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1. SCOPE

1.1 Scope. This standard covers the requirements for welding rocket molor case
components by the electron beam (EB) welding process.

1
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2. APPLI(IARLU DOCUMENTS

2.1 Government documents.

2.1.1 Specifkdions, standards and handbooks. The following specifications, standards and
handbooks form a part of this document to the extent specifitxl herein. Unless otherwise
specified, the issues of these documcn[s arc lhosc listed in the issue of the Department of
Defense Index of Specifications and Standards (DODISS) and supplement therelo, cited in the
solicitation (see 6.2).

STANDARDS

MILITARY

MII..-ST4S?S? lnspct’[ioc. Rildi~gr~iphi~

MIL-STD-1949 Inspection. Magnetic Particle

(Unless otherwise indicated. copies of Icdcr:il and [l]ili[ary sl~ccil”icalions. stal~diJJds and
handhc~clk.s arc til’tiilab]c frorr.: SL:md:I:dIzaI!, I: I r)(lCJ:IICn[> ~rdc: Dusk, 13uild]ng 4i3, 700”
Rohhins Avenue, Philaclclphi;t. PA 1~1 11-5094.)

‘2.2 Non-(jtJv~rnn~ent publicti(ions. ‘The loll<j~~]ng ti~juunlcnls Iurrr; :1 p:ii”l [)1 thl> documcnl

LU the cxtenl spcciiled herein l-)nlcss o[hcrwlsc specif’ic{i. the issues c~l the documenls which
arc DoI.) adopted are those Ilsted in the JSSUCof’ the DODISS tiled in the soliclta[ion. Unless

Olh(XwlX specifka. [hu issues O( Llucumcnts no[ listed in [hc DODISS arc the issues 01 lhc
documents cited ]n the solicitation (see 6.2).

AMERICAN SOCIET}’ FOR TESTING AND MATERIALS (ASTM)

ASTM E 8 Tension Testing of hfetallic h4aumals (DoD adop[ed)

(Application f~)r copies should hc addressed [c [he Arncrican Socicl} for Tcstlng :Lnd
\4:iIcrI;i]s. 19]() ~i}c~ Slrcc’1. Philadclphl.i. p,.; 19103 ] ISq. 1

.AMERIC,ZUi WELDING SO(’IET}’ i ,4\J’S]

AWS N+.() \Vcldjny qcrms ;Inci Dclln]tl[]ns (I>oD adoptedj

(Application for copies should t-w :iddresscd [o the Americnn Welding Society. inc.. 55(1 NM’
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23 Order of precedence. in the event of a conflict between the tcx[ ol” this document and
the references cited herein, the text of this document takes precedence. Nothing in this
documenl, however, supersedes applicable laws and regulations unless a specillc exemption has
been obtained.
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3. I) EFINITIONS

3.1 General definitions. lJnltxs otherwise defined herein, (he definition d’ welding lcrms
used in this standard are in accordance with A~’S A3.().

3.2 Incomplete penetration. Incomplete penetration is a lack of fusion in the root of the
weld or gap left by a failure of the weld metal [o fill the root. Incomplctc penetration appears
on the radiograph as a dark continuous c>r in[ermitlcn[ line in the middle’ CJ[’the weld (see
figure 1).

33 Crack. A crack is a discontinuity produced by a l’rac[ure In (he meliil, and appears as
d [Jllc dark lifle, sl[aigill 01 w(i[]dc[irl~ ill dilc~li~jll (see” figule 2).

3.5 Sharp weld ecfge. A sharp weld cxigc occurs at [he edge of the WIeid bead and may be
caused by either the grinding operation (~r Ihe welding operation or both such as the back-up
plate. A sharp weld edge has a Shiirp e(igc tha( LIOCSncl[ blend in w](t) ihc p~trerr[ ma[eria].
‘I-hc &harp weld edge appears on [hc :;ldlogr:lpk J: a : 1:21[! lndlc.l!lorl bu! Il:,li 20[ hLi\’c i!
dcnsi~! change on Ihc film (SCC figure 4 ~.
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4. GENERAL REQLJIREMENTS

4.1 Welding process. The electron beam (EB) welding process shall be in accordance with
the reqr.rirements specified in [his standard.

4.2 E13 welding equipment. AJl welding shall be performed on EB welding machines
certified as specified in 5.1.1. The equipment shall be capable of supplying sufficient power to
penelrate the maximum weldable thickness in a single pass.

4.2.1 Focusing target, U r-kss other-wise specified in the welding procedure (see 4.4), the
welding machines shall be equipped wiLh a tungslen beam-focused LargeL. The target shall be
kcpL in good repair.

4.2.2 Calibration. The vollagc and current me(ers 01 welding machines shall be calibraLcd
ii[ a frequency [ha[ will iissure rc.producibi]i[y and (~peralional c~>nsis[cncy of’ the production
U’clds. The contractor shall control Lhc ticcurac) of the rncasurlng and LCSIc.quipmen[ ior tests
spec]ficd herein.

4.3 Materials.

4.3.1 Base material, Alloys and tdloy ct~mbintilions. ]“icdL-(Icd( Lolldiliull, ~illd nlalcr iii)
thickness shall t-w as specified [~n tht applicable drawing.

432 Beam hack-up mnterixl. Unless olherwlsc specified In Lhe welding procedure (SCC
4.4), electron b~iim back-up mill~r]i]l shall be copper or O( the same allf~} :is the material being
Welded.

4.4 W’elding procedures. All welding shall be acc{~mplished using weld procedures as
specified herein. A welding procedure shall be esLablishecl Ior each production weidmg machine
and each weldmen[ prior to weldlng the firs[ prcduc[ion part. The welding procedurt shall bc
certified as specified In S.1.2 and shall be ndhered to in all subscquen[ production weldin~ of
tha[ p:irt. exccpl as provided ill .5.7,4,

4,4.1 Cleaning, All fine scale. film, coatings, plating, cart) uri~a[ion, nonl’used, or n~lnbuund
malerials, oil, grease, contamination, or ma(crials (hai tvill cause difficulty in obtiitning the

desired vacuum or will contiimlnate Lhe weld shall be Iemoved priol” LO ~hc EB WCld IIIg. Tl)c
sur!”ace shall hc inspected ((J iis~urc g[~(~d me[al-lo-rnetal contact,
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Welding.

Tack welds. Temporary (tack) welds shall be
the Ioining materials or if necessary to protect the joint a..
Cieaning ;equiremcnts for temporary welds shall be (he same as for permanent welds.

4.4.3.2 Welding log. A welding log shall be maintained for all welding performed on each
component (see 5.2.4’).

4.4.4 Post-weld thermal trfwtmenf. As soon m prnc[ical after welding, the welded
assembly shall receive the Iollowing thermal treatments. Preheating shall be allowed.

4.4,4.1 Before component heat treatment. Weldmcnls made before component heal

[rcatment shall bc heat trctilcd in accord; incc with the applicable drawing.

4.4.4.2 Alter citmp~ncnt heat treatment. W’c]drncnts rna~ic al’[cr c~)mponcn~ hca[ trci][n]cn[
shall be stress rel}ewci a[ Ihc lrwcs[ int!l:ll Icmpcr]ng lemperat urc ot Ihc welded components.

4.4.5 Workmanship. Welds shall bc ol’ complete pene[rati(>n unless u(hcr-wise specified LIrI
lhc applicable drtiuing. Welds St;all bc clcdrl iiild ircc lrurn sc:iic, LilrL. lorelgn pilrlld~

inclusion, ~)orusi[}, ur)dcrcullir]~. ti~~luvili. dnd disc[)nlir)ui[ics wi[l)ijl [Ilc li]nit> specified in ltibl~
1.

4.4.6 Inspection. .411 WCIA shall bc visuall} inspecled and nondes[ruclivcll inspcclcd lo
ensure compliance with the l“cquircmcnls O( this standard. The conlrac[or sh:ill ensure all

inspection requlrernenls hdw kwn met prior I() Submitting {he welcie.d llcms [t} ~he ct~nlr;iclinl
activity for acceptance (see 5.31.

4.4.7 Repair welds. Unless olhcrwisc specil)cd in the welding procedures (see 4.4), dc(ccls
In the cumplctcd wcldrnents excccdlng ~hu Iimlts of ~;ib!c ! mii~ k rcpa]rcd b> clec[ron beam
w,cldin:, W’here parts are [~riulnall} welded In the hcnt treated conc!l[lf~r., annealing shall no[ k
pcrlornlcd pl Io! LL)wukl Icp:li[.

4.4.7.1 Weld repair prwccdurc. All tcp:iir wldin: Shiill bc in acc(>rdanc~ ullh the ccrtii-lcd
weldln: procedure (see 4.4}.

4.4.7.2 l’I}\[ -weld tre:itrnt’nt. Thu rcl~:i}r utids ,Ind hc’il[ ilfl’c(’1~’d/(ln~+ ~bl<Illrc~’~’l~,clhlil-
~cld thcrm:i] ~rc,itmcnts oi 4.4.4. :i> iippl Ic:Ihlc

4.4.73 Repair welding log. .4 rcp;ilr welding log shall bc mairrtiiincd for all weld rcpalrs
(see 5.2.5).

4.5 E1] w~]ding operators,” AI] w~$ldlny shall bc perl’ormcd h~ EB w~l~iin~ t~p~.riilflrs
~cr(ifi~’~1 ;ii sp~~il’ic[i in < 1.?

used only if impractical m fiilurc-fit
ignment and pre-weld joint spacing.
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Classification

;ubsurface porosity
[see 3.7) -

Surface porosjty

I

I

I
I

MIL-SI’I)-2103(OS)

TABLE 1. Allowable discontinuities in weldments.

.—

Limits of Acceptability

a. Size and Shape Limits. The maximum dimension of
a single void shall not exceed 25 percent of the
average parent material, or 0.025 inch, which-
ever is less. Elongated porosity whose Longest
accumulative dimension
times the width of the
unacceptable .

b. Adjacent Porosity. Vo :
dimension, and greater
minimum of three times

is greater than five
smallest dimension is

ds of 0.015 inch maximum
shall be separated by a
the maximum dimension of

the largest void. Voids that appear overlapp-

ing, touching, or connected when viewed normal
co the weld surface shall be treated as a single
void There shall be no more than 10 voids in
any 1 inch of weld regardless of size.

c. Linear Discontinuities. Three or more voids,
regardless of size, grocped in a line are

unacceptable if the line extends more than 025
inch and the voids occupy more than 50 percer,t

of che line Length.

d Size and Shape Limits The maximum dimension
of a single void shall not exceed 0.025 inch.

Elongated porosity whose Longest accumulative
dimension is greater than three times the width
of the smallest dimension is unacceptable.

e. Adjacent Porosity. Voids of 0,015 inch maximum

dimension, and greater shall be separated by s
minimu~, of three times the maximum dimension of
the largest void, Voids that appear overlapping,

touching, or connected shall be treated as a

single void. There shall be no more than five
voios in any 1 inch of weld regardless of size

I
I

f. Linear Discontinuities. Linear discontinxities I
shall meet the requirements of c above.
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“I_’ABLE 1. Allowable discx]ntinui[ies in wc]dmcn[s - Con[inucd,——-—

Classification

Other indications

I

I I

I

——

Limits ot Acceptability

g

h.

i.

j

k..

m.

n

Any of the following items shall be cause for
rejection:

Incomplete penetration (see 3.2),

Cracks (see 3,3).
1

Underfill (see 3.4). I

Sharp weld edge (see 3.5),
I
I

Sharp-tail porosity (see 3,6). I

Undercut (see 3.9).

Concavity that would reduce thickness below I

minimum requiremen~s of applicable drawLng. I

.-
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S. I) ETAILE1) REQUIREMENTS

5.1 Certification,

5.1.1 EB welding machines. All EB welding machines shall he certified by demonstrations
performed by the contractor 10 verify (hat welding equipment is in satisfactory condition and
lha[ ihe vacuum systems, control function, and power source are operating w“thin the original
design criteria of the machine specifications. The certification procedures shall be prepared as
specified in the contract or order (see 63). This ccrtiftution shall be performed annually.

5.1.2 Welding procedure. Unless otherwise specified on the applicable drawing, welding
procedures shtill be certified by testing representative sample welds taken from a welded part.
The part sh;ill k made using the all~:}. {hickncss, ji>int design, hCiit tICtit C.)ndilion. iind
procedure prescribed for the actual weld. Unless otherwise specified on the applicable drawing,
the part shall be radiographically inspected in accordance with MIL-STD-453 and magnetic
particle inspected in accordance wiih MIL-STD-1949 prior to taking the test coupons and shall
meet lhc acceptance limits spccitied in table 1.

5.1.2.t ‘rest coupons. The tes[ parl, preparccl for welding procedure certification, shall
cont:iin n sufllcienl weld length to provide [he following test coupons:

I:i), l,n,ii~ ,(,~l}xm, irl ,<1. ‘It’,oj4.ji!]lc’L \Ul!l? .’~,~’r’.i? E 5,, C>lLL’~>[ !};::! l!:L ~rl~) >)~~

may Ian al Lhc contractor’s option.

b. onc macro spcc]mcn.

5.1.2.1.1 ‘rensile collpons. Tensile c{lupons, after being he:~l treated [O the applicable
driilving requirements for the ;ic[ua[ weid. shall exhibl~ ultim:ltc ~ensilc. strenpth :Ind viclci
slrcn~[h a: ()..? percenl [>tlsc[ C(]LI:I] 10 or grc:ilcr than lhc mlnlrnurn rcquircrncnls ol lhc

:ippli&ble drawin.r. ,411 tensile tests shall hc pulled perpendicular L(I [hc weld wi[h the weld in
th~ center of the-care length,.-

5.1.2.1.2 Macro specimens. Macro-sect ton specimens, cut [ransverse {c)
weki]ng, shall be polished L() suiloble fjncncss, c[chcd, and examined for full
fusion, macro-dcfccls, :ind weld gcon)ctry.

Lhe direction of
penctr;itk)n aod
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c. ‘l’he l’]rsl pr(ductmn p;lr[ welded in accordance with Ihc welding proceduw
satisfactorily passes 100 percent visu:tl inspection, 100 percm’r[ radiographic
inspection, and 1(KI pcrccnt magnetic particle inspection as specified herein.

5.13 Operators. An EB welding operator, to achieve qualified status and certification,
shall be given training on EB welding machine controls, [he functions and rclalionships, imd
shall demonstrate the required ability by welding the type of test joints to be welded in
production. The joints shall be welded in accordance with the certified and approved welding
procedurtx (see 5.1.2) and shall conform to the quality rcquircmcnts specified in table 1. An
EB welding operator shall be classified as an Electron Beam Welder. Once qualified, an EB
welder may operate any EB welding machine of similar make and for the type joints for which
the welder is qualiki. EB welders need nol be qualified in any manual welding proces

5.12.1 Initial machine settings. The EB welding operator shall demonstrate the ability to
operate the equipmenl by starling on a machine which: {1) the column is out of alignment; (2)
the filament has been removed: and (?) Ihe machine settings are nol sel in accordance with [he
weld procedure.

5.13.2 Welding operator reexamination. An EB welding operator shall require a
recxitmin~tiun iid be requalified in accordance wi[h 5,1.3 if the welder has r-m[ opera[ed EB
equipment on proci[lc[ion or rcsc;+rch ~rrd CJclclopmenl pro; txls l’~~ra conlinunu.s period grca(cr

LhLLIl W dajs.

5.2 Records.

5.2,1 Welding prwxlures. The approved weld proccdurc d:ita, along with macro sec[ions
and photomacrographs, shall t-m mirintained and made aviiilablc (o LI]Cwelding operdtor each
lime parls or plrrts covered by Ihc procedure zrc wckled in production. An) weld prouxlurc
chzinged after initial approval shall require rccer[l[lcallon ii~)pro~iil in acx~~rdanti with ~he
requirements spccil_ied in 5.1.2.

I()
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!3 Beam focus.
h. Speed of travel.
i. Total number of weld repairs including length, location, and number of passes.

5.2.5 Repair welding logs. Repair wc]ding logs shall be maintained as spccificd in 4.4.7.3.
Information contained therein shall include, but not bc limi[cd 10 the following:

a. Weld schedule.
b. Welder identification.

(kmponenl identification and serial number.
;. Location of rework.
e. cause of rework: cracking. porosity, or o[het defecLs.
f. Maximum length, width. and dq-rth [~f each rework grindm[

& Total number of repairs per weld.

5.2.6 Rejection records. Records covering re~ected welds and the corrective action taken
shall be maintained by the contractor.

5.3 Inspection,

Sfi.1 \’isual extiminution. All welded joinls shall Iw ~’lsually examined for con formanw [o
the requirfrnenls 0(” 4.4.5,

53.2 Radiographic inspec[i~)n. Each weld shall hc radiograph icall~’ inspcc[ed In accorduncc
\\ltli hfIL-Sm-453 for con f(]rnlan~r LC) [}le requirements of 4.4.5

5.3.3 Magnetic purticle inspection. All welds shall be inspected in ticcordancc with MI1.-
STD-1949 for conformance to the requirements of 4.4.5.

5.3,4 Prwedure rwifw clue 10 weld rejccti{)n. ~i]ilurc 01” a producli{ln weld 10 mec’1 qual!l\
requirements shall be cause [or rtx]cv, Of the established weld procxxiu]-c. The c~use 01’ LJIC
unsatisfactory welding shall be de[crmincd. If investigation scsults ill an} change to Lhc weld
procedure, the changed weld procedulc shall bc rcccrlificd and approved in accordance wllh
[his standard. If [he unsalisfac[n~ weldlng is f’ound [o be Lhe rcsul[ of faull~ cqulprnenl.
dei’ec[ive ma~er-rals, [}r nonc{>mpliance wl~h the weld proccdurc. corrections shall bc mtidc m
required. Any repair or m(}dification 01’welding cquipmcn[ shall require rcccrlific;ilior] ~nd
;ipproval in ii~c~rd~n~c with th[s slandard.

11
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6. N()”IES

(This section contains inl’ormation of’ a general or explanatory nature that may be helpful.
bu[ is not marrdatory.)

6.1 Intended use. The electron beam welding process covered in this standard is intended
for use in the manufacture of case components of Lhe Standard Missile Mk 104 Dual Thrust
Rocket Motor.

6.2 Issue of DODISS. When this standard is used in acquisition, (he applicable issue ol
the DODISS must be cited in the solicitation (SCC 2.1.1 and 2.2).

63 ~}nside~dti(~n of data requirements. The following data requirements should be
considered when this standard is applied on a contract. The applicable Da[a Item Descriptions
(DID’s) should be reviewed in conjunction wi[h the specific acquisition to ensure Lhat on!)’
essential data are requested/provided and that the DID’s are tailored 10 reflect the requlremen Ls
of the specific acquisition. To ensure c(>rrect contractual application of the data requirements,
a ~ontrac( Data Rcquirt-mcn[s Lis[ (DD Form 1423j II IUS[k prep:ircd [u [)bla]n Lhc da~:i.
except where DOD FAR Supplcm~:n[ ~7475. ] ~xcmrls [he r~(]Lllr~:men[ jor :] I>L) F-orm ]423

Rclercnce para~raph DID Number DID Ti[lc SuKCcsted T;li]{)rlng

Appendix, 10.1. DI-MISC-$W678 Ccrtificati(ln; See tippcndix. 30.1
5.1.1. 5.1.2.2 and Da(a Rcporl 30.2 and ?().?
5.2.3 of basic tcx(

The abo~,e DID was clear-cd as o(’ lhc date 01’ ~h]ss[and:ird.Tbc current issue o! DOD
501tj.12-L. Acquisitl(>n Mfin;iguntun[ SY~~cms ,IIIL! L>:il;j Rcqulrements Conlr~)l Lisi (AMSDL).
must hc rcse;archt; ~i lo L~nsl]r(’ thfil [)ni} l:~lr[t’ni, c]carcd DID’!. are (’Ilui c)nlhc’L)D FtJrm l-1~~

6.4 ‘raiioring guidunce, To ensure proper app]ica[lon of this slandard. invitations (or bid,
rcqucsls for proposals, and contractual sLatemcn!s 0!’ l+ork should [ai]ol the requirements in
sections 4 and 5 of this sl:indarc! lo cxcluclc ~lnv unncccssti~ rcquircmcnls.

6.5 Subject term ( ke} wnrd) listing.

Rockc( h40tor. Dual Thrust, hlk I(J4
S~andarci Missile
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Radiographic appeartinw

FIGURE 5. Sharp- (iiil poros][v.
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Radiographic appearance

m=
Lack of fusion at
edge of weld

Lack of fusion at ccntcr of
weld. Note complete penetration

Radiographic appearance

FIGURE 7. Lack of fusion.

Radiographic appearance

FIGURE 8. Undercut.
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APPENDIX

CERTIFICATION DATA/RIHK)RT

TECIINICAL CONTENT REQUIREMENTS

10. SCOPE

10,1 Scope. This appendix delails the technical content of certification data/reporl covering
[hc contractor’s electron bum wu]ding (EB’) process u)nl[~)l fuI the wuiding L)f r{)ckct IIIOItJI

case cwmporwnts. This appendix is mandatory only when data item descriptiorr D1-MISC-HM78
IS c)ted in the contrac[ or order (see 6.3).

20. APPLICABLE l) OCUMIZNTS

This section is not applicable to this appendix

30.2 \?”elding procedure data. ‘rh~ wcldillg pfoccclurc Llil[ii hl]all inclu~ic lhc I_oiltwing
information as applicable to the weldin~ procedure to be certi!’ied as specified in 5.].2 of this

sland~lrd:

a. Welding machine: mtinulaclurcr, [ypc, and serial number.

b. Settings: arTlpC!i2gC, vollagc. posi[ioncr c)r carria~c speed of Lrtivcl. electron be;irn

tocus scllings, gun pos IIIon. and hcam mode.

h. Repair wcldIng: nlc[h(xi aIld xqucncc.
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i. Heat treatmen L: condition prior (o welding,

j Par[: drawing number and any other data per[inent to [he welding operation

k. Tooling: fiiture description, back-up method, and material.

30.2.1 Weld center Ioeation. A procedu[c s]]ali be it~cluded for re]octiling and aligning welds
for rework of defect areas. The procedure shall be included in {he weld repair procedure. The
method of identifying weld location shall be such ~ha[ no notching or carbon addition is made
to the surfa~.

303 Certificate of compliance. The certific:ile of compliance shall include a statement by the
con~ractor certifying tha[ all parts submlttcd tor accep[ancc bv the contracting activily arc
produced by opcra[orsi equipmcn[. and procedures u.r(il’icdin ;iccurdanccwi[h [hc r~quiremcnls
~~f[his standard.
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