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MILITARY SPECIFICATION

TMYS; A=RAFT AND MISSILE WEIDING OPERATORS*QUALIFICATION

This epeelfication1S mandatory for uee by all
Departmentsad igenciee of the *pertinentof Defense.

1. SOPS

1.1 -. This specifieation covers the!pmcedure for IIuallfioatIon
of udders cud.welding .pperatoreengaged in the welding of aircraft,
aircraft parts and accessories,missile, +@ missile parts and access-
ories., by fusion welding methods (Bee 6.2)! ~hie swcification is pot
applicableto aimraft and misef.leground equipment.

1.2 Classifioation. Forthe purposeef t~isspacifkation,welders
and welding operatorsare classifiedas follows:

h:elder,Claes A - Class A welders may ~weldjoints in all aircraft,
aimraft parts arxiaccessories,miseiles,and miseile
orles manufacturedfrom the group(e) of alloy (see3.2 for which they
have pseed the a

~f~~ ‘“S’S (table,) ~ ~ts and aMeeS-

. Permissibleweld@
proceesee (.ee 3.3 includeonly those used in qualificationtests.

I
Welder, Cla.=IsB - Claee E welders are restricted to the weldlng of

joints in group I alloys (table I) only, w~en ueed in the manufactureof
noncritical accessoriesand aircraft ad mt.qsileparte uhich are not part
of the prfmary or secondarystructure. Thie f.nchx?essuch parte as
fafring brackets, steps, 9uppJrtsfor inst&entg, and mtecellanenue
equipaent.

Welding Cqmratore,Claes A - Class .4welding operatorsmay mwh he
weld all aircraft,aircraft parts, mis9ile ad missile parts and access-
ories manufacturedfrom the gFoup(e) of alloys (see s.Z) for vhich they
have passed the applicatJetests (t6ble II). Equipmentthat may be used
will ha limited to that of the prnoesses (eee 3.3) used in the quelification
teste. Class A welding operatoremay weld all types of joints for which
welding procedureshave been established.
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MIL-T-5021D

Melding Operators,Class B . Class B welding operators are restricted
to the machine or automaticwelding of productionjoints, ustng pre-
establishedweld settinge, for the alloy group(e) for whIch they have
passad the applicable teste, as specified in table II.

2. APPLICABLE DCCOMEWS

2.1 The following”documents, of the issue in effect on date of invitation
for bids or request for propesal,form a part of this specifIcation to the
extent speciffad herein:

‘3PECIFICATION’?

Military

MTL-R-5632 Reds and dire, Steal, Melding (for
Aircraft)

MIL-E-S697 Eleotrode,~.:eld+.ng,Coatad,
Heat-TreatableSteel

STANDARDS

Mllitm~

MIL-STO-00418B(SH) Mechanical“Testsfor Wslded

141L-STD453 In..pection,Radiographic

Faderal

Fed Std 66 Steel, Chemical Composition

Fed Test Msthnd
Std No. 151 Metals; Test Methods

low Hydrogen

Joints

and Hardensbility

(Copies of specifications,stsndarda,drawings, and publi.cations required
by $uppliers in conneotion with specificprocurex.mtfunctions should be
obtainsd from the proourlngactivity or as directad by the contract!n$ officer.)

3. SEQUIREH4ENTSFOR QUALIFICATION

3.1 Damnnstratfonof uroficienay. To euhteve qualified etatus,each welder
and welding operator shall demonstratehis skill and proficiencyby
satisfactorilywelding the required joints, u~ing the alloy possessingthe
more diffioult weldability characteriytics within that group which he 1s

~ rsquired to weld‘in
r
cduction. The welds will ba made with the equipment

ad process (see 3.3 used In production.

2

Downloaded from http://www.everyspec.com



MIbT.5021D

3.1.1 Record of Droficienog. The faclllty employhg the welder or
welding operator shall completead retain a record form containingthe
esgential information,ae euggeetedin fi&re 1, as evidenceof the
welderIs or welding operstorts qualification.

3.2 AlloYs. The welder or welding operator shall satisfactorilyweld the
required joints for each group of alloys which he is to weld in preduction.
When welding Groups T and Group II precipitationhardeningclloy9, the
filler alloys employed shell be apprmprietefor the pcrent metal being
joined and chall preduce a weld depesit .~ich will respoxkito the thermal
treatment used to develop high strength in the parentmetalw!th95 percent
jointefficiencyafter beet treatment.

3.2.1 &OUDh? of allov~. For the purpose of this spec%ficatton,the
metale ad alloys ccammly welded in productionare clagsifi%l as follows:

t%oup I - !iardenable,cerbon steel~andlow anOY steel (a~Oy
classificatton a9 indi.oatedfn Fcd .Std66)

Greup II - Corrosien-resistsnt.SSX3heat-resistantferroua alloys
GrouP III - Niokel base and cobalt ~se alloys
Group Iv - ,1.luminumalloys
Group v - llcgne.si~alloys
GrouP VI - Titanium and titanium alloys

3.3 ieldin~ ureoe~sea. For the purpose of thie spsoiffoation, welding
pr0ces9esare cl.sssiftsdas follows:

a.
b.
0.
d.
e.
f.

%
i.

I
GtIS (exy-acetylene,exy-hydroeen),
Shieldedmetal arc
Submergedarc
Gas tungsten erc
Gag metal arc
Atomic hydrogen
Carbon arc
Eleotronbecm
Plasma-arc

3.3.1 Fusion veldirw of @’ouD VI. Titsnlum alloys shall be reatrioted’t.a
welding prooe9ses 9peoificdin 3.3 (d.), (e.), (h.), and (i.).

3.4 Record of welding variables. Ihform+ !.onconcerningwelding vcriable9
+cll be observed and recordedwhile the te?peativespeoimenjointe are
bei.ngwelded.

3.4.1 Procertieeof welded floint~”.The velded joint9 shell be tested and
ehall exhibit propertiedconformingto “allthe requirements9pecifledhereim.

3’
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3.5 Eligibility for wlding. No welder or we15ing operator shall be
permftted to perform any welding operattoriin connectionwl.tbany contract
unt;.1qualified, except as providsd for in 1..1.

3.5.1 A w=lder or welding operator who bag acquired quclified “status” in
weldlng a spacifio alloy by a specific process is, with the exceptions of
OrOup II precipitantion-hardeningalloys and all,Group ITI alloYs, eligible
‘to weld otb.=ralloys in the respective group(s) of a less cliffictit
weldability classifIcation WIthout taking further e~tion. Hewever,
a welder or h’elrlfng operator ehall.be “permittedto weld alloye in only
that group or.~o”p~ of all~y~ fOr which he ha,gbeen qualified and only
with processesused In the qualificationtests. A certifid welder or
.welding operntor mey not weld material less than .25percent below the
~olnhum thickness fndicatedon his current cert.~ficate.

.3.6 FreDarationof welded iotnt~.

3.6.1 I.interlala.

3.6.1.1 Basemetal. The material to be used for the welded samplea of
the qualification tests shall conform to nominal compesition and mechanical
~ropertieswith the material used !n productton in the manufactureris plant
for the fabricationor aircraft, alrcra?t p.srt~and accessories,m!.ssiles,
and ❑issile party and acce~90ries.

3.6.1.2 Filler metal. The welding rode or electrodesshall conform to those
tbct are regularly used in production weldtng of the respective materiale.

3.6.2 Qualification’tests. The qualificationtests for welders-and
welding operators shall consist of the welding ~ in9paotionOf joints
specified in tables I and II.

3.6.3 ~cimen .fointa.

.3.6.3.1 Stmdard jO int~. flaquirementsconcerningthe dimensions,welding,
pnsltioning,+-e*ting,nnd propertiesof ~ta~ati Joints SOS. 1, 2, 3, ad
4 shall be as indicated in fime ~ {gheets 1, ~, 3, and 4) respectively>
and as epecified herein.

3.6.;.2 Joint No. 4 alternate. Jotit No. 4 representsa ccmbinetionOf
‘light a!d heavy sectione quite oftan fouitiin aircraft fitting9. The
contractormay 9ubqtitutefor this specimena fitting having the same
general characteristicsand reautrlnc at least the ekill necees=y to
wel< Jofnt No. .4. This
ree::amined,be eelected

—.. ._ —_.“
fitting may, when tbe welding operator fs-
from a bctab nmde during the regulcr preduotic.n.

4
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3.6.3.3 JointNo. 5 This sample shell oons!st of the nxanufactureof
two butt-weldedjoin~s in sheets or P1.etesofthe nom~l chemic~
compositionto bc ussd in productionwork. One joint still be mede
between twe sheets of equal thickness,representingthe thinnest ebeet
to be welded in production. The other jolzitshall be mcde between =heets
or plates of equal thickness,but simll rc~eeent the thickestmaterial to
be welded in production. The joints qbsll’be approxl~tely 6 tO...32~che~
in length. For sheet over 1/8 inch in thickness,the matel maY be laid
on both .cIdesof the joint. On metal 0.C90 inch thickness ad over, it
ie permissibleto dwunferthe butting edges in otier to facilitateproper
penetration.

3.6.3..4~. This joint eball consist of one or uors “T” ffilet
welds, approximately~ to 10 inches in le@th, us@ materials of
compo9itions, tempers?and the thinnest to Ithioke9t eateri~ c0*i~+i9n
used In production. Mcterial over 1/4 inoh in thickness shel! be weldad
on both ddes.

3.6.3.5 JointNo. 7. Jointslies.5 and 6~shallfirstbe testedas
specifhd. If satisfactory,the applicantt9ball weld one aircra~, or
mt.csilepert typical of the type which he *11 weld in production.
This part shell be testedand examinedin acomrdancewithapplicable
specifioetions. Then the part shall be sectlonsd to determine the quality
of the weld. khen considerablecost ie involved in the rmwfacturc of a
part, the epplicantmay .ubmit teti jointsl@!ichare representativeof the
assembly rmst dlfficult to weld and vhich are nominally identicalto the
produd.ionparts with respeot to items such as mcterisls,heat treatment,
welds over rivets, edge welds, and plug welds. Uhen representativejoints
are used in place of a prochn?tienpert, Joints Nos. 5 end 6 need not be
tested prior to weldlng, Joint No. 7. I

3.6.3.6 %ectil armlioatio~. The designd of the specimens’for qualification
teets msy be modified, providedthe modifi+ deeigne are more directly
applicabletO the int~~ product end MYra representativeof the production
joints the welder will be expected to weld: If the joints in the reedified
specimenare of such neture as to require less skill in welding then the
standd speaimcns,then the preduction work of the welder shall be
similsrlyrestricted. A descrfptiunof the speoimene,preosd~s, d
test rsquirementeto be used in the mdifi~ qtillficatientests shall be
made available in accordancewith applicablecentractual requirementsarxi
so indicatedon record of examination (seefigure 1).

5
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~ Date

Nama of applicant Birtbiate

Weld Claea Machine
(1)

Welding process: Manual Wachine

(2)
AuD1.iCant1s ~i ence

(Ineertthe. in vears.in mcmar sraces) —

manual Machine

Plant production ..—

Other qualificationcarried

Weld nrocedure

NOIE: A suitableform indicatingthe completeweld Pocedure applied,i.e.,
machinesetting(voltage,amparage,gas floweani typa8,tip sizes,tungsten
si?es,weld speed,etc.),electrodesor fillermetal typa and size,material
preparation,aquipnentmake, etc., shallappaarhare.

sD’dltW n data

NOTE: A suitableform indicatingcomplateinfo-tion as to jointgeometry,
materialtype and preparation,etc., shallappearhere.

NOTE: (1) Weldingprocess: Separateform shallb.eused for eachprucess.

NO’IE: (2) Applicant!s axparience: List nnly trainingor experiencepertinent
to weld processfor which qualificationis sought.

NOTE: (3) Re—exandnationdata shall.berecordedon similarform. Theupdating
ofwelder!sage,axpark’iceor othernon-partlnentdatawillnotbe
requirad.

FIGURE1.Record

(Sheet1 of 2)

Witneesadby:

(3)
of examinationof weldersand weldingoperators

6
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Psrt II

Inswction test rewrt:

Resultsof non-destructivesnd destructiveteetsshalla pssr here.
(See figure5) (Welddimensionsshsllalso be recorded.Y

Witnesssdby:

Part III

Qualificationstatus:

Accepted: Date:
Signatureauthorizedrepresentative

Process: Code clsas.tfication:

Metal group: I

Reason for rejection: I

(3)
FIGURE1. Recordof examinationof weldersand weldingoperators

(Sheet2 of 2)

?7
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JOI,W NO. 1

EIJfTJOINT IW PLATE (TENSILETFXX)

L!XAM.WWFOR FREEDOM FRON WARPING AS AN IhTIIGATION OF THE 0PER4TOR!S
.ABILITY.THE REINFORCEMENT%ALL EE MACHIMD OFF AWD Tlfi%4NPLE COT
INTO T.iXf‘iP.3CI!fiNS. TENSILE SPECMNS “SHALLBE IL&W TRIiATEDTO THE
HIGHEST LiVEL TO WHICH THE RESPECTIVEPilODU.71ION PARTS Am ‘HEATTWATZD
OR TO 210 KSI NOl,!INALB.3E.3KING.ST.RENCTH.NOT L3S5,THANTHREE 9PKc~~~
sHALL EL TiX’1%0. TFLiTENsILE sTRtNGI’HOF ZACH SFhCIMSN qHALL ZE N?T
LdSS THAW 90.PERXNT 0? THs !YitEWGTHOF THE PARENT NxTAL.

ONLWS OLI?ERMISE9PECIFLED, DI!4E24910MSIN XNCHLS.

FIG.JJ3E2 (sheet1 of 4). Specinensfor qualification
te+ts for welders

10
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2

j-+
OD~-- 10 MIN,---

JOINTNO.

BUTT JOINT IN TL+ING (TENSILETEST)
NO. OF S~CI!4ENS- FUDR

‘nmmEss OF TUBING 0.028 to ao65 INcL

‘1111sETS OF JOINTS SHALL BE WEUIED, O@ AT BENCH IEVEL AND !lHBOTNER IN
AU ~ FIXED POSITIONNOT LONES THAN THE OPESAIDRvSEYE 13VEL. EACH
SET SHALL mNSIST OF A JOINT WELDED W@ ,ITIETUBING IN A HORIZONTAL
FOSITXX-AN&A JOISTWSIllEOWITH ~E ~lNO IN A VER~CAL IUSITION. THE
JOISTS SHALL 2S TISTEO AS TENSILE SPEC~S. THE lTiIOSNEsSOF THE BEAD
SHALL BE NOT 0RSA2’ERTHiN ‘IWICE‘NIBWAIL THICXSESS OF THE TDBINOAND
‘SHALL SS MEASORED, S’2QN)SS SECTIONINGIF SSCESSART,AFTER THE SPEC.IMIN
IS TESTEO. ‘lliES’IRQN3THOF lWE JOII?FSHALL BE NOT IESS THAN %DW PsI
~R PLATN-CARNONSTEEL ANfI80,000 PSI FOR ALLOY ST= CAIJXIATEOON THE
AREA OF THS SASE METAL. WIH.DIN13POSITIONSSEALL BE IN ACCORDANCEWITH
STANDARDSAS PRESCRIBEDBY THE AHRSICANWELJIIINISOCIETY.

UNLESS OTHERWISE SPECIF~; DIMENSIONS‘ININCSES.

FZOURE 2 (sheet 2 of h). specimns for wdificatdm tests
far welders

n
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HRS?JDVEExCESSMETAL
TO OFUGIN4LDIMENSIONS

JOINTNO..3

VERTICALFILLETUKLO (T12KW3 TEST)
NO. OF SPSCIMEXS- ‘Ml

JOltTNO. 3- VERTICALFTIuix”wEiuk TNIS JOINTSHALLES MADE WITH ‘INS
SHSS1’SSTANDINGON*EDOB. THE PIECESsHALL BS SO SUPFUNTEDTHAT ‘EIERSIS
A CUMBANCE BB’RiENTHE LCSiENEND OF.THESSAI+AND THS JIG, TfiEJO~T
SHALLBE IESTKOIN:T~ION AND SiALL.DEVEIAIPNOT LESS THAN 10,000POUKIS
Pm LINNANINCHIF:THE SASE XETAL IS PIAIN OARWJNSTEEL,AND lEi,OCO
PCIDNDSPES LJXEASINCHIF ALIOY S’IBSL.(SKS~.&l.1).TliSSEOSEH SFECYMN SHAU FE
~ .?0DETSNKINEWHSIHDiOR NOT T~ WSLD HAS FUSKOINTO THE BASE
METAL‘m ‘T~ ‘BOOT. FAILIJS.SIN THE USLD M!TALSHALLBE CCNSIDE6ED
SATISFAC?ORl0NLYWHE4 ~T.YON OF THE -cm INDICA~ THAT THE
HSU WAS ‘601JNDAND THS KWINU14TENSILENE@~ HAVE B~ MET.

UNIESSO’IIWRNISESPSCIFIND,Dl?lENSIONSIN INUiES.

FIGUNE 2 (sheet3 of b). Specimensfor qualificationtests
for welders

12
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JOINT NO. h

CLUSTES JOINT OF ~NE!&TANO TUBING
NO. OF SPECIMENS - TUO

THICSNESS OF TUBING- 0.06S
TNIOKNESS OF SHEET - ~8 INCN

“1”JOINT MO. & - CLUSTER JOM’f OF SHEET,AI@ ‘lUIiING:TNS WELDS SHLLL BE
EXNINEO BY APPROPRIATENONDESTRUCTIVEINSPEC’fIONMETNOM FOR CRACKING
AND sommNEBs. AT LEAST ONE SPECIMEiJSBALLBE CUT AT SOME SEOTION NEAR
TRS INTESBECTIONOF TNE TUBING AXSS ~C43 AS SEO’ETONA-A, lWLIBRED AND
El’mm. WtSUAL EXAMINATIONAT A MAGNIFICATIONOF AT LEAST 3 DIA141?TRRS
SHALLREVEALA PENETRATIONOF NOT LIL$STHAN 15 PERCFNTM TRS l/8 DJCN
PLATE, AND ARS~CE OF BILMHOLES OR KIROSITY M TNE WFJD METAL. SA~S-
FACTORY PENETRATIONOF WELD INTO BASE METAL IS SH~ IN FIGURES 3 AND h.

UNIJBS OTHERWISESPECIFE3D, DIMENSIONS IN IMNES.

“h3@E 2 (sheet h of i). Specimens for qualificationtests
for We~ers.

13
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4. EXAMINATION AND TiW,TSOF UE.LOEDJOINIS

A.1 RasD6iisibilitv for insrxection. The supplier.(employerof the
welder or welding operator) is recpnsible for the performanceof all
inspectionrequirementsas .specified herein. &cept as otherwise ~pecffied,
the supplier may utilize his own facilities or any c$her commercial
laboratoryacceptable to the Government. The Governmentreserves the right
to ~erform anv of the tnsDec.tionsset forth in the specificationwhere such
l&&ct ions ale deemed ne;essary to assure .supplies ind services conform
prescribed requirements.

4.2 ApplicabletestS.

4.d.~ Vtsual examination. The expsed surfaces of all welded joints”
..shall be examined visually for evidence of weld quality am3 welder[s and
weld+.ng operator!s proficienoy. Veld.sshall be reasonable smooth and
free from irregularities. Welds not reasonab~ smooth and “freefrom
irregularitiesindicatea lack of experienceor ~kill on the part of the
welder or weldtng operator.

4.2.2 Manualwelde.GrouuI ‘allo~. Alljointe fabrtcatad by the welder
from Group “Ialloys shall be subjectedto tegts a9 specifiedby Joints

nNOS. 1, .?,13,and A, figure 2 (sheets1, 2, 3, or 4) ae appropriate,ati
:~as9p8cifiadher:in.

to

4.2.2.1 Joint No. L alternate. Joints shell be examined visually for
indicationeof the Welder1s proficiency,and the sourdnees of the weld
deposit determin~ by metallographicexaminationof representativegections
cut transverse to the directton of welding.

4.2.3 Machine welds, all alloy mUDS . and mnual welds, .Groups11 throuch
~. These jointg shall be eubjectedto the teets speciflad in 4.2.3.1
through 4.2.3.3.

4.2.3.1 .Joint No. ~. Not less’than two speoimens from each welded plate
.shcllbe tested in bending (see 4.3.3).

4.2.3.2 .Joint No. 6. Two or more macroscopicsectiong shall be made and
examined for .soundnese,except that’when the jOint i~ welded On One s~e
only,,the joint may be tested fn bending by applying lateral pressure to
the stem,ofthe ‘T” in euch a manner that the legs adjacent to the fillet
as.sumsan ~anglenot greaterthan 30 degrees. Roctpenetration,shallha
complete and confirmedby three macrosections: one within the first inch
Of weld length, one in the last inch, and one near the center.

u
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4..2.3.3 Joint No. 7. The welded joint in the production item, or the
sample joint representativeof a production joint, shall be sectionsd
to determ~.neweld qusltty. When representattve sample jofnts are
employed,the corresponding jotnts in a production Item ~hnll ba examined
visually and radiographicallyor by other non-destructIve means.

,4.3 Test methods.

4.3.1 Vi.sml The expesed surfaces of welded jolnts qhall be exsmined
for smo=~ of swrface of the weld ‘bead,weld contour, ad evidence
of axcesglve irregwlarities, unsounchkss,oraters, laok of fusion, or
surfaoe oxidation.

4.3.2 Tens;.le.

4.3.2,’1 Premration of ma cimens. Tensile test specimensfrom Joint
No. 1 shall be prepsred in accordance‘withNcthod 211, type F2 of Federal
Test Methcd .StandardNo. 151, with a 3/4-inch width of test section and
with the welded joint transverse to the long dimeneion, and at the
aPProxi~te center of the test section,,a~ indicatedin the sketch of the
tensile gpacimen of Joint No. 1 (figure 2, gheet 1). Tubwlar specimens
from Joint No. 2 shall bc testsd as full-sectionspecimens in accordance
with Method 211 of Federal Test Method Standerd No. 151.

4.3.2.2 -. Tensile teets shall h conduotad In accordancewith the
test metheds gpecifled tn Fsderal Tast Mcthcd Standard No. 151, except
thct ultimcte tensile strength only shall be determined.

4.3.2.3 iccert,nncecriteria. The weld shell be consideredsatigfactor.v
when the failure in tension OCCUI% in the base metal. Joints fa!ling at
edge of the weld or tn the weld metal shall be considered satisfactory
only when the fracture is free from defects afi the jO~t conform tO sJl
the requirementsspecifisd herein. The swrfaceg of weld metal fractures
shall be examined visually or at low magnification (not more than three
diatit ers )for the prasance of excassive poEosity, blowholes, inclusions,
cracking, or other defects.

4.3.3 ~.

4.3.3.1 Preosratjionof suecimens. The excess weld metal on either .sida
of the joint shell Ee ground flush with the smface of the base matal.
and the weldad plate cut
joint at the,approxhnata

into strip specimens1 tnch in width“withth~
center of and;transverseto the spsciux?ns.

15’:

Downloaded from http://www.everyspec.com



MIL-T-5021D

4.3.3.2 Methcd.

4.3.3.2.1 Grows 1. II. 111. alloy,q.The specimens shall ba bent in
the weld, 180 degrees over a diameter not to excesd twice the nominal
thickness of the welded sheets, in such manner that the weld is at the
-center of the.bend. Fnr joints welded on one side, the outside of the
bend shrillbe on the gide on which the weld was depcmited.

L.3.3.2.2 Groupsm, V. and VI allovs. The specimeng shall be bent through
an angle of 105 degrees over a diac@er equal to tha bend,factor times the
nominal thickness of the material. Bending shall be at room temperature,
transverse‘tothe wald in any directionralatlve to the dIrectlon‘ofrolling.
BendinE 9hall be by cent.tnuouspressureand witbeut shock. The bend factor
..andbe~d radii to be employed ehall be tiependentupon the approximate
tensile strength of the material to be tested, as listed in table III.
Specimens shall be bent In such manner that the weld is at tbe center of
the bend. For jointe welded on one etde, the outsfde of the bend shall
-ba tbe side on which the weld was depusited.

Table III. Eend factor and radii (GruuP VI .alloYs)

Approximatetensile etre@h (psi)
I

Beni radius

Lass than 50,CO0 ZT
Above 50,000-75,COO m
Above75,000-120,000
Above 120,000-140,000 z
Above 140,0@3-155,@30 10T
Above 155,000-170,000 ll+T

4.3.3.3 Acceutmcecriteria.The weld shall ba consideredsatisfactory
when the total lengths of all cracks in any direction do not exceed
1/16 inch.

4.3..4Wtallocrauhicsections.

4.3.4.1 ‘PrenaratlonOf smcimens and examinationof stxucture.The
weldedjointshall ha sectioned transverseto the direction of welding,
and the surface of the section shall be grnund.afipoliehcd to suitable
“-fineneus. Tbe pelishsd eection 9halJ. b examined visually ad at a

IUCi@f icat ion of frem 3 to 10 diametersfor fusion characteristicsand
,welddefects. The section,shallthen be lightly etched-toreveal mscro-
structureand resxaminadat low magnification. The eections shall be
axaminad for the following propertiesor defecte and appropriateelements
noted on the inspectiontest report (fIgure 5).

16
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a. Overall fusion of weld root penetrption, burn-through,blowholes.
b. Convexity, concavity,and ~fze ~f bead of fillet.
o. Underoutting and overlapping.
d. Inclusions.
e. Cracks.
f. Porosity.

4.3.4.2 Acceptablecriteria..Veldsshallexhibitcharacteristicsof
fusionjpenetration,ad soundnessof weld~deposit, indicativeof
satIsfactory welding practice. The quclity of the welds on Joint”No. 4
shallbe equalto or betterthanthatexhibitedby figure3. (A1.YOsee
I’lgura4).

L.3.5 %dio~aphlc examination.+ieldsmaybe examinedby radiography
providedit bas been demcnstratsdthat the:techniqueestablishedfor
examinationwill give a positive indicationof defects. Such inspection
~hall be performed in accordancew~th MIL-OTD-453..

4.4 Ualdaualityrecmirement~.

L.4.1 Weld soundne~. weldsshallbe freeof cracks,incompletefusion
or penetration,overlap, undercut, surface~voids, and overlappingfolds.
Porosity d@l not excead the following limitatSons$

a“~ The mcximum extent of single’cavltiea-shallnot
exceed 1 3 of the thfcknessof the thinner;msterial (‘%!:)of the joint or
.060, whichever is the lesser. Interconne&ad porosity shall ba considered
as a single cevlty.

I

b. ~cattered mrosity. The sum of th~ areas in any pti,neof all the
cavities contained in any one inch length of weld must not exceed5 percent
“ofan area in square tnches.equnl to cne t$mas the thic~es~ Of the went
metcl, or when”ticqual thicknessescre welded the thickness of the thinner
material. 1

c. Linear unrosity. The sum of the ~as of the radiographicimages,
of three or mere”porogity cavities in ,altgnmentshall not exoead 2.5 percent
of an area equal to one times the thicknes< of the thinner materialwelded.
The maximum extent of linear porosity shall not excead 1/3 the parent material
thickness or .060 inch (whicheveris less)~end the width shall not excead
10 percent of parent material.thickness at sny point.

4.4.1.1 Inclusions,either tung=ten or nonmetallic,shall be subjectto the
mmc dimansional limltations defI.nadfor scattersdor linesr pcrosity.
Where both inclusionssnd porosity ere pre~ent,the total of their combined
lengths shall be within the limitatione for pros ity.
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MIL-T-5021D

4.L.2 Weld dimen~ion~. l!eldreinforoement~on butt weld= and the si~e
of fIllet weld9 shall be eetablishsd by the contractor. Dimensions or
sizes shall be in accordance with standard design practices applied to
parts to te weldsd h production.

4.5 Wection and rete~t. !ihenthe welder or welding operator fails on
one joiqt, he shall be psrmitted to submit two other epscimensof tbe
9ams joint. If either of these specimens fails to conform to the require-
ments specifled for that joint, the welder or welding operator shall be
disqualified. If reexcmination is desired after the above tests, the
welder or weldingoperator shall bc required to eubmit a complete series
of qualificationtests ae specifLsd in 3.6,2. In addition to the above,
the welder or welding operator will be.required to submit one additional
set of sp.xlmens of ..thejoint which resnlted in the disqualification.

4.6 +cwrt of tests. Upon successfulcompletionof the specifiedtests,
and inspectlOritest report, contain{r& the eseential informationas
a%gs~ted by figure‘5, shall be completedand signed by a responsible
Official of the contractor.

-5. MAINTENANCEOF CIUALI~IOATION

5.1 Meintensnceof statusfor weldert. c@lificd etatus“ofa welder
msy be maintainedby a centinui.ngrscordof.satisfactoryworkmanshipin
complicnoewith 5.2, or by ~ucoessfullycompletingree=minatlon tests
every 6 menths as speoified in 5.1.1. Requalificationshall be requirsd
of any welder whenever there is evidence of the lack of proflctency.

5.1.1 Reexamination.This reexaminationwill bc rsquired when a continuous
record of workmanehfp is not maintained. Claes A weldere ehall be
reexamined every 6 mzmtheby weldingJointNo. 4 for Group I alloys ad
Joint No. 5 for Groups II, III, IV, V, and VI alloys,or by welding
altsrnetejointe as providsd in 3.6.3.2,3.6.3.5,or 3.6.3.6,an applicable.
ClassB weldersshallbe reexaminedevery6 monthsby weldingJointNo.2
(overheadOr by we~ing jointsrepresentativeof ProductionjOintsrequti~g
at leastae much skill. men the welderfaflethe aboveteet,he stall.be
reexaminedin accordancewith 4.5.

5.1.2 Nsfntenenceof status for welding ODerator~. Qualified stat.u..of
welding operatore may bc maintainedby a continuingrecerd of satisfaet~ry
worknhnsbip‘inconformancewith 5.2,or by suocessfullycompleting
reaxsmination every6 monthsas requiredby 5.1.1. Exam.instion or
reexaminatIon of a welding operator or equipment will.be requlrsd whenever
there Is reason to question the preficiency of the welding operator, operation
of the eqt!ipmsnt,or tbe quality of the welde. Pericdioreexcmlnationwill not
be required for welding operators when reeorde indicatethst a satisfactory
quality lsvel 1s being maintained in the welds.
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FIOURE 3. Satisfactoryweld metalgeoetratlonin JointNO. ~
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(a) INOOMFLKTNMOT PENEMIATIOli
(b) IWOFFICImT:PmEYIiATION IN THICK PLATE.
(c) BAD NOTCH CAUSED BY POOR FIT-UP AND INCQMPLKTEIU70TPENETRATION
(d) 6ATISFACYORYWELD

FIOURE h. Welding examples
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5.2 Contlnuint?recordof workmamhtp. The determtnatiOnOf a -atis-
Pactoryrecordof workmanshipshallbe hassdon approved,pericdic
sohsdulsdinspectionof croqssectionsthroughtypicalproductionwelds,
by pronfteqtingof productionwelds to stresses greaterthantbe
maximumservicestresse.,or by nondestruotlvamethcdsnormallyconducted
by the contractorfor !nspectingproduattcnweldmentscapable of diqclosl.ng
the presence of such typical .?efecteas crack..,entraPPad s~g, Wr~S~tY>
lack of fu~ion, end inwff icient gxsnetrati~. A continuous ree~~

eyetem of inspsct ion results shall be me intcinad.

-6. NOflK3

6.1 IntendsdUSQ. This specificationis intend&3for use in ascertaining
that prospectiveaircraftand ❑issile wsld&e ad welding operators
po.9ses9a satisfactorylevel of proficiency.

6.2 hf inftions.

6.2.1 r%sion veldin+ is used In this ~pecification,fusion welding may
be def1ned as a procese in which metale er6 welded together by bringf.ng
them to the molten @,ate at the surfacesto bs joinsd, with or without the
addition of filler metal”and without the appllcatton of mschan?.calpressura
or blows.

6.2.2 Welders and weldimg operators.Weldersinolisiepersonnelwho make
welde by mcnual manipulation of the electrdde holder or torch held by the
hand. Welding opmators incltie personnel ~who operate equipment that
controls the poeition and relative novement of tbe torch, arc, elaotron

beam or plaeme. The aquipmentperformsthe weldfng operationunder the
control of the weld+ng opsratorwho makee the initialcontrol and POsition.lng
adjus.tmentsand other adju~tmentsof the controls,as required, as the weld
IS made.

6.3 WelderI~Q. i% the OptiCnr weld
of the employer,a qualifiedwelderor weldingoperatormy wear a badge
or bs issusd a certificatefurnishsd by the employer,wbtchindioatesthe
type of welding, clas~ of welding, group of alloys, date cf i?+susnoe,
the welder!9 or welding operatoris nams, a@ Pacshile of the welderts or
welding operator1e stamp.

6.4 Msreincl indicfa. The margins of this specificationara marked to
Indiaetewkere changes,delettons, or additionsto the preview Issue hcve
been made. This is done as a convenienceonly end the Governmentassumas no
liabilitywhatsoever for any inaccuraciesin these notations. Figuresara
not en marked. Biddersend contractorsark cautionedto evaluatethe require-
ment of this document based on the entire[ contentas written, irreepaatlve’of
the marginal notationecnd relationshiptolthe la4 preview. issue.
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