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MILITARY SPECIFICATION

ELECTRODES, WELDING, COVERED,
ALUMINUM BRONZE

This specifloation has been approved by the Department of Defense end ia men-
datory for use by the Deportments of ths Army, the Novy, ond the Air Fores.

1. SCOPE

1.1 Seope. This specification covers alumi-
num bronze electrodes for use with the
shielded metal arc procesa,

1.2 Classification. Aluminum bronze elec-
trodes shall be of the classes and sizes shown
in Table 1, as specified (see 6.2):

Tante 1. Classes and risss

Class Siwes (core-wire diameter)
Inch | nah | uah Imll'uh Inoh
MIL-E-CuAL—A| 8% | % ' % ! %ei % | %
MIL-E-CoAL—B|—' % | % | % ¥ | %
MIL-E-CuAL—C|—! % % Hs % | %
MIL-E-CuAL—D || ! ¥ I %o | % | %
MIL-E-CoAL—E|— /v t0s | % ' 2 | %

2. APPLICABLE DOCUMENTS

2.1 The following specifications and stand-
ards of the issue in effect on date of in-
vitation for bids form a part of this speci-
fication.

SPECIFICATIONS
FEDERAL

QQ-S-636 — Steel, Carbon (Low
Carbon) Sheets and Stripa.

PPP-B-588 — Boxes, Wood, Wire
bound.

PPP-B.581 — Boxes, Fibarboard:
Wood-cleated.

PPP-B-801 — Boxes, Wood, Cleated-
Plywood. '

PPP-B-821 — Boxes, Wood, Nailed
and Lock-corner.

PPP-B-88¢ -~ Boxes, Fiber.
PPP-T-80 — Tape; Pressure Sensi-

tive Adhesive Waterproof- for Pack-
aging and Sealing.

MILITARY

JAN-P-108 — Packaging and Pack-
ing for Overseas Shipment —— Boxes;
Wood, Nailed,

MIL-C-916 — Cable, Cord and Wirs,
Electrical (Shipboard use).

MIL-C-8055 — Cans, Fiber, Spirally
Wound.

MIL-B-1087T — Boxss - Wood-cleated,
Veneer, Paper, Overlsid.

MI11-1-10647 — Liners, Case, Water-
proof.

F3C M52
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MIL-W-15769 — Welding Machines;
Arc (Direct Cuarren t-Variable Voit-
age).
¥M11-B-15939 — Bronze, Aluminum;
Wrought.

MIL-8-16118 — Steal, Plate, Hull and
Ordnance, Structural Black (Uncoated)
and Zinc Coated (Galvaniged).

M. A TRELSY

STANDARDS
MILITARY

MIL-STD-105 — Sampling Procedures
and Tables for Inspection by Attrib-
utes.

MIL-STD-129 —Marking for Shipment
and Storage. :
{Copies of specifications and stsadards required
by contractors in connection with specific procure-
ment functions sbould bhe obtained from the pro-

curing mgency or as directed by the contracting
officer.)

3. REQUIREMENTS

3.1 Preproduction sample. Unless other-
wise specified in the contract or order (see
6.2}, a preproduction sample (see 4.2.1) of
electrode is required for each class of electrode
being purchased. Samples shall be manufac-
tured using the methods and procedures pro-
posed for the production lot. Samples will be
tested as specified in 4.3.1 and are for the
purpose of determining that the manufactu-
rers’ production process will produce elec-
trodes that will meet the reguirements of this

*

specification.

3.2 Material. Material used in the constrmc-
tion of electrodes and not specifically specified
herein shall be of quality and form such as to
conform to the requirements of this specifica-
tion. The core wires shall be free of injurious
defects, such as segregations and nonmetallic
inclusions. Core wires and coverings may be
made by any process yielding & product suit-

LI 0 vt Bt L L]

able for the purpose intended.

3.3 Coverings of electrodes.

3.3.1 Handling. Coverings shall withstand

P sy L 1 weetdlemuad  fem s

ordinary hapdling witnoui injury.

3.3.2 Concentricily of coverings, The cover-
ings shall be concentric to the extent that, for
all sizes of electrodes, the maximum core-plus-
one covering dimension shall not exceed the
minimum core-plus-one covering dimension by
more than 5 percent of the mean dimension at
the respective location as hereinafter indi-

A a0

cated in 4.4.2.1 and 4.4.2.2.

3.3.3 Uniformity of consumption, The cov-
erings shall be such as to be consumed uni-
formly =0 as not to interfere with satisfactory
production welds,

3.3.4 Flaking or cracking. The coverings
shall not exhibit flaking or cracking at any
time while electrodes are being used with the
respective currents for general welding recom-
mended by the manufacturer, nor shall the
coverings exhibit flaking or cracking when
hested or upon enoling after approkimately
one-ha!f of the electrode has been Consumed
or upon resumption of welding.

1.3.5 Dielectric strength. The coverings of
electrodes at room temperature and in the
“dry” condition, that B, as removed from
freshly opened containers, shall have a dielec-
tric strength sufficient to insulate effectively
against a difference of potential of 110 wolis

a.c. (60 eycles).

3.3.6 Stability. Stability of the coverings
shall be such that electrodes will comply with
this specification (see 3.3.4) after storage m

original unopened containers under roof and
on dry platforms for a period up to one year.

3.3.7 Fumes. The fumes from the burning
coverings shall pot be injurious to personnel
when elettrodes 8re in adequately ven-
tilated spaces.

3.3.8 Slag removal. The slags deposited by
the coverings shall be readily removable with
hand tools (not air or power operated; from
weld deposits.
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3.3.9 Extent of coverings.

3.3.9.1 Arc ends. The arc ends of the elec-
trodes shall be sufficiently bare to permit easy
striking of the arc. The length of the bare
portion for all sizes of electrodes shall not

exceed b4 inch, This measurement i the bare

Dare
portion existing from arc end of the core
wire to the point where the covering begins.
Electrodes with chipped coverings pear the
arc end baring the core wire not more than
82 inch will be accepted provided no chip
uncovers more than 50 percent of the circumn-
ference of the core,

8.8.9.2 Grip ends. Grip ends of electrodes
shall be bare within the limits shown {n Table
IT and Figure L.

F;,ﬂ/@

Frouvse 1. End grip elsctrods

Taprx 1. Dimensions for grip ends of alectrodes

Distancs tp 2ull thisknes
Bare wm-hhm o
“p~
Methrulie | % & % | Mathruddy | % & ¥
Ineh Inoch Ineh Inah
% 1 1y 1%
% L 4 1% 1%
* L4 iy 1%
% % 15 | 1%
% L 1 1% l 134

3.4 Core wires of electrodes.

3.4.1 Wire diameter tolerunce. The diameter
of the wire of the electrodes shall not vary

MIL-E-2788

from the nominal dinmeter more than plus
or minus 0.008 inch.

3.4.2 Elsctrode longths. The specified lengths
of electrodes shall be in accordance with
Table III.

Tanix 111, Electro lengthe
Blom Laagth
T F Y ) - Inabes
% 11
%, 9k, %o u
1" %ﬂ “ la

3.4.2.1 Tolerance of specified lengths. The
actual length of any electrode shall not vary
more than plus or minus 14 inch from the
specified length.

3.5 Usability of electrodes. Electrodes shall
be suitable in all respecta for depositing satis.
factory overiays and welds, under the oondi-
tions specified in 4.4.4 exhibiting no undercut
or overlap, and that when prepared and «x-
amined in accordance with 4.4.4.1 shall show
no poroeity or cther defects exceeding 0.08
inch in length in either the “as welded” or
machined condition. In all other respacts elee-
trodes must conform to the applicable require-

ments of section 8,

8.5.1 Weld pads. Weld pad specimens shall
be prepared in accordance with 4.4.4. They
shall meet the requirements for hardness spe-
cified in Table IV.

3.5.2 T'rangverse tenyion test speoimens,
Transverse tension test specimens shall be
prepared with Class MIL-E-CuAl-A and
MIL-E-CuAL-B electrodes in accordance
with 4.4.5.1. They shall meet the requirements

of Table 1V,

- 8.5.8 Hordness. The hardness requiresnents
oi deposited weld metal shall be as specified in
Table JV.
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Tama IV, luw nm of deposited

_ ‘ ﬁ s ¥ o

Brinell herdmess Tramverse tonsien
Can “'::':“ Test minhoum temsfle
2000 Kg lond | TR (3e)
MIL-E-CuAl—A 180-170 806,000
MIL-K-CoAlL—B 180210 86,000
MIL-E-CuAl—C 210-260 —
MIL-E-CuAl—D | 260-310 ———
M-E-OuAl—E | 310-355 —

1 Ona or s of the hardnem nlu-nhwbrﬂut-tud
{sen éA42) mar be cotside the spesiBed hardness range. bot
the averngs harinas shall bs within the specified range.

854 Guided bend test spectmens. Guided
bend test specimens shall be made for class
MIL-E-CuAl-A and class MIL-E-CuAl-B
electrodes in accordance with 4.4.5. After
mwmsmhmmmur
open defects exceeding 14 inch messured in
any direction. Cracks occurring on the corners
af:mehnmduringtuhng:hallnotbe

li-—-ﬂ

. 8.5.5 Sowndness, Weld pads.shall be free
fromh seams, cracks, porosity, slag inclusions,
and any other injurious defects.

3.6 Chemical composition of deposited weld

" pestal Under conditions specified in 4.4.4.3

slectrodes shall be capable of depositing weld
metal having the composition shown in
Table V.

3.7 Color identification marking. Grip end
of eloctrodes shall be painted with primary,

secondary, and group colors as shown on
Figure Z and Tabie VI for identification. The
paint used for marking shall not interfere
with proper electrical contact. The primary
color applied to the end of the electrode shall
not extend more than 14 inch from the end
Coding material shall remain adherent and
color stable after production drying.

3.8 Welder performance. Prior to perform-
ing any welding test, the welder shall be
required to demonstrate his ability to handle
the electrode in a manner approved by the
Bureau or Agency concerned. The welder will
not be permitted to use any unusua! technique
of manipulating the electrode, that is, any
technique not commonly taught to and pro-
ficiently used by the average welder who has
beentrainednndquahﬂedtouseelectrodesd

P g

the types covered in this specification.

3.9 Workmanship. The coverings of the
electrodes shall be free from injurious scabs,
blisters, pockmarks, bruises or other surfsce
defects which are detrimental to the perform-
ance of the electrodes,

4. QUALITY ASSURANCE PROVISIONS

4.1 Lot. For the purposes of sampling a
lot of electrodes shall consist of a quantity
of any one size and class produced unimter-
ruptedly on the same machine, from one heat

of wire, provided that such electrodes shall -

have been manufactured in the same covering
formula with no modification of lots of cover-
ing ingredients therein.

TABLE V. Chemical composition of daponited weld metal

Sfiicon Lead Otber!

Clam Ahaosinum Iren Copper slemonts

» {mazx.} {max.} Lmen.)

Fovoant Poresnt Porownt Parcent o Percent Povrant

MIL-E-CuAL—A| 70 to 20| 05 to 50 1.0 002 - Rgmainder 080
MIL-E-CuAL—B | B.0 to 100 25 to 5O 1.0 0.02 Remainder 0.60
MIL-E-CuAL—C | 50 & 1.0 35 to 60 1.0 0.02 i Remsinder 0.60
MIL-B-CoAlL—~D| 100 to 13.0| 35 to 65 1.0 0.02 Reroainder 0.60
MIL-B-CuAlL--E | 12.0 to 140 40 to 6.5 1.0 0.02 Remalndar .69

1| Toisl other glamsents shall not excewd the value sperifiad.



Downloaded from http://www.everyspec.com

End oolor

Oroup color
Spot color

 Fioums 2. Coler marking of end grip slectrodes
Nots 1 — Color bands are umd only to dmmote se-

TABLE VL Coler morking of slectrodes

Primary Sessadery PN

. (k) (oot
porm anler oaler
MTL-B-CeAl—A | Siver | Bles | Bius

MIL-E-CuAl—B | Siiver Brown Bloa
MIL-B-CuAL—C | Bilver Gremn Blue
MIL~E-CuAL—D | Bilver Red Blus
MIL-E-CuAL—E | Silver Yellow Blue
———a—

4.2 Bampling.

4.2.1 Sampling for preproduction mepection
ond tests. Unlem otherwise specified (see
4.2.1.1), as soon as possible after the award
of contract, the contractor shall aubmit pre-
production samples (20 pounds) of electrodes
of the classes, and sizes being purchased.
Electrodes shall be submitted to the Govern-
ment inspactor for preproduction inspection
and tests at the Government laboratory (see
8.8) designated in the contract or order, for
purposes of determining eompliance with the
requirements of this specification and the con-

. tract or order. All containers of preproduction

electrodes shall be plainly marked. In addition
each sample shall be plainly identified by a
securely attached durable tag that contains
the following information:

Title, number, and date of this specifica-
tion.
(laszs and size (sse 1.2).

Sample for preproducﬁon inspection and
tats,

Manufacturer’s designation or bramd

Name of manufactures,
Plant address.

Reference the procurement contraet.

Further production of elsctrodes by the eon-
tractar prior to the approval of the procuring
activity or compiation of inspection and tests
on the preproduction samnles shall he at the
contractor’s risk. Accepted preproduction sam-
ples will become the property of ths procuring
activity and will not be incinded In the quantity
of electrodes called for in ths oomtract or

delivered deebodath&hn-
quirements of this specification and his prod-
uct has been found to be setiafactkory, the pre-
production sample for any subsequest contract
for the apecific class and sise of electrode pre-
viously delivered may be walved at the disere-

tion of the procuring activity (ses 8.2).
4.2.2 Sampling for lot aceepbance inspection.

4.22.1 Packaging, packing, and merking.
A random sample of shipping contalners filled
with packages of electrodes shall Be selected
by the Government inspector In accordance

with the ‘neavisions nf Stendand MTI TN

TY SRS WAV JAVWTIDMWLE Vi WVWRREEL W Sl S

106, at inspection levdl 1 and Accepiable
Quality level (AQL) 2.5 perowmt defoctive
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to verify compliance with 5.3 and 5.4. Upon
-satisfactory completion of inspection of filled
shipping containers, a representative sample
of filled packages shall b selected by the Gov-
ernment inspector in accordance with the
provisions of Standard MIL-STD-105 at in-
spection level 1 and Acceptable Quality Level
{AQL) 2.5 percent defuctive, to verify com-
pliance with 5.2. The packages shall be selected
from the shipping containers of the container
inspection sample.

4.2.2.2 Electrodes. A random sample of elec-
trodes shall be selected by the Government
inspector in accordance with the provisions of
Standard MIL-STD-105 at inspection level 1
and Acceptable Quality Level {AQL) 2.5 per-
cent defective to verify compliance with this
specification and the contract or order. The
electrodes shall be selected from packages of
the packing inspection sample.

4223 Weld pad comstruction. A sufficient
number of elactrodes shall be selected at ran-
dom from esch lot, to be used in preparing
the weld pad specified in 4.4.4.

4.3 Inspection.

4.3.1 Preproduction inspection and Lests.
Preproduction inspection and tests shall con-
sist of performing the following inspection and
tests on the samples submitted to the Govern-
ment laboratory under paragraph 4.2.1.

(a) Visual and dimensional inspection
(see 4.3.2.2).

(b) Packaging, packing, and marking in-
spection {see 4.3.2.1).

(¢} Tests covered under 4.4,

When preproduction inspection and tests are
completed, the Government laboratory shall
notify the Government inspector immediately,
who in turn shall notify the contractor of the
test resuits and of any specific deficiencies in
his preproduction samples. The contractor
shall take the necessary action to correct any
deficiency, and may be required, at the discre-
tion of the laboratory, to submit additional

samgles until the spe-ificd number of satis-
factory samples have been submitted. Such
samples shall be accompanied by a description
of the changes made 10 correct the faults of
the previous submissions.

4.3.2 Lot acceplunce inspection. Lot accept-
ance inspection shall consist of performing the
foliowing inspections on sample electrodes and
neckages of electrodes selected in accordance
with paragraph 4.2.2.

(a} Packaging, packing, and marking in-
spection (see 4.3.2.1).

{b) Vismal and dimensional inspection
(see 4.3.2.2).

The Government reserves the right to conduct
any one or more of the tests specified herein
when the inspector deems it npecessary in
determining conformance of the electrodes
with the requirements of this specification and
the contra-t or order.

4.3.2.1 Pachkaging, packing, and mmarking.
Each of the containers, both outer shipping
containers and the unit packages, in the sam-
ple selected in accordance with 4.2.2.1 shall
be examined for defects of construction, for
unsatisfactory markings, and for noncom-
pliance with the requirements of this spe-
eification and contract or order. Each filled
container shall also be weighed to verify com-
pliance with this specification, If the number
of rejected containers exceeds the acceptance
number for the appropriate sampling plan of
Standard MIL~-STD-105 the lot represented
by the sample shal) be rejected.

4.3.2.2 Electrodes. Each of the sample weld-
ing electrodes Selected in accordance with
4.2.2.2 shall be visiially and dimensionally in-
spected to determine conformance to the
requirements of this specification and the con-
tract or order. Any electrodes with one or
more defects shall be rejected and if the num-
ber of rejected electrodes exceeds the accept
ance number for the appropriate sampling
plan of Standard MIL-STD-105 the lot rep-
resented by the sample shall be rejected.
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4.3.3 Place of inspection and tests. Unless
otherwise specified in the contract or order
(see 6.2), inspection and test shall be con-
ducted at the place of manufacture.

4,4, Tesats and test proeedures for prepro-

duciion and accepisnce mupecuuu.

4.4.1 Welding machines, Welding tests shall
be made using machines conforming to Speci-
fication MIL-W-15759 and having a current
rating such that the manufacturer’s recom-
mended currcats for the electrodes being tested
do not fal! in the lowest or highest ten percent
of the ra.tiug of the machine Othf types.‘ ‘mas‘:

be AJ-“' nut. m cadt Ul uwpuw, WiC ISSWws wi

tests made with the apecified type of machine,
shall govern.

4.4.1.1 Welding and grounding leads. All
welding and grounding leads for dc and ac
welding cireuits shall be 105,000 circular mils
flexible cables (type TRF-106 of Specification

MIL-C-915, or equivalent) not over 50 feet
Inme and slartrnds 'nnldnr (10 feet of 84000

Uiy SAAIU WiL W wE WAl SEeTaats

circular mils extremely flexible cable of type
TRXF-84 of Specification MIL-C-915 or
equivalent), may be attached to the electrode
holder, or work as directly as practicable.
Leads shall not be coiled, wrapped, or kinked
in any way that will introduce any appreciable
reactance into the circuit. Ground connections
shall be 80 located (and moved during welding
if necessary) that magnetic arc blow is elimi-

nated as far as practicable.

4.4.2 Procedure for measuremenis of con-

centricity. The concentricity of the coverings
ave thwas alastwndss nf aosh eiza ﬂﬂ]mﬁd 1“

Vil WAL LT DTG UULD Wi beRelE Waae Sl e ERess

accordance with 4.2.2.2 shall be measured by
either of the methods specified in 44.2.1 or
4422,

4.4.2.1 Micrometer meihod. The core wire
shall be exposed by removing a small amount
of covering from a spot on one side of the
core wire near one end of the covered length
care heing taken to ensure that no metal i3
removed from the core wire. The diameter of
the core wire plus the thickness of the cover-
ing on the side opposite the bared spot shall

MIL-E-2788

be measured with a micrometer. The covering
shall then be removed from a spot on the
oppogite side of the core wire at a point
immediately adjacent to that at which the first
measurement was made, and a second similar
measurement made. Second and third pairs of

aimilor moacsiimamanta ghall ha mada ar annweer_
Diob4diAl LLICAWIUL LARAULL AT AN LARES AFL JAMGGNATS CEW ENAFLA WA

imately the mid-length and the other end of
the covered portion, on diameters approxi-
mately 60 degrees, respectively, from the di-
ameter on which the firat pair of mes<urements
was made, The pair of measurements (2 adja-
cent messurements) that shows the greatest
variation shall be used to determine the aceapt-
ability of the electrodes as apecified in 8.8.2.

4.4.2.2 Micrometer method using supple-
mental strip. At a point near one end of the
covered length of the electrode & portion of
the covering material in the form of & band
approximately 14 inch wide shall be completely
removed to the bare core wire, care being
taken to ensure that no metal is removed
from the core wire. Using & micrometer and

ORI P e e s oY Ys-ovy fmensmemesimendales %

auppleuu:nw1 metal SLTip \uppluu.uuwu 4
inch long by any convenient thickness, that is,
0.125 or 0.0250 inch) or a apecially adapted
micrometer having a “T" shaped anvil, the
diameter of the core wire plus the thickness
of the covering on one side of the electrode
shall be measured. The metal strip shall bridge
the gap left by removal of the ring of covered
material, and the total measurement shall be

noted, (It is immateris]l whether or not the

LA A $ A N a n ans wma e

thickness of the metal strip is included in the
measurement.) Several measurements shall be
made on several different diameters around the
area from which the covering was removed,
and the minimum and maximum measure-
ments shall be noted. A second and third series
of similar measurements shall be made at
approximately the midlength and other end of
the cnvered portion, respectively. The maxi-
mum and minimum dimensions at any one
section which show the greatest difference
shall be used to determine the acceptability of
the electrodes as specified in 3.8.2.

4.4.3 Diameter and length of core wire. In
the course of making the above measurements,

2
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Diacard oo "L"
- :
Tenslle Specimen . s l
e “I
Face bend Specimen ?-:LN prI
S - i 4
- : o
Root bend Specimen . -:m ‘
.- -- § ]
Tensile Specimer ‘o 4
e C
- - R - H 1
T = b
Discard ' 4 fo L
i !
- 10" ~
60°

. to z
J\( 90° '“‘]L-:‘|h A *
! N7 1

—T R
warping 5° Max. 1"_"'[ i‘" o

Root openlng shall be the same
as electrode wire diameter.
Backing strip may be of the same
material as the base metal or

of copper.

FicUReg 3. Details of tesi assembly
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the average outside diameter of the coverings
on each size of electrode, and the diameter and

1 = - ;e -y
lengths of the core wire shall be measured.

4.4.3.1 Core soundness. Four bare electrodes
selected in accordance with 4.2.2.2 shall be
cut and transverse sections suitably ground
and etched for inspection at 10x magnification
to determine conformance to the requirements
of 3.2,

4.4.4 Preparation of weld pad specimen,
Weld pads shall be deposited in the flat posi-
tion on the surface of a plate of steel (black)
approximately 8 inches by 6 inches by 3}
inch, conforming to the requirements of type [,
grade M of Specification MIL-5-16113 or
Specification QQ-S-636, open hearth or elec-
tric furnace grade. The pads shall be approxi-
mately 114 inches by 414 inches by 14 inch
high, and shall be built up in layers made by
& series of lengthwise passes. The width of
each pass shall be not more than four times
the diameter of the core wire of the electrode
being used. The electrical conditions shall be
within the ranges recommended by the manu-
facturer, and shail be recorded. After com-
pletion of each layer, the pad shall be allowed
to cool in still air at room temperature for one
minute, and then shall be immersed in boiling
water for one minute. After removal from the
boiling water, the pad shall be allowed to dry
thoroughly, and welding shall be resumed as
500N as possible.

4.4.4.1 Scundness test. The welded pad shall
be examined for surface gas pockets, under
cutting, overlapping (rolling) and weld metal
cracking. The plate and pad shall then be sec-
tioned in 2 places. The cuts shall be made
transverse to the long dimensions of the pad,
and approximately 84 inch from each end of
the pad. The ends shall be discarded, and the
top surface of the center section shall be ma-
chined smooth and clean, discarding the metal
removed for this purpese. A twa ounce sample
of millings or chips from the chemica! analy-
gis test of 4.4.4.8 ahall then be machined from
the pad in such a manper that no metal is
iemoved within 14 inch of the base plate. The

MIL-E-278B

top and end surfaces shali be ground and then
inspected by macroscopic examinstion fo de-

tarmina annfammanans ta tha aanndness maseies.
LCIMITIC VUTLIUTTIMALILE W WIC GLraliluscms & Cyuil v

ments of 8.5. When available, inspection shall
be radiographic examination in lien of macro-
scopic examination.

4.4.4.2 Hardness test. The tests for hard-
ness shall be made by Brinell Readings
(3000-Kilogram load, 10 millimeter ball)
taken on the top surface of the pad after

mvmnalbe
machining and visual examingtion for porosity.

Eight readings shall be made, four along each
side of the long dimension, approximatsly 14
inch from each other, center to centor.

4.4.4.83 Chemical analysis. Chemical analysis
of the deposited weld metal shall be made by
the testing laboratory from the sample (ap-
proximately 2 ounces) machined from the weld

wad oo gmoaifiad in A4 41
P&a &S SpECHiIed in £.2.%.1.

4.4.5 Teat joint for lenstle and pusded bend
tests, The test joint for the transverse tensile
and guided bend tests chall be aw shown in
Figure 8. Aluminum bronze piates conforming
to Specification MIL-B-16989, Composition B,
soft, shall be used. The joint shall be prepared
using the current and voltage speciﬁed by
the manufacturer. The requiraments of 3.8,
4.4.1, and 4.4.1.1 shall apply, The preheat and
maximum interpass temperatures gshall be 300
and 400 degrees Fahrenheit, respectively.
Plates shall be restrained sufficiently to pre-
vent warping in excess of 6 degress. A test
plate which has warped in excess of 5 degrees
shall be discarded.

4.4,5.1 Transverge tension ies. Two trans-
verse tension test specimens ghall be machined
from the test assembly in accordance with
Figures 3 and 4, and shall be subjected to
tension load until failure.

4.4.5.2 Guided dend test, One face bend and
one root bend test specimen shall be machinad
from the test assembly in accordance with
Figures 3 and 4. Each specimen shall be bent
in & jig having the working contour shown in
Tizure 4 and otherwise made substantially in
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4.4.8 Machining of test specimenms. Speci-
mens machined in accordance with 4.4.5.1 and
" 4.4.52 shall have the weld reinforeement re-
moved flush with the base metal. Undercut
shall not be removed. Final machining shail
be in a direction transverse to the weld.

-

45 Retest procedure. In case of failure of
an e to pass any welding test, one

test is permitted. In case of failure on &
rotest, and prior to reporting test results in
accordance with 4.8.1, the same welder shall
be required to demonstrate his ability by mak-
ing a duplicate weld using an electrode of the
same type and size and of an approved product
that has given satisfactory service in produc-
tion in the testing activity’s plant.

4.6 Inspection after delivery. Post delivery
inspection of electrodes to determine conform-
ity to this specification’ and for acceptance
thereof, is the responsibility of the consignee.
The manufacturer shall be responsible for
replacemnent of electrodes found to be defective
after being in storage, for a period up to one
yoar.

&
5 PREPARATION FOR DELIVERY

5.1 General. Welding electrodes shall be
prepared for shipment in accordance with
Levels A, B, or C, as specified in the contract
or order {see 8.2).

10

5.2 Puckaging. Electrodes shall be pack-
aged in accordance with 5.2.1. Individual unit
packages shall contain electrodes of one clasa
and size. .

5.2.1.1 Level A. Unless otherwise specified
in the contract or order (see 6.2), electrodes
shall be packaged in net weight units in ac-
cordance with Table VII.

Tiglx VII. Weight of unit package

. Unit sontainew Commeraial
Sataster Bmall nnit Large mk CORtaingT
Ineh Pounds Pounds Pounds
Y% 8 30 25
% 10 40 80
% 10 40 50
¥ 10 40 50
'S 12 60 50
% 12 50 50

5.2.1.1.1 Conditions, Electrodes shall not be

-permitted to cool below the point which will

result in moisture absorption prior to pack-
aging.

5.2.1.1.2 Methods of unit packaging. Unless
otherwise specified in the contract or order
(see 6.2), electrodes shall be packaged in tlase
fitting rigid metal containers or spirally wound
fiber cans in accordance with 5.2.1.1.2.1 and
521122

5.2.1.1.2.1 Rigid metal containern. When
rigid metal containers are used, they shall be
made of black plate with & minimum thickness
of 0.0149 inch plus or minus 0.006 inch (28
gage) and hermetically sealed. The seams, top,
bottom, and side shall be crimped and sealed
with s solder or with a satisfactory plastic

compound applied to the lapping surfaces of

the seam before erimping. A tear strip formad
by paralle] scores on the inside surface shall
be provided near the top end of the bady. The
depth of the scores shall not exceed 40 peraent
of the thickness of the gheet. The tongue & the
tear strip shall be centered between the score
lines and shall be free of solder for o mini-

F- -3
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mom length of 3, inch to facilitate opening of
ths container with pliers, key, or other suitable
tool. The extsrior of the container shall be

completaly protacted by a suitable corrosion-
resistant ocouting.

5.2.1.1.22 Fiber can. When spirally wound
fiber cans are used they shall conform to Spe-
cification MIL-C-83985, Type II, Grade B,
style as applicabls. Water-resistant pressure-
ssnsitive tape conforming to Specification
PPP-T-60 shall be used for effecting ciosure.

5.2.1,1.2.3 Cuskioning. Cushioning materials
shall be dry and in equilibrium with the
electrode covering. A fiberboard cushion or
other suitable material shall be inserted at
esch end of the containers to restrict endwise
movement of the electrodes.

5.2.1.2 Level B. Not applicable.

5.2.1.3 Level C. Unless otherwise specified
in the contyact or order (see 6.Z), unit pack-
aging shall be in acoordance with the manu-
facturer’s commercial practice and in quantities
specified in 5.2.1.1.

5.3 Packing.

5.3.1 Level A. When Level A packing is
specified in the contract or order (see 6.2),
electrodes packaged as specified in 6.2.1.1 shali
be packed in cleated plywood boxes, wire-
bound wood boxes, nailed wood boxes, or fiber-
board baxes conforming to Specifieation
PPP-B-801 (Type 11, Class 2), PPP-B-585,
JAN-P-106, or PPP-B-838, respectively.
Shipping confainers shall be lined with sealed
caseliners conforming to Specifieation MIL-
L-10547, except container closure shall be
sealed in accordance with appendixes of the
applicable box specification. Groes weight shall
not exceed 200 pounds for wooden boxes.and
70 pounds for fiberboard boxee.

5.3.2 Level B. When Level B packing is
specified in the contract or order (see 6.2),
electrodes shall be packed in such a manner
to prevent shifting of contents in wood cleated
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fiberboard cleated plywood, nailed wood, wire
bound wood, or overiaid paper veneer cleaten
wood boxes conforming to Specification PPP-
B-591, PPP-B-601 (domestic type), PPP-
B-621, PPP-B-585 (Ciass 1 or 2), or MIL-
P-10877, respectively, or in fiber boxes
conforming to the special requirements of
Specification PPP-B-686. Closures and strap-
ping shall be in accordance with appendixes
of the applicable box specification. Gross
weight of wood and wood-cleated boxes ashall
not exceed 200 pounds.

5.3.3 Level C. When Level C packing is
specified in the contract or order (see 62},
electrodes packaged in accordance with 5.2.1.%
shall be packed for shipment in accordance
with the manufacturer’s commercial practice.

5.4 Marking.

5.4.1 Unit package. Uniess otherwise gpeci-
fled in the contract or order (mee 6.2) bmit
packages shaii be marked in accordance with
Standard MIL-STD-128. In addition con-
tainers shall be labeled and shall contsin an
inserted sheet showing the manufacturer's
recommendations as to currents and voltages
used in each position of weiding and complet:
directions for operation of the electrodes being
furnished. Each container shall also be marked
with the following information completed:

BiZE .. iiirir it e
Quantity (net weight) ............ ..
Specification No. ......
Manufacturer's brand or type

designation .........co00viiiiinnnn-
Date of manufacture

(month/year)
Ilotor controlpumber ................

5.4.2 Marjing for shipment. In addition o
any special marking required in the cordrget
or order (see 6.2), shipping containers shall
be marked in accordance with Standard MIL-
STD-129 and chall also include the following;

Specification number and class desigmpa-
tion,




@

e
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Size.

Commercial brand or type designation.
Manufacturer (firm applying covering).
Date of manufacture (month/year).

6. NOTES

6.1 Intended use. This specification is in-
tended to cover several aluminum bronze arc
welding electrodes of various alloys. Classes
MIL-E-CuAl-A and MIL-E-CuAl-B are
primarily used for joining aluminum bronzes,
high strength copper zinc alloys, many fer-
rous metals and combinations of dissimilar
metals. Specification class MIL-E-CuAL-B
is usually preferred to class MIL-E-CuAL-A
when higher tensile strength is required and
lower ductility is not objectionable. Both
classes are also used for corrosion and wear
resistance and as overlay material where
Brinell hardnesses between 120 and 180 are
desired. Classes MIL-E-CuAL-C, MIL-E-
CuAL-D and MIL-E-CuAl-E are intended
for overlays where guod bearing qualities and
wear resistance are desired. The class to use
ghould be determined by the service require-
ments, the harder grades having higher com-
preasive strength but lower ductility than the
softer grades.

6.2 Ordering data. Procurement documents
should specifv the following:

(a) Title, date, and number of this spe-
cification.

{b) Class and size of electrode required
{see 1.2).

(c) Government test laboratory (see
4.2.1 and 6.3).

(d) Preproduction sample waiver, when
applicable (see 4.2.1.1).

(e) Place of inspection and test if dif-
ferent from 4.3.3.

(f) Required levels of packaging and
packing (see 5.2 and 5.8).

(g) Net weights if different from 5.2.1.1.

(h) Method of unit packaging if dif-
ferent from b.2.1.1.2.

MIL-E-2788B

3) Speci;l marking, if required (see
5.4).

6.2.1 Electrodes should be ordered by the
pound. .

6.3 Government test Iaboratory. Prepro-
duction testing for Bureau of Ordnance pur-
chases shall be conducted at the U. 8. Naval
Gun Factory, Washington 25, D. C.

6.4 Expected service value for hardness.
Expected service values are values of hard-
ness obtained under normal production weld-
ing conditions, without water quench after
each layer. The following values are based on

-

surfaces three or more iayers high.

Brinell hardewse
e reaye
I B EQ ad)
|-
MIL-E-CuAL—A i 180 to 180
MIL-E-CuAL—B 140 to 180
MIL-E-CuAlL—C 180 to 250
MIL-E-CuAl—D 250 to 280
MIL-E-CuAlL—E 270 &0 52O

Notice. When Government drawings, specificati
or other data are used for any purpose other thn
in connection with a definitely related Government
procurement operation, the United States Govern-
ment thereby incurs no responsibility sor any obli-
gation whatsoever; and the fuct that the Govern-
ment may have formulnud fornished, or in any
way supplied the said drawings, specifications, or
other data is not to be regarded by implication or
otherwise as ip any manner hmﬂuthehol—dc;
any other peraon or corporation, or conveying smy
rights or permission to manufacture, nse, or sell any

patented invention that may in an: be related
thereto. ind

Custodians:
Army—Ovdnance Corps
Navy—Burean of Drdasnce

Air Foreo

Other lnserests:
Army—{)Sig
Navy-—8hiS

Prepgring activity:
Navy—DBurean of Orinance

18
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
submitting comments and suggestions for improvements. All users of military standardization documents are invited to provide
suggestions. This form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLE), and
mailsd, In block 5, be as apecific as possible about particular problem areas such g3 wording which required interpretation, was
too rigid, vestrictive, looss, ambiguous, or was incompatible, and give proposed wording changes which would allgviate ‘the
problems. Enter in block 6 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
acknowledgement will be mailed to you within 30 days to let you know that your commants were received and are being
considered.

NOTE: This form may not be used to request copies of documents, nor to request waivers, deviations, or clarificstion of
specification requirements on current contracts. Comments submitted on this form do not constitute or imply suthorization
to_waive any portion of the referenced document(s) or to amend contractual requirements.

(Fold aiong this line}
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