Plate, Alloy, Structural, H gh yield strength

(HY-80 and HY-100).

M L- A- 18455 - Argon, Technical.

M L- E- 24403 - Electrodes - Welding, Flux Cored General Specifi-
cation for.

M L-S-24645 - Steel Plate, Sheet, or Coil, Age-Hardening Alloy,
Structural, Hgh Yield Strength (HSLA-80).

STANDARDS

M LI TARY
M L-STD-271 - Requirements for Nondestructive Testing Methods.
M L-STD-2149 - Standard Procedures for Explosion Testing Ferrous
and Non-Ferrous Metallic Mterials and Wl dnents.

(Unless otherwi se indicated, copies of federal and mlitary specifications,
st andards and handbooks are available fromthe Naval Publications and Forns
Center, (ATTN. NPCDS), 5801 Tabor Avenue, Philadel phia, PA 19120-5099. )

2.1.2 O her Governnent docunents, drawi ngs, and Publications. The follow ng
other Government docunents, draw ngs, and publications forma part of this
docunment to the extent specified herein. Unless otherw se specified, the issues
are those cited in the solicitation.

PUBLI CATI ON

NAVAL SEA SYSTEMS COWMVAND ( NAVSEA)
0900- LP-003-9000 - Radi ographic Standards for Production and Repair
Vel ds.

(Application for copies should be addressed to the Naval Publications and
Forns Center, (ATTN. NPCDS), 5801 Tabor Avenue, Philadel phia, PA 19120-5099.)

2.2 Non- Government publications. The follow ng docunent(s) forma part of
this document to the extent specified herein. Unless otherw se specified, the
i ssues of the documents which are DOD adopted are those listed in the issue of the
DODISS cited in the solicitation. Unless otherw se specified, the issues of
documents not listed in the DODI SS are the issues of the documents cited in the
solicitation (see 6.2).

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
E 83 - Standard Practice for Verification and C assification of
Ext ensonet ers. (DoD adopt ed)
E 604 - Standard Test Method for Dynamic Tear Testing of Metallic
Materi al s, (DoD adopt ed)
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(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadel phia, PA 19103.)

AMERI CAN VIEELDI NG SOCI ETY ( AWS)
A4 3 - Standard Methods for Deternmination of the Diffusible
Hydrogen Content of Martensitic, Bainitic, and Ferritic
Vel d Metal Produced by Arc Wl ding.
B4.0 - Standard Methods for Mechanical Testing of Wl ds.
(DoD adopt ed)

(Application for copies should be addressed to the Anerican Wl ding Society,
Inc ., 550 NW LeJeune Road, P.QO Box 351040, Mam, FL 33135.)

(Non- Gover nnent standards and other publications are-normally available from
the organizations that prepare or which distribute the docunents. These docunents
also may be available in or through libraries or other informational services.)

2.3 Oder of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes
precedence. Nothing in this docunment, however, supersedes applicable |aws and
regul ati ons unless a specific exenption has been obt ai ned.

3. REQUI REMENTS

3.1 Qualification. The el ectrodes furnished under this specification shal
be products which are authorized by the qualifying activity for listing on the
applicable qualified products list at the tine of award of contract (see 4.3 and
6.4).

3. 2 Conf ormance. El ectrodes furni shed under this specification shal
conformto the requirements of ML-E-24403 and as specified herein

3.3 Chemical conposition. The types and chenical conposition of the
deposited weld nmetal shall be as specified in table |

3.4 Mechanical properties. The nmechanical properties of deposited weld
netal shall be as specified in table Il

3.5 Soundness. Wl ds shall neet the acceptance standards for radiographic
i nspection in accordance with class 1 of NAVSEA 0900- LP- 003-9000.

3. 6 Hydrogen. For testing specified in AW A4.3, the diffusible hydrogen
levels in milliliters (m) per 100 grams of deposited weld nmetal shall not exceed
5.0 nL per 100 grams nmexi num average value nor 5.8 nL per 100 grans maxi mum single
val ue. El ectrodes with an LH suffix added to the designation shall not exceed 2.0
nL per 100 grams maxi mum average value nor 2.3 nL per 100 grans nmaxi mum single
val ue.
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1/ The ultimate tensile strength and percentage reduction of area shall be
recorded for information only.

2/ The yield strength shall be the average of duplicate speci mens nmeasured at
0.2 percent offset by using a class B extensoneter in accordance with
ASTM E 83, or better.

3/ Requirenments of either Charpy V-notch or dynam c tear shall be net.

4/ For each testing tenperature, the average values of five tests shall be
greater than the mni num average val ue specified. No tw speci nens shall
have val ues bel ow the mi ni mum average specified. One specinen may have a
val ue of 10 foot-pounds bel ow the mni mum average specified. Test procedure
for Charpy V-notch shall be in accordance with AW B4.0.

5/ Test procedure for 5/8-inch dynam c tear test shall be in accordance with

ASTM E 604.

The convex surface of the specinen after bending shall have no visual

cracks exceeding 1/8 inch. The corners of the specinmen shall have no
visual cracks exceeding 3/16 inch. The bend radius shall be 2t and the
tests conducted in accordance with AWS B4. 0.

7/ Explosion crack-starter test results shall neet the following criteria when

tested at 0 degrees Fahrenheit (°F):

N

(a) First shot - Crack-starter bead shall crack.
Percent reduction in thickness obtained for informa-
tion only.

No piece shall be thrown out of weldnents.
No through-thickness cracks shall be present.
No crack shall extend into hol d-down area.
Crack shall remain within 12-1/2 inch radi us nmeasured
from center of weldnent.
(b) Second shot - Percent reduction in thickness obtained for informa-
tion only.
No piece shall be thrown out of weldment.
Through-t hi ckness cracks are acceptable.
No cracks shall extend into hol d-down area.
Crack shall remain within 12-1/2 inch radius nmeasured
from center of weldnent.

Test procedure for explosion testing shall be in accordance with M L-STD 2149.

3.7 Alloy identity.

3.7.1 Sanpling for splices. For lots specified in ML-E-24403, each end of
strip to be spliced during processing shall be sanpled at the splicing station for
alloy identity (see 4.6), except when splicing is done to repair a break without
removing the strip fromthe process line. The sanple shall be tested for alloy
identity before shipment of the lot.

3.7.2 Sanpling of coils. Both ends of each coil rolled to final thickness
shall be tested for alloy identity (see 4.6) before further processing into
el ectrodes .
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4. QUALITY ASSURANCE PROVI SI ONS

4.1 Responsibility for inspection. Unless otherw se specified in the
contract or purchase order, the contractor is responsible for the performance of
all inspection requirements (exam nations and tests) as specified herein. Except
as otherw se specified in the contract or purchase order, the contractor may use
his own or any other facilities suitable for the performance of the inspection
requi renents specified herein, unless disapproved by the Government. The Govern-
ment reserves the right to performany of the inspections set forth in this
specification where such inspections are deenmed necessary to ensure supplies and
services conformto prescribed requirenents.

4.1.1 Responsibility for conpliance. Al items shall neet all requirements
of sections 3 and 5. The inspection set forth in this specification shall becone
a part of the contractor’s overall inspection system or quality program The
absence of any inspection requirenments in the specification shall not relieve the
contractor of the responsibility of ensuring that all products or supplies
submtted to the Governnent for acceptance conply with all requirenents of the
contract. Sanpling inspection, as part of the manufacturing operations, is an
acceptabl e practice to ascertain conformance to requirenents, however, this does
not authorize subm ssion of known defective material, either indicated or actual,
nor does it commt the Government to accept defective material.

4.2 Cassification of inspections. The inspection requirenents specified
herein are classified as follows:

(a) Qualification inspection (see 4.3).
(b) Quality conformance inspection (see 4.4).

4.3 Qualification tests. The quality assurance provisions shall be in
accordance with ML-E-24403 and as specified herein. El ectrodes selected in
accordance with M L-E-24403 shall be used for tests specified in table 111.

Schedul e A tests shall be conducted by the manufacturer, and upon successful
conpl etion of these tests, schedule B welding and testing will be conducted by the
Gover nment .

4.4 Quality conformance tests. El ectrodes selected in accordance with
M L- E- 24403 shall be used for tests specified in table 1V (see 6.3).

4.4.1 Inspection conditions. Unless otherw se specified, all inspections
shal | be performed in accordance with test conditions specified in M L-E-24403.

4.5 Wld netal test procedures.

4.5.1 Goove-weld netal test. The dinmensions of the test weldment and
the location of the tensile and inpact specinens are shown on figure 1. The
test assenmbly shall be wel ded, nmachined, and tested as outlined below  Tests
conducted shall be in accordance with table I1l, schedule A for qualification
or table IV for quality conformance testing.
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(a) The base-plate material shall be HY-80 steel for ML-10XTX and
M L-110TC or HY-100 for M L-12XTX electrodes. The base plates
shall be in accordance with ML-S-16216, except for quality
conformance testing when the Charpy V-notch is the only inpact
test being conducted, in which case the base plates may be in the
as-rolled condition and need only conformto the chemnical require-
q ents of ML-S16216. \When specified (see 6.2), the sane |ot of
M L- XTX el ectrodes shall be tested for quality conformance using
an HY-80 base plate weldment or a ML-S-24645 base plate wel dment.

(b) The welding position and type of shielding shall be in accordance
with the classification requirenents (see notes to table |).

(c) Direct current shall be used with the polarity recomended by the
el ectrode manufacturer. The welding current shall be within plus
or mnus 10 percent of the values as specified in table V.

(d) Testing shall be of the as-welded condition.

(e) The preheat and interpass tenperature shall be 250 + 25°F for HY-80
and HY-100 steel, except for steel conforming to ML-S- 24645, when
the tenperature shall be a mninmm of 60°F,

(f)  The wel di ng-heat input shall be 50,000 to 55,000 joules per inch.

(g) Peening of weld beads shall not be permtted.

(h) The test assenbly shall be prepared by using welding sequence and
t echni ques recommended by the el ectrode nmanufacturer which shall
be reported.

(i) Welding may be continuous except for interpass cooling. No
postwel d heat treatnents shall be enployed. Tine delays per pass
beyond that necessary for interpass cooling shall be reported.
The wel dment shall be slow cooled in still air upon conpletion of
wel di ng.

(j) Wen 48 hours have el apsed after conpletion of welding, the
wel dment shal |l have the reinforcenent and backing strip renoved
flush with the base plate on both surfaces and shall be exani ned
for soundness.

(k)  The weld shall be inspected radiographically in accordance wth
l evel 2-2T of ML-STD-271 and 3.5 herein.

(I)  Tension test specinens shall be machined and tested in accordance
with ANS B4.0. Tension testing shall be conducted at room
t enperature.

(mM  Charpy V-notch inpact testing, if selected, shall have specinens
machi ned and tested in accordance with AWs B4.0. Five Charpy V-
notch specinens shall be tested at each of the specified testing
t enper at ur es.

(n) Dynanmic tear testing, if selected, shall have speci nens machi ned
and tested in accordance with ASTM E 604. Two dynanic tear
specinens shall be tested at the specified testing tenperature.

4.5.2 Explosion crack-starter.

4.5.2.1 Wlding Paraneters. Fabrication of the explosion crack-starter
and nmechani cal property prolongation assenblies shall be as foll ows:

(a) The base plate shall be HY-80 steel in accordance with ML-S-16216.
(b) Dinmensions of the test assenblies shall be in accordance with
M L- STD- 2149.
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(c) The welding position and type of shielding shall be in accordance
with the classification requirements (see notes to table I).

(d) Direct current shall be used with the polarity reconmended by the
el ectrode manufacturer. The welding current shall be plus or
m nus 10 percent of the values specified in table V.

(e) The preheat and interpass tenperature shall be 225 % 25°F

(f)  The wel di ng-heat input shall be 50,000 to 55,000 joules per inch

(g) Peening of weld beads shall not be permtted.

(h) The test assenbly shall be prepared by using the wel di ng sequence
and techni ques recomended by the el ectrode manufacturer which
shal | be reported

(i) The joint surfaces shall not be clad or buttered.

(j) Welding may be continuous except for interpass cooling. No
postwel d heat treatnments shall be enployed. Time delays per pass
beyond that necessary for interpass cooling shall be reported.
The wel dnent shall be slow cooled in still air upon conpletion of
wel di ng

4.5.2.2 Prolongation assenbly. The prolongation assenbly shall be tested in
accordance with schedule B of table I11.
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1/ Types and sizes of electrodes shall be qualification tested in accordance
with schedule A of table IlIl. Test weldnments shall be made in the wel ding
position and with the type of shielding specified in the classification
requirenents (see notes to table I).

2/ The Charpy V-notch and the dynanic tear tests shall be conducted to deternine
conformance to the inpact requirements of table Il

3/ Types and sizes of electrodes shall be qualification tested in accordance
with schedule B of table Il to deternine conformance to the requirenents of
table 11 herein, except that the smaller size flat or vertical welding
el ectrodes (of the same type previously qualified) shall be evaluated on
the basis of Charpy V-notch and dynamic tear tests conducted at tenperatures
specified in table Il, and the explosion crack-starter test shall be
onitted.

4/ Wen a single electrode fornulation is being qualification tested for use
with both shielding gases (M L-XX0TC and M L-XX0TM or M L- XX1TC and
M L-XX1TM, the schedule A tests shall be conducted for each shielding gas
using one sanmple of the electrode. Schedule B tests shall be conducted
using the sanme sanple of the electrode and only the shielding gas that
produced the lower inpact test results.

11
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TABLE V. Electro size and welding current.

Electrode diameter Welding current
(inch) (amperes)
MIL-1X1TC MIL-1XO0TC MIL-1X1TS MIL-1XO0TS
MIL-1X1TM | MIL-1XOTHM
0.035 1/ 180 .-
.045 190 265 ---- R
.052 200 290 ---- -
.068 ---- ce-- 180 210
.072 ---- ---- 190 230
.120 ---- ---- ---- 400
1/16 220 330 c.ee ----
5/64 230 380 200 250
3/32 ---- 450 230 310
7/64 ---- 500 ---- ----
1/8 ---- 550 ---- ----
5/32 ---- 2/ ---- 525

1/ The 0.035-inch size may be used for ML-1X1TC and M L-1X1TM type

el ectrodes, and the 0.068- and 0.72-inch sizes nay be used for self-
shielding electrodes,
2/ Not specified.

13
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FIGURE 1. Groove weld metal test.
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dentity.

4.6.1 Procedure.

analysis, netal s

nmet hods. The test nethods shal

4.7 |nspecti

The alloy identity test nmethod may include chenica

orting devices, other approved nethods, or a conbination of

be prepared for approval by NAVSEA

on of packaging. Sanple packages and packs, and the inspec-

tion of the preservation,

packi ng and marking for shipment and storage shall be in

accordance with the requirements of section 5 and the docunments specified therein.

5. PACKAG NG

(The packagi ng requirements specified herein apply only for direct Govern-
ment acquisition.)

5.1 Ceneral

Packagi ng shall be as specified in ML-E- 24403, except that

el ectrodes in the forns specified (see table VI) shall be individually preserved-
packaged in accordance with submethod Ile of ML-P-116.

TABLE VI. Unit package sizes, Wweights. and tolerances
Form Package size (inches) Weight (pounds) 1/

3a 4 od 1-1/2 or 2-1/2
12 od 25
14 od 50 or 60

3b 22 od 250
24 od 300
30 od 600 or 750

34 12 id 25, 50, or 60

3e As specified (see 6.2) As specified (see 6.2)
15-1/2 od

4 20 od As specified (see 6.2)
23 od

1/ Tol erances on net

wei ght shal

15

be plus or minus 10 percent.
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6. NOTES

(This section contains information of a general or explanatory nature that
may be hel pful, but is not nandatory.)

6.1 Intended use.

6,1.1 General. This specification covers lowalloy steel flux cored welding
el ectrodes that are able to deposit radiographic quality weld netal when in the
as-wel ded condition neets the nechanical properties specified herein when wel ded
on HY-80 and HY-100 steels.

6.1.1.1 ML-type 110TC. This classification covers electrodes prinarily
designed for welding in the flat and horizontal positions using gas shielding.

6.1.1.2 ML-types 100TC. 100TM 120TC,__and 120TM_  These classifications
cover electrodes prinarily designed for welding in the flat and horizontal

positions using gas shielding.

6.1.1.3 ML-types 100TS and 120TS. These classifications cover el ectrodes
primarily designed for welding in the flat and horizontal positions. They are
sel f-shi el di ng.

6.1.1.4 ML-types 101TC_ 101T 121TC, and 121TM  These classifications

cover electrodes prinmarily designed for welding in all positions using gas
shi el di ng.

6.1.1.5 ML-types 101TS and 121TS. These cl assifications cover el ectrodes
primarily designed for welding in all positions. They are self-shielding.

6.1.1.6 LH suffix. The above el ectrodes with an LH suffix are used wth
substantially reduced preheat.

6.2 Acquisition requirenents. Acquisition documents nust specify the
fol | owi ng:

(a) Title, number, and date of this specification.

(b) Issue of DODISS to be cited in the solicitation, and if required,
the specific issue of individual documents referenced (see 2.1.1
and 2.2)

(c) Whether an additional test weldnent of steel conforming to
M L-S- 24645 steel base-plate material is required (see 4.5.1).

(d) Unit package size and weight required for electrode form 3e, and
unit package weight required for electrode form4 (see table V).

6.3 Consideration of data requirenents. The followi ng data requirenents
shoul d be consi dered when this specification is applied on a contract. The
applicable Data Item Descriptions (DD s) should be reviewed in conjunction with
the specific acquisition to ensure that only essential data are requested/provided
and that the DID's are tailored to reflect the requirements of the specific
acquisition. To ensure correct contractual application of the data requirenents,
a Contract Data Requirenents List (DD Form 1423) nust be prepared to obtain the
data, except where DoD FAR Suppl ement 27.475-1 exenpts the requirenent for a DD
Form 1423.

16
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Ref er ence Par agr aph DI D Nunber DD Title Suggested Tailoring
4.4 Dl -M SC-80678 Certification

Dat a/ Report

The above DID was cleared as of the date of this specification. The current issue
of DoD 5010 12-L, Acquisition Managenent Systens and Data Requirenents Contro

List (AVMSDL), nust be researched to ensure that only current, cleared DID's are
cited on the DD Form 1423.

6.4 (Qualification. Wth respect to products requiring qualification, awards
will be made only for products which are, at the tinme of award of contract,
qualified for inclusion in Qualified Products List QPL No. 24403 whether or not
such products have actually been so listed by that date. The attention of the
contractors is called to these requirenents, and nmanufacturers are urged to
arrange to have the products that they propose to offer to the Federal Governnent
tested for qualification in order that they may be eligible to be awarded
contracts or purchase orders for the products covered by this specification. The
activity responsible for the Qualified Products List is the Naval Sea Systens
Command, SEA 5523, Departnent of the Navy, Washington, DC 20362-5101 and i nforma-
tion pertaining to qualification of products nay be obtained fromthat activity.

6.5 Subject term (key word) listing

Argon and carbon dioxide shielding gas
Expl osi on crack-starter

Ext ensonet er

HY-80 steel wel dnments

HY- 100 steel wel dments

Radi ogr aphi c

6.6 Changes from previous issue. Marginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
ext ensiveness of the changes.

Preparing activity:
Navy - SH
(Project 3439-N637)
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