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RATIONALE

AMS4951H has been reaffirmed to comply with the SAE five-year review policy.
1. SCOPE
1.1 Form
This specification covers one grade of commercially pure titanium in the form ofavire for welding fillef metal.
1.2 Application

This wire has been used typically as filler metal for gas-metal-arc and‘gas-tungsten-arc welding with chemistry matched
to unalloyed titanium PYNS R50400, but usage is not limited to such dpplications.

1.3 Classification

Product covered by thlis specification is classified by melting practice as follows:

Type | - Multiple mglted with vacuum arc remelting as the last melting cycle.
Type Il - Single melted using either the electrof beam cold hearth or plasma arc cold hearth methgd.

1.3.1  Unless a spedific type is ordered, either type may be supplied.
2. APPLICABLE DOCUMENTS

The issue of the follo
extent specified hereif. The supplier may work to a subsequent revision of a document unless a specific document issue
is specified. When the refetenced document has been cancelled and no superseding document has been specified, the
last published issue of thatdocument shall apply.

ing documents in effect on the date of the purchase order forms a part of lFr{is specification to the

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2013 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit
Fax: — 724-776-0790 http://www.sae.org/technical/standards/AMS4951H
Email: CustomerService@sae.org
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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside

USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

AMS2249 Chemical Check Analysis Limits, Titanium and Titanium Alloys
AMS2814 Packaging and Marking of Packages of Welding Wire, Premium Quality
AMS2816 Identification, Welding Wire, Tab Marking Method

AMS2819 Identification, Welding Wire, Direct Color Code System

ARP1876 Weldability Test for Weld Filler Metal Wire

ARP4926 Alloy Verification and Chemical Composition Inspection of Welding Wire

2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohoc
Tel: 610-832-9585, www.astm.org.

en, PA 19428-2959,

ASTME 8 Tension Testing of Metallic Materials

ASTM E 1409 Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys by the Inert Gas Fusion
Technique

ASTM E 1447 Determination of Hydrogen in Titanium and Titapium Alloys by the Inert| Gas Fusion Thermal
Conductivity/Infrared Detection Method

ASTM E 1941 Determination of Carbon in Refractory and Reagtive Metals and Their Alloy$

ASTM E 2371 Analysis of Titanium and Titanium Alloys by -Atomic Emission Plasma Specfrometry

3. TECHNICAL REQUIREMENTS
3.1 Wire Composition

Shall conform to the percentages by weight shown in Table 1; carbon shall be determined
ASTM E 1941, hydrdgen in accordance with ASTME 1447, oxygen and nitrogen in accordance w

in accordance with
th ASTM E 1409, and

other elements in acgordance with ASTM E 2374./Other analytical methods may be used if acceptable to the purchaser.

| TABLE 1 - COMPOSITION
Element min max
Iron -- 012
Oxyge3.1.1.1) 0.08 0.16
Carbon (3.1.1.1) -- 0.03
Nitrogen (3.1.1.1) -- 0.015
HMydrogen (3.1.1.1) -- 0.005 (50 ppm)
Yitrium (3.1.1.2) -- 0.005 (50 ppm)
Strer Etements,each(3-+1+2) == 665
Other Elements, total (3.1.1.2) -- 0.20
Titanium remainder

3.1.1  Except for carbon, oxygen, nitrogen, and hydrogen, chemical analysis of initial ingot, ba

r, or rod stock before

drawing is acceptable provided the processes used for drawing or rolling, annealing, and cleaning are controlled

to ensure continued conformance to composition requirements.

3.1.1.1  Carbon, oxygen, nitrogen, and hydrogen shall also be determined on each lot of finished wire.

3.1.1.2 Determination not required for routine acceptance.
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3.1.2

Check Analysis

Composition variations shall meet the applicable requirements of AMS2249.

313

Sample size when using ASTM E 1447 for hydrogen may be as large as 0.35 gram.

3.2 Melting Practice

3.2.1  The atmosphere for nonconsumable electrode melting shall be vacuum or shall b&inert ¢
higher than 1000 mm of mercury.

3.2.2 The electrodg tip for nonconsumable electrode melting shall be water-cooled Gopper.

3.3 Condition

As drawn, having tensile strength not higher than 130 ksi (896 MPa), determined in accordance
descaled.

3.4 Fabrication

3.4.1

3.4.2

343

344

345

Type |l shall be singlg melted using electron beam cold hearth or plasma arc cold hearth melting pra

Type | shall be multiple melted with the last melting cycle under vacuum. When multiple melted, melting cycle(s) prior to
the final melting cycle shall be made using vacuum consumable electrode, nonconsumable electrode, electron beam cold
hearth, or plasma arc cold hearth melting practice(s). The final melting cycle shall be made under vacuum using vacuum
arc remelting (VAR) practice with no alloy additions permitted.

Wire shall b
wire. Surfa
provided the|wire conforms to the tolerances 0f.3.7.

rolled or drawn from rod or bar descaled by a process that does not affect t

In-process ahnealing, if required between.cold rolling or drawing operations, shall be perforr
material and| in a vacuum or in protectivé inert atmosphere to avoid surface oxidation an
extraneous glements unless the contaminated surface is subsequently removed mechanical

Butt welding| is permissible provided both ends to be joined are from the same heat and

Ctice

as at a pressure not

with ASTM E 8, and

e composition of the

irregularities inherent with a forming\process that does not tear the wire syrface are acceptable

hed after cleaning the
[l adsorption of other
y or chemically.

lot of material being

processed af the same timeg.or-the repair of a wire break is made at the wire processing stgtion, or identity of the

ends mainta|ned if the wirebreak is butt welded away from the wire processing station. T
interfere with the uniform,<uninterrupted feeding of the wire in machine welding equipment.

Drawing compounds,oxides, dirt, oil, and other foreign materials shall be removed by clea
will neither r¢sult\ifr pitting, nor cause gas absorption by the wire, nor deposition of substang

he butt weld shall not

hing processes which
es harmful to welding

operations.

Surface contaminants or dissolved hydrogen picked up during wire processing that can

adversely affect the

welding characteristics, the operation of the equipment, or the properties of the weld metal shall be removed.

3.5 Properties

Wire shall conform to the following requirements:

3.51

Weldability

Melted wire shall flow smoothly and evenly during welding and shall produce acceptable welds. ARP1876 may be used to
resolve disputes.
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3.5.2 Spooled Wire
Shall conform to 3.5.2.1, 3.5.2.2 and 3.5.2.3.

3.5.2.1  Winding

shall be level winding.

3.522 Cast

3523 Helix

Wire, wound on standard diameter spools as shown in Table 2 shall have imparted to it a curvaturg
sufficient in length t¢ form one loop with a 1-inch (25-mm) overlap, when cut from the spogl-and
shall form a circle (cast) within the limits shown in Table 2.

Filler metal in coils and on spools shall be wound so that kinks, waves, sharp bends, overlapping, or wedging are not
encountered, leaving the filler metal free to unwind without restriction. The outside end of the electrode (the end where
welding is to begin) shall be identified so it can be located readily and shall be fastened to avoid unwinding. The winding

such that a specimen
laid on a flat surface,

The specimen on which cast was determined, when laid on a flat surface and measured between adjacent turns, shall
show a vertical sepafation (helix) not greater than shown in Table 2.

I TABLE 2A - CAST AND HELIX REQUIREMENTS —INCH-POUND UNITS
Spool Diameter Cast Helix

Inches Inches Inch

min max max

4 2.5 9 0.50

8 10 20 0.75

12 15 30 1.00

I TABLE 2B - CAST AND HELIX REQUIREMENTS, SI UNITS
Spool Diameter Cast Helix
millimeters millimeters millimetery

min max max

102 64 229 13

203 254 508 19

305 381 762 25

3.6 Quality

Wire, as received by purchaser, shall be uniform in quality and condition, sound, and free from foreign materials and from
imperfections detrimental to welding operations, operation of welding equipment, or properties of the deposited weld

metal.

3.7 Sizes and Tolerances

Wire shall be supplied in the sizes and to the tolerances shown in 3.7.1 and 3.7.2.

3.7.1 Diameter

Shall be as shown in Table 3.
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TABLE 3A - SIZES AND DIAMETER TOLERANCES, INCH/POUND UNITS

Nominal Diameter Tolerance, Inch

Tolerance, Inch

Form Inch Plus Minus
Cut Lengths 0.030, 0.045, 0.062, 0.078 0.002 0.002
Cut Lengths 0.094, 0.125, 0.156, 0.188 0.002 0.002
Spools 0.007, 0.010, 0.015 0.0005 0.0005
Spools 0.020, 0.030, 0.035, 0.045 0.001 0.002
Spools 0.062, 0.078, 0.094 0.002 0.002
TABLE 3B - SIZES AND DIAMETER TOLERANCES, S| UNITS
Nominal Diameter Tolerance, Millimeter Tolerance, Millimeter
Fpr‘m Millimeters Plus Minus-
Cut Le]:gths 0.76,1.14, 1.57, 1.98 0.05 0.05
Cut Lengths 2.39, 3.18, 3.96, 4.78 0.05 0.05
Spools 0.18, 0.25, 0.38 0.013 0:013
Spools 0.51, 0.76, 0.89, 1.14 0.03 0.05
Spools 1.57,1.98, 2.39 0.05 0.05
3.7.2 Length

Cut lengths shall be
or 27 inch (305, 457
ordered.

4. QUALITY ASSU

41 Responsibility

The vendor of wire ghall supply all samples for vendor's\tests and shall be responsible for the perfq

tests. Purchaser res
the wire conforms to

4.2 Classification
421 Acceptance

Composition (3.1),
performed on each N

4.2.2 Periodic Tes

[for Inspection

furnished in 36 inch (914 mm) length, unless specified-otherwise. Other stand
or 686 mm). Length, as ordered, shall not vary mare than +0, -0.5 inch (+0, -1

RANCE PROVISIONS

erves the right to sample and toiperform any confirmatory testing deemed ne
specified requirements.

bf Tests
Tests

condition (373)) tolerances (3.7), and alloy verification (5.2) are acceptand
eat or lot @syapplicable.

ts

ard lengths are 12, 18,
3 mm) from the length

rmance of all required
Cessary to ensure that

e tests and shall be

Weldability (3.5.1), cas 22 52
the vendor unless frequency of testing is specified by purchaser.

4.3 Sampling and

Testing

afrequency selected by

Shall be as follows; a lot shall be all wire of the same nominal size from the same heat processed under the same
conditions in the same production run:

431

4311

For Acceptance Tests

Composition

One sample from each heat; except that for carbon, oxygen, nitrogen, and hydrogen, one sample from each lot at finished

diameter, obtained a

fter all thermal and chemical processing is completed.
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