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ELECTRON-BEAM WELDING

1. SCOPE:
1.1 Purpose:

This speclification defines the procedures and requirements~for jofining metals
and alloyjs using the electron-beam (EB) welding process?

1.2 Applicatipn:

edures are used typically for electron-beam welding of perospace
components in hard and soft vacuum atmospheres. Although intended primarily
for procedures not covered by AMS 2680, usage is not limited to such
applicatifpns.

2. APPLICABLE| DOCUMENTS:

The following publications form a part of this specification to the extent
specified herein. The latest issue of SAE publications shall apply. The
applicable| issue of other pub}ications shall be the issue in effect on the
date of the purchase order.

2.1 SAE Publilcations:
Availabl
AMS 2630

AMS 2631
AMS 2632

from SAE,.400 Commonwealth Drive, Warrendale, PA 15096-0001.

Ultrasonic Inspection, Product over 0.5 inch (12.5 mm) Thick

Ultrasonic Inspection, Titanium and Titanium Alloy Bar and Billet

Ultrasonic Inspection of Thin Materials; 0.5 inch (13 mm) and

hinner

AMS 2635 Radiographic Inspection

AMS 2640 Magnetic Particle Inspection

AMS 2645 Fluorescent Penetrant Inspection

AMS 2680 Electron Beam Welding, For Fatique Critical Applications

ARP1317 Electron Beam Welding

ARP1333 Nondestructive Testing of Electron Beam Welded Joints in
Titanium-Base Alloys

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 1992 Society of Automotive Enginears, Inc.
All rights reserved. Printed in U.S.A.
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2.2 U.S. Government Publications:

2.3

Available from Standardization Documents Order Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

MIL-STD-453
MIL-STD-1595

MIL-STD-1949
MIL-STD-6866

Inspection, Radiographic

Qualification of Aircraft, Missile, and Aerospace Fusion
Welders

Inspection, Magnetic Particle

Inspection, Liquid Penetrant

MIL-STD-2073-1 DOD Materiel, Procedures for Development and Application of

Packaging Requirements

AIA Pubflications:

Availablle from National Standards Association, Inc., 4827)Rugby| Avenue,

Washington, D.C. 20014.
NAS 976[ Electron Beam Welding Machine

3. TECHNICAL REQUIREMENTS:

3.1 Materials:

3.1.1 Parent Materials: Shall be as specified on the applicable part drawing.

(R) (See ARP1317 for guidelines.)

3.1.2 Filler Materials: When requiredy.'filler metal shall be as specified on

(R) the part drawing.

3.1.3 Cleanjng Materials: Cleaning materials, chemical solvents, apd etching
solutfons shall be as specified on the part drawing or in the[certified
weldipg schedule.

3.2 Equipmept:

3.2.1 Electron-Beam Melding Equipment: Shall be capable of producipg welds

(R) meetipg the requirements of 3.6 and 3.7. Equipment conforming to NAS 976
shall|be acceptable.

3.2.2 Jigs and)'Fixtures: Al1 holding fixtures shall be capable of paintaining
the desi i i i g, iding back-up
as required, and allowing required work space between the work piece and
the electron gun. Back-up material used to deflect or absorb residual
electron-beam energy shall be of the same alloy as the part being welded
except that alternate back-up materials may be used when approved by
procedure certification as in 3.4.2. Tooling within 6 inches (152 mm) of
the weld joint shall be made from nonmagnetic materials or be degaussed to
acceptable limits (See 3.2.3).

3.2.3 Degaussing: Ferromagnetic materials and tooling shall, prior to welding,

be demagnetized to a level established by procedure certification (3.4.2)
which prevents electron-beam deflections while welding the joint.
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Distributed under license from the IHS Archive



https://saenorm.com/api/?name=fbd58e2052914341dc21bb6ae50ae7aa

SAE AMS%2bALA 92 ER 7943725 0527123 994 M

AMS 2681A SAE AMS 2681A

3.3 Preparation:

3.3.1

3.3.2

(R)

3.3.5

Joint and surface preparation, prior to welding, shall be as follows and
shall be included as part of the approved procedure certification:

Joint Preparation: Joints shall be prepared to conform to requirements
specified on the part drawing.

Edge Preparation: Edges shall be machined square and parallel to ensure
proper fit-up. Joints shall have no rounded-off edges, but shall be
deburred after machining. (See ARP1333 for guidelines.)

Joint Hdges: Immediately prior to assembly for welding, joint)|edges may
be additionally prepared, depending on the alloy being welded, |by either
hot alKaline cleaning, acid pickling, solvent cleaning (non-halogenated for
titaniym alloys), wire brushing with a stainless steel byrush and solvent
(non-hdlogenated for titanium alloys) cleaning, or, for alumindm alloys,
scraping of joint faying surfaces.

Pre-Weld Fit-Up: Gap shall not exceed the limits shown in Table 1, unless
otherwise specified on the certified weld schedule:

TABLE 1 - GAP LIMITS

Thickness Gap, max
Up to 0.009 inch (0.23 mm),  incl 5% of joint thickness
Ovenr 0.009 to 0.061 inch
(9.23 to 1.55 mm), incl 10% of joint thickness
Over 0.061 to 1.49_ inch
(1.55 to 37.8 mm), incl Not to exceed 0.010 ingh
(0.25 mm)
Overr 1.49 inch (37.8 mm) Not to exceed 0.005 ingh
(0.13 mm)

Weld Start and Run-Off Tabs: Tabs, when used, shall be of the same alloy
as the detail parts being welded and shall be cleaned in the same manner as
the parts. Tabs shall be integral with the part, either being machined in,
or welded to, the part pieces prior to assembly.

Surface Preparation: Surfaces of parts to be welded shall be prepared
using alkaline or acid cleaners, solvents (non-halogenated for titanium
alloys), pickling, or combinations thereof as applicable to the alloy being
welded. Welding should commence within 40 hours after surface preparation,
unless otherwise permitted or restricted by purchaser.
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3.3.

3.3.

3.3.

3.4

3.4.

(R)

3.4.

3.4.

3.4.2.1.

3.4.

3.4.

6.1 After surface preparation, parts shall be handled in the joint area with
clean, lint-free gloves and shall be covered or otherwise protected to
prevent contamination.

7 Accessory Equipment Preparation: Jigs, fixtures, and measuring devices
shall be free of scale, grease, protective coatings, oxides, dust, oil, and
other foreign materials detrimental to the welding process.

7.1 Handle cleaned surfaces with clean, lint-free gloves.

Procedure:

1 Electrpn beam weld operators shall be certified. Unless other] methods are
speciffied by purchaser, operators certified in accordance with MIL-STD-1595
shall pe acceptable.

1.1 Perspnnel performing welding in accordance with this specifilcation shall
be qualified under the cognizance and supervision of the deslignated
weldling activity and approved by the cognizant gquality contrpl activity.
Qualfified personnel shall be assigned a stampwith a number jor symbol
that| shall be used to identify all weldments-made by such personnel.

.1.2 An operator undergoing qualification teésting may weld a cert|fification

plate in accordance with 3.4.2 according to a pre-established schedule as
part| of the test.

.2 Procedure Certification: Prior toproduction, a separate weld schedule

shall pe established for each jeint and alloy or alloy combination to be
welded. The schedule shall be prepared for each alloy, penetrjation, weld
joint fonfiguration, and for_each cosmetic pass configuration,| if required,
accordiing to Table 3 as a(minimum requirement.

2.1 Tackling/Locking Passes: A tack weld or locking pass may be used to

restrict relative-motion in the weld assembly prior to the flirst full
ration pass.’ Weld schedule certification of a tack weld or locking
is not required provided all evidence of the tack weldipg is
iterated-by the actual weld through fusion.

2.1.1 A tacking pass, other than a full-penetration pass and made with a
power/ density setting substantially reduced from the certilfied
setti i joji to and
including the full length of the weld.

2.1.2 A full-penetration tacking pass using certified parameters may be

utilized but shall not exceed 10% of the weld joint length. This
locking pass shall terminate in the starting or stopping tabs, when
applicable.

2.2 Cosmetic Pass: Cosmetic passes for bead appearance improvement may be
applied at any time after completion of the initial full-penetration
pass. Cosmetic passes, if used, shall be certified in accordance with
3.4.2.

-4 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=fbd58e2052914341dc21bb6ae50ae7aa

SAE AMS*2b8LA 92 NN 7943725 0527125 7h7 WM

AMS

2681A

SAE

AMS 2681A

3.4

3.4,

3.4.

3.4.3.

3.4.3.

3.4.3.4.

(R)

3.4.3.

(R)

3.4.

3.4.4,

3.4.

3.4.

.3 Procedure Recertification:

Recertification of weld schedules
required for failed test welds and when any change is made to
parameters:

shall be
the following

.1 When a change is made in parent metal composition or a change in

thickness in excess of +10% (not applicable to cosmetic-pass-weld

configuration).

.2 When a change is made in joint design (not applicable to cosmetic-pass-

weld configuration), but not necessarily after changes in length of

joint.

the welding position (relationship between the gun angl
angie) is changed.

a change is made in any one of the machine settings (it
ugh 20 of Table 3).

e use of the beam-deflection switch, item 19of Table 3,

a machine other than the machine used ‘for weld procedur
ification tests is used.

tion Welding: Production parts<shall be welded in accon
rameters established in the certified weld schedule of 3

ing Environment: Electron-beam welding shall be perforn
um at a partial pressure-not exceeding 1 x 107° Torr (0.
ing the chamber after(welding shall not occur less than
r completion of welding, unless otherwise established in
edure certification.

ing and Identification: Each weld shall be traceable to 1
ing and identifiable to the welding operator, and shall be
waived by-purchaser.

A rework shall be a full or partial electron-beam per
lished subsequent to the full-penetration weld. Rework
ections, sgch as cosmetic passes‘for corregtion of'under

ed j t, 4

e and the

ems 14 and 16

need not be

nsidered when used for the purpose of scdnning or beam dlignment.

e

dance with
.4.2.

ed in a
33 Pa).

2 minutes
the

he date of
recorded,

etration weld
of

fill, as well
nd other

defects may be accomplished by electron-beam welding in accordance with a

certified welding schedule.

Restarting of the electron beam after an

arc-out shall not be classified as a rework but the reason, location, and

method shall be recorded.

3.5 Post Treatment:

3.5.1

(R)

Machining: Machining of face or root surfaces, or both, shall
specified by the applicable part drawing and/or the certified
schedule.
thickness by more than 5% of weld depth of penetration.

be as
weld

Postweld machining or blending shall not decrease material

-5 -
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3.5.2 Heat Treatment: Weldments requiring heat treatment shall be processed in
accordance with part drawing requirements.

3.6 Properties:

3.6.1
3.6.1

3.6.1
(R)

3.7
(R)

3.7.1

3.7.1

3.7.2

Specimens taken from test plates, actual parts, or simulated parts produced

for procedure certification as in 3.4.2 shall conform to the foll
requirements:

owing

Metallurgical Examination for Soundness, Bead Shape, and Weld Width:

.1 Macrr 0 N 0 ho ald 9 onform 0 ha - minimum cay
the part drawing for weld size, location, length, and configy
Sections shall be taken transverse and parallel to the weld d
shall be examined at 10X magnification. In full penetration
minimum weld bead width shall be established and recorded.

.2 Certification test welds shall meet all requirements of the p

and

Quality:

.ic particle inspection in-accordance with AMS 2640 or MI
combination thereof, and-shall conform to the following

The weld bead and .adjacent parent metal shall have a cdg
to thaf of the unwelded-parent metal. Discoloration due to vap
deposition occurring'during welding is acceptable. Areas that
loose gpatter shall-be mechanically cleaned to remove loose pan
Cosmetic passes_shall not be used to change color.

.1 In the casevof titanium alloys, this color shall be a bright
light straw-colored in appearance; blue-gray or gray discolon

presgnce’of loose scale is not acceptable.

Joints shall show evidence of complete penetratio
Penetration for tube welds s

Penetration:
welds, tee welds, and butt welds.
specified on the part drawing.
shall not exceed 1T or 0.070 inch (1.78 mm), whichever is less,
otherwise specified by the certified weld procedure. Weld rein
shall blend evenly into the adjacent base metal with no sharp n

Incomplete Fusion:
Not less than 0.010 inch (0.25 mm) of parent metal from each si
joint shall be included in the welded area. Fillet welds shall
complete fusion at the root of the joint.

irements of

ration.
irection and
welds,

art drawing

t 10X
accordance
nce with AMS
to
IL-STD-6866,
L-STD-1949,

lor similar
or

exhibit
ticles.

silver or
ation or the

non fillet
hall be as

In all other cases, weld root reinforcement

except as
forcement
otches.

Incomplete fusion or missed seams are not acceptable.

de of the
show
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3.7.4 Cracks: Cracks are not acceptable.

3.7.5 Voids and Pores: Voids and pores open to the surface are not acceptable
unless they are subsequently to be removed by machining or blending.

3.7.6 Underfill and Concave Root Surfaces: The cumulative depths of underfill of
face and root surfaces shall not exceed the post-weld machining allowances
specified on the part drawing. The allowable underfill for each surface
not machined after welding shall be 10% of the joint thickness or as
specified on the drawing.

3.7.7 Undercut—and—Re9%—Ne%ehes+——Nhe#e—penmissible,-shall-nsi_exceedaengineering
drawing [tolerances. When not specifically noted, undercut or nrgot notches
shall ndt exceed 10% of material thickness total and shall be ‘bllended to
have not| Tess than 0.06 inch (1.5 mm) root radius.

3.7.8 Overlapy: Protrusion of weld metal beyond the toe, face, or rogt of the
weld is [not acceptable.

3.7.9 Mismatch: Shall not exceed the limits shown in_ Table 2.

(R)

TABLE 2 - MISMATCH
Thickness Maximum Mismatch
Up to 0.250 inch 10% of joint thickness on
(p.35 mm), incl 0.010 inch (0.25 mm),
whichever is less
Over 0.250 inch (6,35 mm) 10% of joint thickness or
0.030 inch (0.76 mm),
whichever is less
3.7.10 Interndl Discontinuity Limits:
3.7.10.1 Maximum\Pore Diameter: The following limits apply to aluminym,
titanium, iron, nickel, and cobalt alloys for various applicdtions:
3.7.10.1.1 0.25 Inch (6.4 mm) and Under in Nominal Thickness: Shall not exceed
0.33T7 or 0.060 inch (1.52 mm), whichever is less.

3.7.10.1.2 Over 0.25 Inch (6.4 mm) in Nominal Thickness: Shall not exceed 0.337

or 0.125 inch (3.18 mm), whichever is less.

3.7.10.2 Other Discontinuities: Maximum number of pores, total defect area, and

defect spacing shall be as specified by purchaser.

(See ARP1

AMS 2680 for guidelines.)

317 and

-7 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=fbd58e2052914341dc21bb6ae50ae7aa

SAE AMSx2b81A 92 BN 7943725 0527128 47L N

AMS 2681A SAE AMS 2681A

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

(R)

The welding vendor shall be responsible for performing all required tests.
Purchaser reserves the right to sample and to perform any confirmatory
testing deemed necessary to ensure that welded parts conform to the
requirements of this specification.

4.2 Cl
4.2.1

4.2.2

4.2.2.1

4.3 Sampling and Testing:

(R)

assification of Tests:

Acceptance TJests: Tests for quality (3 are—acceptance tests and shall
be pérformed on each weld.

Preproduction Tests: Tests for all technical requirements inpcluding
procédure certification tests are preproduction testscand shgll be
performed prior to or on the initial shipment of a welded part to a
purchaser and when purchaser deems confirmatory testing to be required.

requested, preproduction test material shaM be submitted to the
cognizant agency as directed by the procuring activity, coptracting
officer, or request for procurement.

For direct U.S. Military procurement, substantiating test iata and, when

uence and

Shall be in accordance with the folltowing; a lot shall be all zarts of the

same alloy(s) of one configuratian processed at one time in se
presented for vendor’s inspection at one time:

4.3.1
4.3.2

4.4 Approval:

4.4.1
(R)

4.4.2
(R)

For Acceptance Tests: A1) production weldments.

For Procedure Certification: Not less than three welds for procedure
cert{fication (3.4.2) representative of each joint in the part or assembly.
When|test welds . are made on actual hardware, one part may be|welded for
proceédure certification (3.4.2).

The purchaser shall approve the vendor’s facilities, inspection methods,
and nproce ontro hefore prod ion p3 are nplied

When required by purchaser, sample welded parts and the welding procedure
shall be approved by purchaser before parts for production use are
supplied. If necessary to make any change in procedures or methods of
inspection, the welding processor shall submit for reapproval details of
the pg?posed changes and, when requested sample welded joints or
assemblies.

-8 -
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4.5 Reports:
The vendor of welded parts shall furnish with each shipment a report showing
the results of tests on each lot to determine conformance to the acceptance
test requirements and stating that the parts have been processed in
accordance with the certified welding procedure by certified welding
operators. This report shall include the purchase order number, AMS 2681A,
part or assembly number, and quantity.
5. PREPARATION FOR DELIVERY:
5.1 Identification:
Welded pdrts shall be identified as specified on the part drawing| or as
agreed ugon by purchaser and vendor.
5.2 Protectiye Treatment:
When reqyired, welded parts shall be given a suitabléprotective treatment as
specified in the process schedule or on the part_drawing.
5.3 Packaging:
5.3.1 Welded |parts shall be handled and packaged in a manner to ensurp that the
requirgd physical characteristics of the parts are preserved.
5.3.2 Packagds of parts shall be preparedfor shipment in accordance with
(R) commerdial practice and in compliance with applicable rules and| regulations
pertairing to the handling, packaging, and transportation of the parts to
ensure [carrier acceptance and safe delivery.
5.3.3 For dinect U.S. Military procurement, packaging shall be in accprdance with
(R) MIL-STO-2073-1, Commercial Level, unless Level A is specified ip the
requestl for procurement.
6. ACKNOWLEDGMENT:
A vendor ghall mention this specification number and its revision [letter in
all quotafions-and when acknowledging purchase orders.
7. REJECTIONS:
Parts not welded in accordance with this specification, or to modifications
authorized by purchaser, will be subject to rejection.
8. NOTES:
8.1 Marginal Indicia:

The (R) symbol is used to indicate technical changes from the previous issue
of this specification.
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