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.

SPECIFICATION

WELDING,METAL ARC AND GA& STEELS, AND

CORROSION AND HEAT RESISTANT ALLOYS;

1. SOOPE

1.1 Scape. ‘R&I specification eowem the m
quirement8 for the manual or machine waid-
ing of steels and comeion and heat-resistant
8MOYSfor akmft me.

1.2 (’k9aifkatkq. ‘X’MIJqlecikatioa ~
the following types of prmesna:

oxv-acetylen~

my-hydrogen

atomic hydrogen

electric am, covered ekctfode

mbmemul arc

electric am inert m shiekkd, con8um-
abk or nonux&xnabk electrode

2. APPLICABLE DOCUMENTS

The following specitkatkma, atandmk
drawinua, and publications of the &sue in ●f-

fect on date of invitation for bids forma part
of this Speciik’atilirl :

SPECIFICATIONS

MILWARY

M2LT-!’iOZl — 7’ests; Aircraft Welding
Oprators’ Ckrtifm-
tbll

MILR4X11 — Rodn: Wddinfc, (kro-
don and Heat Resisl -
ing Alloys

MUAL56%2— Rods: Steel, Welding
(for Aircmft Appli-
cation)

MH.E=4M4!l -Electrodes: W e 1 d -
ing, Mild and Aiby
Steel (for Aircraft
Applidioau)

MIKA&6S44-ElactrodeB: Weld-
ing, (lmooionsnd
Hest-lleaistant A)hrys
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MIbW’-$6llA

?fIL-14wi — inspection; Radio-
graphic

MIL14366 — Inspection; Penetrnnt,
Method of

MIL-I-6B& — lnapection Process,
Magnetic Partick

MIlzl-6%’tO —lnsptction Require-
ments, Non-Jkstruc-
tive; for Aircraft Ma-
terials and Parts

Ml Lt14?75 — H e a t Treatment of

M! I~k’-751(i

M1LA?AY)7

STANDARDS

FEOmAL

Test Method
Metals: Test

PUBLICATIONS

Steels (Aircraft) :
Process for

- Flux, Welding, Corr&
sion and Heat Resist-
ing Alloys

-- Electrodes, W e 1 d -
i n g, Ferrous, Cov-
ered, Heat ‘IYeatable

Std. 151
Method

A?4G!5 Strength of Metal Aircraft Ek
ments

(CopiesO!spteifkmtions, standsrds, snd drswin~
quid by contmctom in cenntction with specifl,
pracumunt functionr should be obtained from tlw
procuring scttntv nr u dtwetxl by thr contrmtin~
Omcer).

3. RWUIREMENTS

3.1 Welder or Welding opemtor. We)ding
shall be performed only by welder or welding
operators who have met the requirements of
Specification MTLT-5021 for the particular
noup of materials and types of welding in-
volved .

X2 Equipment.

1~1 (%nrd. Welding equipment, such as

-
welding machines, torches, regulators, and
filler metal feed mechanisms shall be capable (
of making satisfactory welds, when operated
by a certified @der or weiding operator
using satisfactory filler rod or electrode
where applicable.

3.21.1 If the Covemmeti representitivt
has reason to doubt the capability of any
welding apparatus to function satisfactorily
he shalI require welder’s eertifkation tests as
deacribsd in Specifiution MILT-5021 ap-
plicable to the type of work for which the
quipment is intended. The tests are to be
made by a welder certified for the materinl
and type of welding, ●nd aakcted by the au- .
thorised Government representative. Mttlti-
ple operator sets shall tM tested while the
maximum number of operators am welding.
If under these conditions the applicable re- 1
Quirementi cannot be met, the equipment
shall not be used until the necessary repairs,
adjustments, or replacements have been
made.

3Z2 Heating apptirmees. Furnaors used
4

for preheating parts prior to welding or for {
postheathtg parb after welding shall have
suitable pyrometric controls such ‘fiatthe
temperature varies not more thnn = 25°F.
Torches or induction heating coils may be
used for preheating provided the specified
temperature range is maintained by usimc n
suitable contact pyrometer. acceptable tem-
peratum-indicating sticks, or mceptib}e twn-
ptrstu-indicating liquids.

3.3 Materiah

xl. 1 hre MetCd. stAs with a Cat+oll

equivalent greater than 0.44 % and harden-
ability gveater than that of MILS-501M
shall not be welded without approval of the
procuring agency. For such approval the
proposed welding procedure details and test
reaulta of repreaentativt specimens, exam-
ined in ●zordanee with methods specified in
=]on 4, shall be submitted. Carbon Equiv-
aknts may be determined by using the fol-
lowing fonrmls:

2

Downloaded from http://www.everyspec.com



.

MUPW+611.4

C.E. = C+ Mn+Mo+Cr+Ni+Cui I’
T Tr 1s 5

:L3.L2 Corrosion and heat-resistant stickel-
chromium steels shall not be welded unless
they are of ● composition which is stabilised
against sensitization to intergranular oorrtP
sion, tubs * maximum Urbon content is
0.03% or * or unless they an mh-t-
lrded in acwrdance with Military Specifi-
catioi~ MIL-1 1-6, Table L

3&2 Fifkr Jfettd. Welding rods, we!dinsr
wire, and ekctrodea used in the welding of
steels and corrosion and heahesistant alloys
shall be capable of producing satisfactory
welds when used by a certified welding oper-
ator with satisfactory welding ●pparatus,
and shall have a compositionsuitable for pm
ducing welds conforming to the swquire-
ments specified herein. Coated ekdrodes
used for welding mild and low alloy steel
shall confom~ to Military Spedkation bflL-
E-6843 or MIL-E-S697 as applicabk Coat-
ed electrodes used for welding corrosion or
heat-resistant alloys shall conform to bfili-+-
tary Specifkntion MIM34844. R&is used
for the weiding of mild and alloy steel shall
conform to Military S~fication MILR-
5632. Rods used for welding corrosion or
heat-wsistant alloys ahaIl conform to Mili-
tary SEificntion MILJU031. The filler
met mI med ill the weiding of dissimilar
mc(.ak shall etmfovrn to the requirements of
the prncuring agency. The class of filler
metil emplm-ed shrdl be comwtible with the
Iume metal in maintaining the mechaniad
properties nnd corrosion-resiatttnce of tttc
&se metal.

3.3.3 FIMx. Flux for gas welding of corr~
sion or heat-resistant alloys shall conform to
the requirements of Military Specification
MII=F-7516. Fluxes shall not increase the
cnrbon content of the weld metal ttignifi-
cnntiy.

3.3.4 Guses. Gases shall be of a grade des-
ignated for weiding.

34.1 Geaerd. Welds of material .4)83 itwh
thkk or ksa may be of the flange, but~ lap,
or tMet joinu aa ●pplicabk Welds of mate-
rial thicker lhan .083 inch shall be of the
butt or fillet type 8s ●pplwabk Lap joints
may be d in material thicker than tLINt:
inch aubjed to the approvtd of the inspectw
Or, in the sase of rriti8td jointa. to the alb
proval of the procuring sgency.

3.4.2 Joird lkuipt~. Joint design alwuid, m
generai, be in accordance with 1he latest
prndices recommended by lhc Amwieall
Welding Society.

MS Acces@i/ity. Aii purtious d a weld .
Shanbe ~ble to proper removal of flux
residm

35.1 Procedure Certijkuhon. Prior to M.
tm8ixM!in prdutiim welding, the contractor
shall demonstrate to the authorised govern-
ment inspector the satisfactory quaiity of
rep~tive welds by means of tile -L<
8PWifkd in Section 4. Procedure Cerlificatiw
is intended to cover a technique of o~r*-
tiorta rather than a specific application nml
accordingly shall not im repeated for differ-
ent weld aasernbiies, uniess recertifkalioll is

warranted by a break in the continuity {If
production, by a sttbsbmtial increase in Lhr
complexity of the work being perffwrrwfl,
or by substantial changes in prordu re. it)
case of rifJuiL the l]*eSSlty fw I“ccerliflca -
tion shall be cleterminwl hy t iw aut hnrlmrl
government inspector.

35-2 Preparation 0/ Swrjucts. Surfaces 10

be welded shall be free from grease or othw
foreign matter ●nd shail be as free as pcNs-
sible from rust and protective coatings.
Cleaning with a wile brush orabrasive paper
may be used for rernotiing’ rust and protec-
tive coatings. Where a wire brush is used it
is recommended that its composition, insofar
as practicabk, be similar to the composition
of the materiai being welded.

3.4 Weld Design.

L-

3&3 Srrtoothneuu md wdd coni our. Where

3
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DiLw-smA
practicable, all weld joiota shall fair inta the
adjncent - in gradual, aoooth ~.
Beads ahdlbesruooth andahdlbc free of
*, excessive’ underc@ or txceaaive s@-
Ier. Sut%cicntmetsl shall be added to provide
a muitibk fillet or minforcemcn t ankmaother-
wbe x*IH. Welds ehall be aeakd to pm-
wit the entrance of nir or Inoiatum -*
Ihid the authorisd xovemment inspector
may wa ivc this requ irwnent for non-critical
alwas manufactured of corroaiom-~iatant
material or not subject to fiux maidrn.

%5.4 Burning w tntrn-thrmbgk. Fusion
through the full thicknese of the ~ zna&
rid, m areae other than those where 100%
Iwnetration is * requiwment of joint tiign,
shall not be acceptable when welding ma@
vials nbovw U50 inch in thickneaa or in
slructmml or in critiul areas, In no case
slm!l the weld snet81 he @rnt (*M) or
rontuin hob or pores through the material.

3.S.6 Merking. Each welded aaeembly shall
k mnrked by the eoutractor ao as to pi-
tively i&ntify it with the welding ~tor
who made the welds. using a methd of iden-
tification approved by the (kwemmea t rep
reaentative.ldenliiication shall mnain on
lhe pnti at kaat until final inspection and
●cceptnnct of welds. Pmnanent marking,
surh aa imp’%eion dampiug, shall ti &
8pp1ied to Critically W- a- bwt per-
manent marking shall he nd when not in-
jurious to the servirw+hility of the parL

3.6.1 Plain earbun and iow alby ataels:
Welded aaeembhee in ptitn carbon ad low
alloy ataeb shall be claeeifkd ae {a) ~-
Mee for whkh a quench and temper type
heat trestment after welding ie specified a
the applicable drawing (b) ~blia for
which a normalizing or annealing heat treat-
ment ●fterwelding ic specified on the 8P
pl”~bk drawinx, ●nd (c) tkher aaeembliea.

Type (a) aaeembih sampled as ~bed
in WWMph 42.1, shall cOnfOrmb t)w pm

scribed mechanical strength level and to the -
Inmd tmt requirements of M11A+6W for
thatatmngth ievel. (

Type (b) aeaesnbliw aampkd ae described
in ~mgraph 4+, shall meet the minimum
atreulgthM.hM8 in ANG5,

Type (C) ~ aasopkd 88 Htmd
in paragraph 4.2.1, ehall meet the minimum
~ml=inANC%aMlh@akd-
neaainthe beatattected weldzonee &t
greater than RockweU GS5 and shall with-
stand COMbending without crackkg _
anangke ofltlt) onamihieequal @twice
thelnaterial tWcUee&

~ and ‘duotility mqmmnenbluay .
be waived by the prtxunng agency upom aub
miaah)n of ‘~V * dessmattiing
that Weld~a& cosLfosmingthemko will
be”aabktmy for tke ishmckd application.

3.7 Gememl

Ttse~in gmiB8ize ofwekl-afktd
sonacmer thatofthe&aemetd abllaot
be equivalent to snore than three nurnbm in
the AS’llfade andinnoeaae ahall the
~inaise becouaerthan ASTX NC3as 1

}iated in Fedeml S&L 151.

In @ cesnpment ~ enteringinto
weld aawsnblia should be norndised or an-
Mnk4 in order to -t themquimmenta for
grain ●k, benk and f r e e d om f r u n c r a c k i n g

3.7.1 comoEion end hed-resisti ateeb,
see par8gmph 8.s.12. T%e Co?70eion rdat-
ance of the material shall be aa littk a.ffeded
IN weldi~ u ia rommtihk with the &at
welding practice.

4. QuALITY ASSU8ANCE mtovlSIoNs

4J~Allparte weMedhl UYmdaxn
with We spdbtkm shall be eubject to im
m b -titi gwmunent *
aentahwho ahallbegivenall ~
facilities to det.4mnise cxmfonsmace With tim
~u irwoeok of this Spdkath

42 P,’adare eertitmtiew

4
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43.1 ti~g Im Potire ~tiX*
For consideration of procedure approval, the
contmctor shall aekt 6umdent aampka of
wekkd assemblies, prepared under produc-
tion condition& to establish the quality of
wekling. Insofsraaitispradieabk, he shall
aslect sampks made by different welding op
ermtma. The method of aekcthg samples and
number of aamPk s~~l be ~tisfactom ~
the government mp~tative.

423 Froce&re do.fa. The following infor-
mation, as applicable, shal) be furnished the
government representative with all wekkd
specimens, submitted for consideration of
aPPrOVaIof procedure (-b mnducti ~d
data subrnitti for the certiti=tion of weld-
ing. operators under Specification MIL-T-
5021 may also be used for procedure certifi-
cation) :

(a)

(b)

(e)

(d)

(e)

(f)

(K)

(h)

(i)

Manufacturer, type, and aerial num-
ber of welding machine.

Brand of ekctrode or rod.

Nominal chemical analysis of ●kc-
trode or rod.

Type ●nd purity of gases used, rnte
of !knv, and flame chxracUwistics.

Nominal compmition or type of flux.

%- and poet-heat treatment, if ●ny.

Welding operator’s name xnd identi-
tlcation symbol .

Drnwings of th? application.

Date welded.

LZ.3 Trdu /or procedure crrtipution. The
followinu tests. in sufficient number to esta~
Iish the quality of welding, shall be ●mployed
for eertitkat ion of contractor’s procedure:
Visual inspection (paragraph 4.3.2)

Mametic particle inspection (paragraph
4.3.2)

Penetrant inspection of non-magnetic ma-
teriak (paragraph 432)

Radiography (pamgmph 4.3.21)
L

kmF~’=A]~

Tensile and bed (MILT<”? I w MIL
E-8697, as 8pplicab!e)

u Qaality Co9trul of pmdmetiou

431 ~~v for inspecbn. Not k:
than 5 per At of the re~ntative aca-
eritical mllhmults fmn eachweldingop?Y-
ator’s production shall be aekcted for inspec-
tion AN critical Weldments Shall be eekrtefl
for inspection. Critid wekhnerds shall be
defined as one. the single failure of which
during any opemting condition would muse
Iosaofthe aircraft oroneofib-jor com-
ponenk loss.of contro~ unintentional release
of, or inability to rdease any ●rmament
stme, failure of gun tilation eomponen~,
or which may cause aignifirmt injury to
occupanta of the aim’aft. The method of
selecting samples shall be acceptdde to the
government repreadative.

4.3.2 kpsctitm forproduction. Subsequent
to heat treatment the weids and their adja-
eat am of all aampks sekctad as m para-
graph 4.3.1 shall be subjected to detailed
visual ina~on and to magnetic partick
or penetrant inspection. Where ~ry.
this examination shall be suppkmenti by
macroscopic and Inicroacopic inspection of
mpreaentative pmta for the following items:

(s) Fuaioz including root ●nd joint pene-
tration.

(b) Convexity, conedvity~nd size of
heads.

(r) Ilndercutting and overlapping.

(d) Cracks.

I e) Pm-osit y and inclusions.

(f) Other metdiic discontinuities.

4S.21 In addition, at least1 per cent of
the representi~ive critical weldments from
●ach welding operator’s production shatl &
spot checked by ndiogmphy for items 43.2
(a). (d), (e), and (f) above. Radiography
may be waived by the government repre3en-
trtive in applications when the geometry

5
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of the joint or other considemtions
radiograph y incapabk of adding to

render
the in-

formation obtained under paragraph 4.3.2.

4.4 Quality control of repair W*

4.4.1 %nplinfl vepair suaIds.

AII repairs in critidly stressedassemblies
welded from wrought material, or in cast-
ings ctasaified as claaa i under Military S~-
cification MI L-G6021, where such repairs
at-c permitted shall be subject to inspection,
Not less than ten (10) per cent of repairs
i~i non<ritiadly stressed assemblies welded
from wrought material, or in class 11 cast-
ings shall be sekcted for inspection. The
method of sekcting aampks shall be accept-
ahlc to the govmwnent representative.

4.4,2 fnsprction of repair welds. All aam-
pics sekcted as in pnragraph 4.4.1 shall be
subject to the requirements of paragraph
4.!L2.

4.4.2.1 A!wdioflrrzphic inspection. One huN-
drd (100) per cent of the repairs in ctass 1
cnslings or criticxdly stressed assemblies
welded from wrought material, and three
(::) per cent of the repairs in ck.as 11 cast-
in~ or nmwriticnlly stressed assemblies
wcIfid fronl wronght material shall k
rhccked by radio~raphy for items 4.3.2 (a),
(I-I). (c). awl (f) ahovc.

t.4.2.2 Where examination of a welder’s or
uekiinc operntor’s production reveals unsat-
lsfactcwy welding quality, additional uW-
nwnts by that operator may be taken as
deemed necessary bv the 1nspector for ex-
a mi nation by any means to insure astisfac-
iory weld qua)ity.

4.5 Teat methods,

4.s.l Magnetic particle inspection shall be
performed in accordance with the ~uin+
ments of Military Specification M1H4868.

4.5.2 Penetmnt inspection shall be pwform-

6

-
ed in ●ccordance with the requirements of
Military Specification MILL-6866. (

4.%3 Radiographic inspection shatl be per-
formed in accordance with Military Speci6ca-
tion ~14866.

44.4 l’%e preparation of microscopic and
macroswpic specimens shall be in accdance
with standard metallograph ic practice.Mac-
roscopic inspection for defects should be con-
ducted ●t magnifications below 40 diameters.
Microscopic examination for grain sise, melt-
ing, eh, shall be conducted at 100 diameters
magnitition or higher.

4.55 liminess and tensile testing shall be ‘
in accordance with Federal Test Method
Sktdard 1s1.

5. PREPARATION FOR DELIVERY.
Not.sspplicabk.

NOTES

6.1 General. The. ptwvisions of this section --
represent recommended practice nnd are not
mandatory.

6.2 Preheating of weldments mny be ●m-
ployed for the following purpose%:

To reduce distortion during wefdirw

To lmwent cracking during or immediately
nfter welding.

To prepare the weldment for posthe~tirw.

6.2.1 Preheating requirements will vary
considerably with the base metal composition
and the filler me@l characteristics. In gen-
eral, the preheating pro@ures n=es~ry to
prevent cracking will be furnished by the
vendor of the filler metal,

6.3 Post brat treatments of weldments
may be classified as follows:

QuenA and temper heat treatments for
maximum strength.
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Normalizing to refine gra~ krtaae duc-
tility, and improve machinability.

Stress relieving to reduce distortion during
subsequent machining.

(Mtrokd cooling (austempering) to pm
vent cracking.

Carbide aohstion treatment of cmroaion-
resistant steels to minimise sensitivity
40 intergmmular corrosion,

Stress relieving to reduce residual stresses.

6.%1 Recommended quench and temper
heat treatments are listed in MIIAZ4697.

6.3.2 Normalizing should be performed in
accordance with the requirements of MIL
U-6875 after final welding of the parts.

6.3.3 Stress relieving may be accomplished
as follows :

(1) The areas to be welded should be pm-
heated to the temperature noted in Table I
immediately before welding.

TABLS I

PREHEATING

0.16 0? k$s

0.16 through 026

0.16 throurh 0.33

o.M through 0.43

0.44 snd higher

None rcqsaimd

Plain carbon steels

SAE 4130 and NE 8630
s@els or alloy of equal
or lower harwmbil ity

SteelI -h hmtlestdsility
higher thsn ●bove

(*)

200

400

4767s0

(o)

t“) atmlo in thh rwbn mnm -Id ad b -W “b
lb -+h.m n~om h moclfiall, .~ ~ ~ ~Ac

-CJ Isa mrurulh l.a.1)

(2) After the heat-affected weld zones
have cooled to room temperature, the weld
and heat-afiected areas should be tempered
(stress-relieved) by f umace heating or by
torch heating hxxdly using a “’soft*’gas flame

MILW’-W 1A

or by induction heating, in a ttqnp+ratur~

~ of 1000 — 1200’F.

(9) For M* specific joint involving si~]l I
ficawtly different gauges of material, mcls
or joint deaim the minimum time necea~a~.j
within the above temperature range to iasu rti
compliance w“th the rmuirwnents herein
should be determhwd and incorporated in !he
-u=

6.3.4 The controlled cooling (mnrtemper-
ing) of heat-affected zones may be performed
ns follows:

(I) Prior. to welding, the rnatcrial should
be pre-heated locally or in a furnace to a “
temperature above the MS point of the base
metal.

(2) Immediately ●ftm welding, the hent-
affected zones should be held within the
above temperature range for a minimum pe-
riod of 10 minutes.

6.3.5 Preheating should be accomplished by
one of the following methods:

(a) In a furnace.

(b) By one or more torches so arranged
as to pmcluce and to maintain a uniform
temperature. The wuird temperature range
should be maintained by using a suitable con-
tact pyrometer or other acceptah;e tmnpera-
ture measuring methods.

(c) Any other method provi?ling an equiv-
alent degree of contm!.

During welding the preheated part should
he m~intained at the preheat temperature b}’
satisfactory methods, such as an arrange-
ment of torches and by use of satisfactory
insulating materials or an induction coil to
prevent the rapid dissipation of heat.

6.4 “Vmtibt* Suitable biowers, exhaust.
em, or uther approved safety devices shall be
provided where &ed to protect personnel
against fumes resulting from flux, filler rods,
etc.

7
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?Miee:WbemGovemmmt 4r8wi9g&Bpoi61atioM
orother d8ba.m888d Zor8ay~0the?ti io
eoanoction with ● deholtdy ~tmf ~t p-
eummat ovcratiom the Uaitd St4- G4wtrnmrnt
tbemby incurs DO rczpoasibility wr w obliitien
w&taWVer; aadtbef&?ttk8ttk @Wr8meatmS7
h-e fol=lliatattforrlhbed,m’ ~ -7 m mpe
tJu8akldnw 8puisatkm% @rouur Aat8irMt
to be~rddb yilnplicatbloorotkuuire.Uhl

snymsnner lkeasiagt beboider-~ Otk?pcmon
or corporation, or conveying any* or ptXMdon
M msndach, use or 8eU ●ny #a9td inwention
*t wuy in ●ny w8y be &ted tkcto.
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