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1. SCOPE: 

1.1 Purpose: 

This specification defines the procedures and requirements for joining metals 
and alloys using the electron-beam welding process. 

1.2 Application: 

These procedures are used typically for high-qual ity, electron-beam welding 
o f  aerospace components, the failure of which could cause loss of the 
aerospace vehicle or one of its major components, loss of control, or 
significant injury to occupants of a manned aerospace vehicle, but usage is 
not limited to such applications. 

1.2.1 The procedure covered by this specification is recommended for square 
groove and square scarf-butt joints for fatigue critical applications. 

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 publications shall be the issue in effect on the 
date of the purchase order. 

2.1 SAE Publications: 

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

AMs 2630 Ultrasonic Inspection, Product Over 0.5 Inch (12.5 mm) Thick 
AMS 2631 Ultrasonic Inspection, Titanium and Titanium Alloy Bar and Billet 
AMS 2632 Ultrasonic Inspection of Thin Materials, 0.5 Inch (13 mm) and 

Thinner 

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: 

five years at which time it may be reaffirmed, revised, or ' cancelled. CAE invites your written 

Printed in U.S.A. 
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2.1 

2.2 

2.3 

2.4 

2.5 

SAE Publ i c a t i o n s  (Continued) : 

AMs 2635 Radiographic Inspect ion 
AMs 2640 Magnetic P a r t i c l e  Inspect ion 
AMs 2645 Fluorescent Penetrant Inspect ion 
ARP1333 Nondestructive Testing o f  Electron Beam Welded J o i n t s  i n  

T i  t a n i  um-Base A l  1 oys 

ASTM Publ i c a t  ions : 

Avai lab le from ASTM, 1916 Race Street, Phi ladelphia, PA 19103-1187. 

ASTM E 8 Tension Test ing o f  M e t a l l i c  Mater ia ls  
ASTM E 8M Tension Test ing o f  M e t a l l i c  Mater ia ls  (Metr ic)  

U.S. Government Publ icat ions:  

Avai lab le from Standardization Documents Order Desk, Bu i l d ing  40, 700 Robbins 
Avenue, Phi ladelphia, PA 19111-5094. 

M I  L-STD-453 
MIL-STO-1595 Q u a l i f i c a t i o n  o f  A i r c r a f t ,  Miss i le ,  and Aerospace Fusion 

MIL-STD-1949 Inspection, Magnetic P a r t i c l e  
MIL-STD-2073-1 DOD Mater ie l ,  Procedures f o r  Development and Appl i c a t i o n  o f  

MIL-STD-6866 Inspect i on, L i  quid Penetrant 

ANSI Publ i ca t i ons :  

Avai lab le from American National Standards I n s t i t u t e ,  Inc., 1430 Broadway, 
New York, NY 10018. 

ANSI 846.1 Surface Texture 

A I A  Publ icat ions:  

Avai lab le from National Standards Association, Inc., 4827 Rugby Avenue, 
Washington, DC 20014. 

NAS 976 Elect ron Beam Welding Machine 

Inspect i on, Rad i ograp h i c 

We1 ders 

Packaging Requirements 

3. TECHNICAL REQUIREMENTS: 

3.1 Mater ia ls:  

3.1.1 Parent Mater i  a l  s: Shal 

3.1.2 F i l l e r  Mater ia ls :  When 
p a r t  drawing. 

be as speci f ied on the appl icable p a r t  draw ng. 

required, f i l l e r  metal s h a l l  be as spec i f i ed  on the 
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3.1.3 Cleaning Materials: Cleaning materials, chemical solvents, or etching 
solutions shall be as specified on the part drawing or in the certified 
welding procedure. 

3.2 Equipment: 

3.2.1 Electron-Beam Welding Equipment: Shall be capable of producing welds 
meeting the requirements of 3.6 and 3.7.  
is accepted as meeting this requirement. 

Equipment conforming to NAS 976 

3.2.2 Jigs and Fixtures: All holding fixtures shall be capable of maintaining 
the desired configuration and tolerances during welding, providing back-up 
as required, and allowing required work space between the work piece and 
the electron gun. 
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. 
the weld joint shall be made from nonmagnetic materials or be degaussed to 
acceptable limits (See 3.2 .3) .  

Back-up material used to deflect or absorb residual 

Tooling within 6 inches (152 m) of 

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. 

3.3 Preparation: 

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

3.3.1 

3.3.2 

3.3.3 

3 .3 .4  

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. Unless otherwise specified, faying surfaces of 
joints shall have a surface texture not greater than 125 microinches 
(3.2 pm), determined in accordance with ANSI 846.1. Witness lines, when 
specified, shall be applied in accordance with part drawing requirements 
(See ARP1333 for guidelines). Dry machining is recommended for edge 
preparation of reactive metals. 

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

Surface Preparation: Surfaces of parts to be welded shall be prepared 

as 
n, 

using al kaline 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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3.3.4.1 Parts, after surface preparation, shall be handled in the joint area with 
clean, lint-free gloves and shall be covered or otherwise protected to 
prevent contamination except during Set-up, welding, and inspection. 

3.3.5 Joint Edges: Immediately prior to assembly for welding, joint edges may be 
additionally prepared, depending on the alloy being welded, by either 
al kaline cleaning, acid pickling, solvent cleaning (non-halogenated for 
titanium alloys), wire brushing with a stainless steel brush and solvent 
(non-halogenated for titanium alloys) cleaning, or, for aluminum alloys, 
scraping of joint faying surfaces. 

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

3.3.6.1 Handle cleaned surfaces only with clean, lint-free gloves. 

3.3.7 Pre-Weld Fit-Up: Gaps for production welding shall not exceed gap 
distance used for procedure certification as in 3.4.2. 
electron beams (high voltage guns), a suggested maximum allowable gap is 
0.001 inch (0.03 mm). For larger diameter electron beams (low or medium 
voltage guns), the suggested maximum allowable gaps are 0.001 inch 
(0.03 mm) for material thicknesses up to 0.020 inch (0.51 mm) and 
0.005 inch (0.13 mm) for thicker material. 

For small diameter 

3.4 Procedure : 

3.4.1 Qualification of Welding Operators: Electron-beam welding shall be 
performed by certified operators qualified in accordance with procedures 
approved by purchaser. 

3.4.1.1 Personnel performing welding in accordance with this specification shall 
be qualified under the cognizance and supervision of the designated 
welding activity and approved by the cognizant quality control activity. 
Qualified personnel shall be assigned a stamp with a number or symbol 
that shall be used to identify all weldments made by such personnel. 

3.4.1.2 An operator undergoing qualification testing may weld a certification 
plate in accordance with 3.4.2 according to a pre-established schedule as 
part of the test. 
procedure shall be considered certified. All parameters used for welding 
the certification plate shall be recorded in the weld procedure, Table 1. 

If the operator successfully qualifies, the weld 

3.4.1.3 Operators certified in accordance with MIL-STD-1595 shall be considered 

3.4.2 Procedure Certification: Prior to production, a separate weld schedule 

The schedule shall be prepared for each penetration weld joint 

qualified to weld in accordance with this specification. 

shall be established for each joint and alloy or alloy combination to be 
welded. 
configuration, and for each cosmetic pass configuration, if required, 
according to Table 1 as a minimum requirement. Where minimum tensile 
strength requirements are specified as a requirement of the weld, the 
fol 1 owing procedures shall apply: 
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3.4.2.1 For a f u l l  pene t ra t i on  weld j o i n t ,  a t e s t  p l a t e  conforming t o  F igure  1 
s h a l l  be welded i n  accordance w i t h  t h e  prepared weld procedure and 
submitted t o  t h e  cognizant q u a l i t y  c o n t r o l  a c t i v i t y  f o r  t e n s i l e  t e s t i n g .  
Where t h e  t e s t  p l a t e  o f  F igure 1 i s  no t  an appropr ia te  representa t ion  o f  
t h e  p a r t s  t o  be welded, as i n  t h e  case o f  forg ings,  cast ings,  tub ing,  o r  
o the r  geometric considerations, t h e  procedure s h a l l  be es tab l i shed on 
ac tua l  o r  simulated p a r t s  as agreed upon by purchaser and vendor. 

3.4.2.2 For t h e  cosmetic pass conf igura t ion ,  a t e s t  p l a t e  conforming t o  F igure  2 
s h a l l  be welded i n  accordance w i t h  the  prepared weld procedure and 
submitted f o r  m e t a l l u r g i c a l  examination i n  accordance w i t h  3.6.2.2. The 
cosmetic pass con f igu ra t i on  s h a l l  be made as a bead-on-previously- 
deposited f u l l - p e n e t r a t i o n  weld. The cosmetic pass c o n f i g u r a t i o n  t e s t  
sample may a l so  be taken from a simulated o r  actua l  p a r t  as s p e c i f i e d  by 
purchaser. 

3.4.2.3 Upon acceptance o f  t h e  t e s t  p iece(s)  ( e i t h e r  F igure 1, actua l  p a r t ,  o r  
s imulated p a r t )  f o r  e i t h e r  a f u l l - p e n e t r a t i o n  o r  (F igure 2 )  a 
cosmetic-pass weld, t he  cognizant q u a l i t y  c o n t r o l  a c t i v i t y  s h a l l  c e r t i f y  
t h e  weld procedure and forward copies t o  o the r  cognizant agencies. 

3.4.2.4 Test P l a t e  Preparat ion and Testing: The weld schedule c e r t i f i c a t i o n  t e s t  
p iece ( e i t h e r  F igure 1, actual  pa r t ,  or  simulated p a r t )  s h a l l  be o f  t h e  
same mate r ia l  and cond i t i on  and s h a l l  be prepared and cleaned i n  t h e  same 
manner as the  product ion p a r t .  Welding s h a l l  be performed us ing  t h e  same 
welding p o s i t i o n  and j o i n t  con f i gu ra t i on  ( th ickness and angle) 
rep resen ta t i ve  o f  t h a t  used on the  product ion p a r t .  
operator ’s  I D  number s h a l l  be marked on each t e s t  p iece welded f o r  
c e r t i f i c a t i o n .  Test ing s h a l l  be accomplished i n  accordance w i t h  3 .6  and 
3.7. 

The welding 

3.4.2.5 Tacking/Locking Passes: A t ack ing  pass may be used t o  r e s t r i c t  r e l a t i v e  
motion i n  t h e  weld assembly p r i o r  t o  t h e  f i r s t  f u l l  pene t ra t i on  pass. 
Weld schedule c e r t i f i c a t i o n  o f  a tack ing  pass i s  no t  requ i red  prov ided 
a l l  evidence o f  t h e  tack  welding i s  o b l i t e r a t e d  by t h e  ac tua l  weld 
through fus ion.  

3.4.2.5.1 A tack ing  pass, o the r  than a f u l l - p e n e t r a t i o n  pass, made w i t h  a power 
dens i t y  s e t t i n g  s u b s t a n t i a l l y  reduced from t h e  c e r t i f i e d  se t t i ngs ,  may 
be used over any p o r t i o n  o f  t h e  weld j o i n t  up t o  and i n c l u d i n g  t h e  f u l l  
l eng th  o f  t h e  weld. 

3.4.2.5.2 A f u l l - p e n e t r a t i o n  tack ing  pass us ing c e r t i f i e d  parameters may be 
u t i l i z e d  b u t  s h a l l  n o t  exceed 10% o f  t h e  weld j o i n t  length.  Th is  
l o c k i n g  pass s h a l l  terminate i n  the  s t a r t i n g  o r  s topping tabs, when 
appl i cab1 e. 

3.4.2.6 Cosmetic Pass: Cosmetic passes f o r  t he  purpose o f  c o r r e c t i n g  
unacceptable u n d e r f i l l  cond i t ions  may be app l ied  a t  any t ime a f t e r  
completion o f  t he  i n i t i a l  f u l l - p e n e t r d t i o n  pass. Cosmetic passes, i f  
used, s h a l l  be c e r t i f i e d  i n  accordance w i t h  3.4.2.2.  

- 5 -  
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3.4.3 Procedure Recertification: Recertification of weld schedules shall be 
required for failed test welds and when any change is made to the following 
parameters: 

3.4.3.1 When a change is made in base metal composition or a change is made in 
thickness in excess of 110% (not applicable to cosmetic-pass-weld 
configuration). 

3.4.3.2 When a change is made in joint design (not applicable to 
cosmetic-pass-weld configuration), but not necessar ly after changes in 
length of diameter of joint. 

3.4.3.3 When the welding position (relationship between the 
work angle) is changed in excess of 10 degrees. 

gun angle and the 

3.4.3.4 When a change is made in any one of the machine settings, items 12 and 14 
through 20, or in the energy input, item 23 of Table 1. 

3.4.3.4.1 The use of the beam-deflection switch, item 19 of Table 1, need not be 
considered when used for the purpose of scanning or beam alignment. 

3.4.3.5 When the weld machine, weld gun, or filament shape are different from 
that used to certify the welding procedure. 

3.4.4 Production Welding: Production parts shall be welded in accordance with 
the parameters established in the weld procedure certification of 3.4.2. 

3.4.4.1 Welding Environment: Electron-beam welding shall be performed in a 
vacuum at a partial pressure not higher than 1 x 10-4 millimeters of 
mercury. 
2 minutes after completion of welding, unless otherwise established in 
the weld procedure certification. 

Venting of the chamber after welding shall not occur less than 

3.4.5 

3.4.6 

Marking and Identification: Each weld shall be traceable to the date of 
welding and identifiable to the welding operator, and shall be recorded, 
unless waived by purchaser. 

Rework: A rework shall be a full or partial electron-beam penetration weld 
accomplished subsequent to the full-penetration weld. 
imperfections, such as cosmetic passes for correction of underfill or bead 
appearance improvement, as we1 1 as full-penetration passes for correction 
of a missed joint, and other defects may be accomplished by electron-beam 
welding in accordance with a certified welding schedule. 
electron beam after an arc-out shall not be classified as a rework but the 
reason, location, and method shall be recorded. Only one reweld is 
permitted. 

Rework of 

Restarting the 

- 6 -  
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3.5 Post Treatment: 

3.5.1 Machining: Machining of face surface, root surface, or both shall be as 
specified by the applicable part drawing, the certified weld schedule, or 
both. Cosmetic blending is permitted, but shall not decrease base metal 
thickness, and shall not decrease weld thickness by more than 10% o f  weld 
minimum depth of penetration. 

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

3.6 Propert i es : 

Specimens taken from test plates, actual parts, or simulated parts produced 
for procedure certification as in 3.4 .2 .1  and 3.4.2.2 shall conform to the 
fol 1 owing requi rement s : 

3.6 .1  Tensile Strength: When required, specimens shall conform to and be tested 
in accordance with ASTM E 8 or ASTM E 8M. 
failure occurs at a stress equal to or greater than the minimum tensile 
strength specified by purchaser. 
weld or in the weld metal are acceptable only when examination of the 
fracture surface at 15X magnification reveals it to be free of defects. 

The weld is acceptable when 

Specimens failing at the bond line of the 

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

3.6.2.1 Macro-sections of the weld shall conform to the requirements of 3.7. 
Sections shall be taken transverse to the weld direction and shall be 
examined at 3 to 1OX magnification. Minimum weld bead width shall be 
establ i shed and recorded and witness 1 i ne acceptance cri teri a for scarf 
joints shall also be noted for full penetration welds. 

3.6.2.2 Micro-sections of cosmetic welds, examined at not less than 1OOX 
magnification, shall meet the acceptance criteria of 3.7.  Sections shall 
be taken parallel to and transverse to the weld direction. 

3.6.3 Special Properties: When special tests are required to establish 
nondestructive acceptance criteria as in 3.7.2,  the tests and specimens 
shall be established as agreed upon by purchaser and vendor, and shall 
apply to both weld certification test pieces and parts. 

3.7  Quality: 

Electron-beam welds shall conform to the following requirements, unless 
otherwise specified (See 8.2 for defect definitions): 

3.7 .1  Visual Inspection: All weldments, examined at 3X magnification or greater, 
shall meet the following: 

- 7 -  
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3.7.1.1 

3.7.1.2 

3.7.1.3 

3.7.1.4 

3.7.1.5 

3.7.1.6 

3.7.1.7 

3.7.1.8 

3.7.1.9 

Color: The weld bead and adjacent parent metal sha l l  have a c o l o r  
s i m i l a r  t o  t h a t  o f  the unwelded parent mater ia l .  
t i tan ium, t h i s  c o l o r  sha l l  have a b r i g h t  s i l v e r  o r  l i g h t  straw-colored 
appearance; blue-gray o r  gray d i sco lo ra t i on  o r  the  presence o f  loose 
scale i s  no t  acceptable. 
acceptable. Cosmetic passes sha l l  no t  be used t o  change co lo r .  

I n  the  case o f  

D isco lo ra t ion  due t o  vapor deposi t ion i s  

Penetrat ion: Jo in t s  sha l l  have complete penetrat ion unless a p a r t i a l  
penetrat ion weld i s  spec i f ied.  On special  designs, however, complete 
penetrat ion may be achieved by post-weld machining. 

Incomplete Fusion: 
i n s u f f i c i e n t  penetrat ion o f  p a r t i a l  penetrat ion welds, and missed j o i n t s  
are no t  acceptable. 
from each s ide o f  the  j o i n t  sha l l  be included i n  the  welded area (See 
ARP1333 f o r  procedure). 

Incomplete fus ion  o f  f u l l  penetrat ion j o i n t s ,  

Not l ess  than 0.010 inch (0.25 mm) o f  parent metal 

Cracks: 
metal except where mic ro f i ssur ing  i s  s p e c i f i c a l l y  permit ted by the  
engineering drawing (See 3.7.2.1) .  

Voids and Pores: 
unless they are subsequently t o  be removed by machining o r  blending. 

Not acceptable i n  the weld-heat a f fec ted  zone o r  adjacent parent 

Voids and pores open t o  the  surface are no t  acceptable 

U n d e r f i l l  and Concave Root Surface: The cumulative depths o f  u n d e r f i l l  
on face and r o o t  surfaces sha l l  not  exceed the post-weld machining 
a l  1 owances speci f i ed on the  p a r t  drawing . The a l  1 owabl e underf i 11 f o r  
each surface not  machined a f t e r  welding sha l l  be 10% o f  the  j o i n t  
th ickness o r  as spec i f ied  on the drawing. 

Undercut and Root Notches: Where permissible, sha l l  not  exceed 
engineering drawing tolerances. When not s p e c i f i c a l l y  noted, undercut o r  
r o o t  notches s h a l l  no t  exceed 10% o f  mater ia l  th ickness t o t a l  and s h a l l  
be blended t o  have not  l ess  than 0.06 inch (1.5 mm) r o o t  radius.  

Mismatch: For p l a t e  over 0.250 inch (6.35 mm) i n  nominal thickness, 
mismatch s h a l l  no t  exceed 10% o f  the j o i n t  th ickness o r  0.030 i nch  
(0.76 mm), whichever i s  less.  F o r  sheet and p l a t e  over 0.150 i nch  
(3.81 mm) and up t o  0.250 i nch  (6.35 mm) i n  nominal thickness, mismatch 
s h a l l  no t  exceed 10% o r  0.020 i nch  (0.51 mm), whichever i s  less.  For 
sheet and p l a t e  up t o  0.150 inch (3.81 mm) i n  nominal thickness, mismatch 
s h a l l  no t  exceed 10% o r  0.010 inch (0.25 mm), whichever i s  less.  

Over1 aps: Not acceptable. 

3.7.1.10 Peaking: D is to r t i on ,  usua l ly  i n  sheet metal i n  t h i n  conf igurat ions,  
which causes the weld, measured from each weld toe  o r  edge, t o  
move ou t  o f  the plane o f  the parent metal by more than 30% o f  
the  parent m e t a l  thickness, i s  unacceptable. 
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3.7.1.11 Witness Lines: When specified on the part drawing, witness lines shall 
be applied to the face and root sides of the weld joint (See ARP1333 for 
procedure). 

(RI 

3.7.1.11.1 Face Side: Joint interface (seam) as established by witness lines 
(R) shall fall within the central one-third of the weld beam. If the face 

side witness line examination indicates that the joint interface does 
not fall within the central one-third of the weld bead, the witness 
line data shall be evaluated for acceptance by the cognizant 
electron-beam weld activity to ensure compliance with 3.7.1.3. 

3.7.1.11.2 Root Side: Joint interface (seam), as established by witness lines, 
shall fall at least one-half space within the weld bead width. In 
addition, the difference between unmelted witness line spaces on each 
side of the weld bead shall be one space or less. 
which show a difference of more than one space (0.030 inch (0.76 mm) 
di spl acement) shall be eval uated for acceptance to ensure compl i ance 
with 3.7.1.3. 

Weld bead locations 

3.7.1.11.3 Witness line joint interface locations on the weld face shall be 
evaluated and accepted before any cosmetic passes are made. 

3.7.1.11.4 For scarf joints, the requirements of 3.7.1.11.1 and 3.7.1.11.2 shall 
apply, unless otherwise specified. Witness line acceptance criteria 
for all scarf joints shall be as specified on the pertinent 
electron-beam certification (EBC). 

3.7.1.12 Welder's Identification: Each individual weld shall be positively 
identifiable or traceable to the weld ooerator who made that weld. usina 
the stamp 
we1 der's 
purchaser 
cannot be 

3.7.2 Radiographic 
accordance w 
followinq ac 

or symbol provided in 3.4.1.1'. The method for applying-the - 
dentification shall be as specified on the part drawing or by 

The method selected should ensure that the identification 
lost or obliterated during subsequent processing. 

Inspection: All welds shall be radiographically inspected in 
th AMS 2635 or MIL-STD-453 to determine conformance to the 
eptance standards. In addition, radioqraphic inspection shall 

be used as the' referee technique for identifying, locating, and determining 
the size of indications disclosed by ultrasonic inspection as in 3.7.3. 

3.7.2.1 Cracks: The presence of cracks, as a result of welding, in the 
weld-heat-affected zone or adjacent parent metal are not acceptable. 
Should microfissuring be acceptable in any specific alloy (e.g. 
precipitation hardenable nickel alloys), acceptance criteria shall be 
specified by purchaser. 

3.7.2.2 Porosity, Voids, and Inclusions: Weld discontinuities, such as porosity, 
voids, and inclusions (metallic and nonmetallic), within the weld metal 
or immediately adjacent in the parent metal shall be restricted and sized 
as follows: 
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3.7.2.2.1 The size of internal porosity, cavities, voids, and inclusions shall be 
determined by its largest dimension. 

3.7.2.2.2 Inclusions (metallic or nonmetallic) shall be treated the same as 
poros i ty . 

3.7.2.2.3 Interconnected porosity, inclusions, and cavities (voids) shall be 
considered as one single pore for sizing purposes. 

3.7.2.2.4 Pores and voids identified with the welding operation are acceptable 
provided they do not exceed the limits of 3.7.2.3. 

3.7.2.3 Internal Discontinuity Limits: 

3.7.2.3.1 Maximum Pore Diameter: Two or more adjacent discontinuities, other 
than aligned (3.7.2.3.3), shall be treated as a single discontinuity 
(excluding the space between them) when the spacing between them is 
less than three times the greatest dimension of the smaller adjacent 
discontinuity. The allowable limits for various parent metal 
thicknesses are established in Table 2, Column B(2), for aluminum 
alloys, and in Table 2, Column B(l), for all other materials covered by 
this specification. 

3.7.2.3.2 Maximum Defect Area: Shall be the sum of the areas of the pores 
totally within a 1.0-inch (25-mm) length of weld not to exceed the 
limits of Table 2, Column C(2), for aluminum alloys, and Table 2, 
Column C(l), for all other materials. 

3.7.2.3.2.1 Pores under 0.010 inch (0.25 mm) shall not be cons 
calculating total defect area for thicknesses 0.25 
over. 

dered in 
inch (6.4 mm) or 

3.7.2.3.3 Maximum Aligned Defect Area: Shall be any group of ive or more 
individual pores within a 1.0-inch (25-mm) length of weld whose images 
can be intersected by a straight line (regardless of orientation within 
the weld) and the distance between adjacent discontinuities within the 
group being considered is less than four times the longest dimension of 
the smaller adjacent discontinuity. The limits of aligned defects are 
established in Table 2, Column C(4), for aluminum alloys, and in Table 
2, Column C(3), for all other materials (See 3.1.1). 

3.7.3 Ultrasonic Inspection: When specified by purchaser, all welds, including 
weld certification tests, shall be ultrasonically inspected in accordance 
with AMS 2630, AMS 2632 or, for titanium and titanium alloys, AMS 2631. 
Acceptance criteria shall be as specified in 3.7.2.1 and 3.7.2.2. 

3.7.3.1 Discontinuities or isolated ultrasonic responses, which by a reanalysis 
o f  witness line data and reinspection are shown not to be missed joints, 
shall be acceptable. Discontinuities which cannot be confirmed by 
radiograhpic inspection as in 3.7.2 in the area of the ultrasonic 
indication shall be referred to the cognizant engineering activity for 
disposition. 
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3.7.4 Fluorescent Penetrant Inspect ion:  A l l  welds, i n c l u d i n g  weld c e r t i f i c a t i o n  
tes ts ,  o f  non-magnetic mater i  a l s  s h a l l  be f luorescent  penetrant  inspected 
i n  accordance w i t h  AMS 2645 o r  MIL-STD-6866 t o  l o c a t e  imper fect ions open t o  
t h e  surface. 
unless otherwise author ized by t h e  cognizant engineer ing a c t i v i t y .  

No de fec ts  are permiss ib le  except as permi t ted  by 3.7.1.5, 

3.7.5 Magnetic P a r t i c l e  Inspect ion:  A l l  welds, i n c l u d i n g  weld c e r t i f i c a t i o n  
tes ts ,  o f  magnetic ma te r ia l s  s h a l l  be magnetic p a r t i c l e  inspected 
accordance w i t h  AMS 2640 o r  MIL-STD-1949. No de fec ts  a re  permiss 
unless otherwise author ized by . the  cognizant engineering a c t i v i t y  

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Respons ib i l i t y  f o r  Inspect ion:  The welding vendor s h a l l  be respons 
performing a l l  requ i red  tes ts .  
per form any conf i rmatory  t e s t i n g  deemed necessary t o  ensure t h a t  welded 
assemblies conform t o  the  requirements o f  t h i s  s p e c i f i c a t i o n .  

Purchaser reserves t h e  r i g h t  t o  sample and t o  

4.2 C l a s s i f i c a t i o n  o f  Tests: 

4.2.1 Acceptance Tests: Tests f o r  q u a l i t y  (3.7) are acceptance t e s t s  and s h a l l  

4.2.2 Preproduction Tests: Tests f o r  weld procedure c e r t i f i c a t i o n  (3.4.2) and 

be performed on each weld. 

p r o p e r t i e s  (3.6 and 3.7) are preproduct ion t e s t s  and s h a l l  be performed on 
t h e  f i r s t - a r t i c l e  shipment o f  a welded p a r t  t o  a purchaser, when a change 
i n  processing requ i res  reapproval o f  t h e  welded p a r t  as i n  4.4.2, and when 
purchaser deems conf i rmatory  t e s t i n g  t o  be requi red.  

4.2.2.1 For d i r e c t  U.S. M i l i t a r y  procurement, subs tan t i a t i ng  t e s t  data and, when 
requested, preproduct ion t e s t  ma te r ia l  s h a l l  be submitted t o  t h e  
cognizant agency as d i r e c t e d  by the  procur ing  a c t i v i t y ,  con t rac t i ng  
o f f i c e r ,  o r  request f o r  procurement. 

4.3 Sampling and Testing: 

Sha l l  be i n  accordance w i t h  the  fo l low ing ;  a l o t  s h a l l  be a l l  p a r t s  o r  
assemblies o f  t h e  same a l l o y ( s )  o f  one conf igura t ion  processed a t  one t ime i n  
sequence and presented f o r  vendor’s inspec t ion  a t  one time: 

4.3.1 For Acceptance Tests: A l l  p roduct ion weldments. 

4.3.2 For Preproduction Tests: Not l e s s  than th ree  welds f o r  procedure 

When preproduct ion t e s t  welds are  made on ac tua l  

c e r t i f i c a t i o n  (3.4.2) representa t ive  o f  each j o i n t  i n  the  p a r t  o r  assembly 
us ing produc t ion  f a c i l i t i e s  o r  f a c i l i t i e s  representa t ive  o f  those t o  be 
used i n  production. 
hardware, t h e  number and l o c a t i o n  o f  t e s t  specimens s h a l l  be as designated 
by purchaser. 

i n  
b l  e 

b l e  f o r  
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4.4 Approval : 

4.4.1 Purchaser shall approve the vendor’s facilities, inspection methods, and 
process controls before production parts are supplied and these shall be 
available for purchaser’s inspection during the period of production part 
manufacture. 

4.4.2 When specified, sample parts and the welding procedure shall be approved by 
purchaser before welded parts for production use are supplied. 
necessary to make any change in procedures or methods of inspection, the 
welding processor shall submit for reapproval details o f  proposed changes 
and, when requested, sample welded parts. 

If 

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 2680A, 
part or assembly number, and quantity. 

5. PREPARATION FOR DELIVERY: 

5.1 Identification: 

Welded parts shall be identified as specified on the part drawing or as 
agreed upon by purchaser and vendor. 

5.2 Protective Treatment: 

When required, welded parts shall be given a suitable protective treatment as 
specified in the purchase order or by the part drawing. 

5.3 Packaging: 

5.3.1 Welded parts shall be handled and packaged to ensure that the required 
physical characteristics of the parts are preserved. 

5.3.2 Packages of parts shall be prepared for shipment in accordance with, 
commerci al pract i ce and in compl i ance with appl i cab1 e ru1 es and regul at ions 
pertaining to the handling, packaging, and transportation of the parts to 
ensure carrier acceptance and safe delivery. 

5.3.3 For direct U.S. Military procurement, packaging shall be in accordance with 
MIL-STD-2073-1, Commercial Level, unless Level A is specified in the 
request for procurement. 

6. ACKNOWLEDGMENT: 

A vendor shall mention this specification number and its revision letter in 
al 1 quotat ions and when acknowl edgi ng purchase orders. 
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7. REJECTIONS: 

Parts not welded in accordance with this specification, or with 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. 

8.2 Defect Definitions: 

Shall conform to standard definitions as shown in AWS A3.0. 

8.3 Dimensions in inch/pound units are primary; dimensions in SI units are shown 
as the approximate equivalents of the primary units and are presented only 
for information. 

8.4 For direct U.S. Military procurement, purchase documents should specify not 
less than the following: 

Title, number, and date of this specification 
Part or assembly number of parts to be welded 
Quantity of parts to be welded 
Level A packaging, if required (See 5.3.3). 

8.5 Processes meeting the requirements of this specification have been classified 
under Federal Standardization Area Symbol "THJM" . 

8.6 Key Words: 

EB welding, fatigue critical application 

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE ''8''. 
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TABLE 1 - Minimum Parameters To Be Recorded in Welding Procedure 

I .  

2. 

3. 

4.  

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24.  

Applicable Electron-Beam Certification (EBC) Number 

Parent Metal 

Parent Metal Thickness 

Pre-Weld Cleaninq Procedure, Applicable Cleaning 
I ~ . .  

Specification, or both 

Surface Preparation at Weld Joint 

Filler Metal Type, Specification, or both 

Automatically Fed Filler Metal Diameter 

Filler Wire Feed Speed (&lo%) 

Operator and ID Stamp 

Welding Speed, inches/minute (mm/s) (25%) 

Sketch of Set-up Including All Angles 

Distance of Gun to Work (+1/8 inch (23.2 mm)) 

Beam Current (25%) 

High Voltage (+5%) 

Focusing Current (25%) 

Vacuum Level 

We1 ding Schedul e 

Tacking/Locking Passes 

(+O. 5 degree) 

Beam De 

Cathode 

Witness 

Qual i ty 

Max i mum 

lection - On/Off Type or Shape ; 
Amp1 i tude Frequency 

to Anode Spacer 

ng Inspector’s Name and Stamp 

Control Certi f ication 

Residual Magnetism, gauss 

Weld Machine Identification 
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TABLE 1 - Minimum Parameters To Be Recorded in Welding Procedure (Continued) 

25. Weld Gun Identification 

26. Filament Type 
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