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MfL-STD-981B

FOREWORD

1. This milimry standard is approved fw usc by afl Ekpanmems and Agencies of the fkparlmenl of
Defense.

7-. Beneficial mmmems (rcmmmcndations, additions, delciiona) and any pulinem daIa which may be of
use in improving this document should be addressed 10

Manager, NASA Parts Pmjeci Office
Mail Code 31O.A
NASA/Ckxkfard Space flight Center
Grecnbelt, Maryland 20771

Usc tic seU-addruscd Standardization Document fmpmvemcnt Pmp.xal (DD Form 1426) ap~ring at
the end of this dccumcm or a starxiad busincs lctkr.

3. his slandard is the l.xhnicd baseline for the design. manufacturing, end quality standards Of Cd.stem
ekelmmagnetic devices. The intcnl of lhis slandard is 10 provide uniform rquiremenls for devices Ihal
are used in critical space appfica(iomand m&lOn-esscndal ground quipment. Ilk standard W
rovers devices used in nonuitid flight and non-mission-cssenlial ground support applications.
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1.1

1.2

1.2.1

I

1.2.2

M2L-S3T3-981B

1. SCOPE

.%mpe. This standard establishes Ihe rcquircmcn~ for aoxpmbk design, manufacturing, and quality
control cri[eria for custom clccrromagnaic device+ for space appficalion.s

Cla.s.silicrition.

Families. Table I shows the numerical designations Ihal arc used in lhis standard to indicate various
device types:

TABLE 1. Device types.

.4pplicablc MiMary
Device TyIX Family S@fic3ti0n

Ttamfonner, power 03 MIL-T-27

Inductor, power 04 MfL-T-27

Ttam.former, R.F., fixed 11 M3L-T-55631

Transformer, R.F., variable 12 Mff/T-55631

Coil, R.F., fixed 13 MIL-C-15305

Coil. R.F., variable 14 MILC-15305

Inductor, audio 20 KLT.27

Transformer, audio 21 MILT-27

Tmmformr, pulse, low pnwer 31 MILT-21038

Transformer, ptk., high FOWW 36 MfLT-27

Inductor, charging 37 MILT-27

Tmnsfornm, saumblc 40 MILT-27

Induaor, saturable 41 MfLT-27

coil, R.F. dip, fixed 50 MfL-c-s3446

Coil, R.F. ~ip, variable 51 mcS446

Climes. Two clascs of requirements am dciind in Uds shamkrd. ~ S parts am imcndaf for
uitical flight and mission+?sscndal gmmd suppnrt applicadons and any applicadnn that is aitical LO
MCIY, m B pam m for usc in nmziticaf flight and nm-rnission ~we
applications

1

Downloaded from http://www.everyspec.com



MfL-SITMSIB

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standamk, and handbooks, lle foUowing s~!calions, standamk, and handbcmks
form a parl of this document to lhe cxkm specified herein. Unless othcnvkc specii%d, tic issut.s of
these dccuments are rhosc Iistcd in the i.ssuc of lhc fkpanmenl of Defense Index of Sprxifkations and
Slandards (DODISS) and supplement thereto, tiled in the solicilaticm.

SPECIFfCATIONS

FEDERAL

J-W-1177
00-s-571 :

MILITARY

MIL-T-27

MfL-F. 142.56 -
MfL-C- 15305 -

Mff/T-21038 -
MIL-S-22473 -

MIL-W-22759 -

MfL-T-55631 -

MfL-c-s3446 -

STANDARDS

MfLfTARY

MfL-!3fD-105 -

MIL-SllX2G2 -
MfLSfTM75 -

MfL-STD-12S5 -
MfLSID-45662 -

Wire, Magnet. Elcurical
Solder, Tin AOoy; Tin-1-cad Alloy and Lad Alloy

Tmnsfonners and Induclors (Audio, Power, and High-Power
Pulse), General Sptxifica!ion For.
Flux, Soldering, Liquid (Raiin Balh),
Cnil.s, Fixed and Variable, Radio Frequency, General
Spc.cificalion For.
Tmmsfonmcrs, puke, Low Power, Gmeral SPccificalicm For.
Sealing, Lccking and Reiaining compounds, Single
Canocmcnl. @
Wire, Electric Fluorocarbon fnsulakd, Copper or Copper
ALIOy.
Transfommrs, fmcnnedia!e Frqucncy, Radio Frequen~ and
Disa_iminalor, tied Spccificition For.
Cnil.s, Rxlio Fmqurncy, Chip, Fued or Variable, General
Spccifkaion For.

SamplingPrcadurcs and Tabka for Inspection by
AUribules.
Test Melhork fm Elcarcaic and Ekarkal Compcmml Pam.
Slandad Pans List for flight and Mission E.scrdial Ground
SUP@ Equipment.
Mmiting of Elmrieal and El-c Palls..
Calibralicm System RcquircmcnLs.

(Unle&solhetwise indi~tul, copies of fcdaal ati miliun-y apecihlicm, slandards, and handbooks
arc available from the SmndardizalimYD-em Order Desk, Building 4D, 700 Rcbbins Aveuuq
Philadelphia,. PA 19111-5094.)
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●
2.2 Non.govemment publications. lle foUowiog ctccumems form a part of this dmmmt to the CXIUN

specified herein. Unle.s otherwise specified, the issues of the dncuments which am DoD adcptcd arc
thnse listed in the issue of the DODISS cited in the snlicitalion. Unless othctwise specified, the
issues of documems cot listed in the DODLSS arc lhc ksum of tic dwuments cited in the solkhtion.

AMERICAN SOCIFfW FOR TESTING AND MA~RfAfS (ASTM)

ASTM-E-595 - Stand8rd Te8t Mclhnd for Toml Mass Ims and Colkued Vofadle
Candemwble MaIcrial from Owgassing in a %tamm EMmmrnem.

ASTM-D-2240 - Sland8rd Test McJhcd for Rubber Prnpcny-Dumnucr H8rdnt8s

(Appfi=lion for cOpiCSsbnuld & addressed to Ihe Amcriam Snciety fm Ilsing and
M8tUi81S, 1916 R= Strut, Pbi18delphi~ PA 19103-11S7.)

NATIONAL AERONAU?l~ AND SPAL!! ADM2NfSIRATION (NASA)

NIDl 53@3.4(3A) - Rcquiremcms fnr Snldercd Electrical Comcainns
NHB 53D0.4(3H) - Requirements for Crimping and Wire Wrap

(Non-Gnvcmmcnt sfandwds 8nd olher publicalinns arc norm8Uy 8v8ifabk Oum the
W+fl@iO= that pr’cpm w distribute tie dccumenls . Thc8e documents also may bc
avaihblc in cu through Iibmricx or other informational servias.)

23 Order of precedence. In lhc event of 8 ccmflict between the text of this dnwmc.nt 8nd the refercmx.s
cited herein, (except for asswiacd detail spcdiczdims or specificaicm sheds), the text of this
documcnl 181CCSpmccdcncc. Nothing in this dncumem, hnwcva, supascdcs 8ppIic8ble Imvs 8nd

*

regulations unlc.si a specific exemption ha been nb:aincd.

3
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MfL-SfD-981B

3. DEFlfWflONS

3.1 Del’iniUoIM. ‘h meaning of MITE used in (his smndsrd are in axmdsncc wi(h MfL-T-27,
MlL-C. 15305. MIL-T-21038, MfL.T.55d31 , snd MILC-K3446,

4
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●
4.1

4.2

43.

I 4.4

I 4.5

4.6

4. GENERAL REfXffREMENTS

procurement documenL% Elecsmmagnelic devices shall mea tic rcquimmenls specified herein and
in ihc applicable procurement dacumen! for the individual pan type. in the cvcm of amflics IXwcen
this smmdard acd the pmm’emcm document, the lallti shall gm.’em.

Power transformers, pnwer Inductom, oodfo lnducto~ sudin trmnsformq hfgh power puke
mamronnem, charging Inductom, aatumbfe transfomnem ●d s8turahle Indtiom (fmnlfie$ @3,
04, 20, 21,36,37, 40, and 41, respectively). lTIesc dcvims afd meet lbe applicable requirements of
MfL-T-27 for grade 4 or 5 and cks 0, R. S, V, T, or U devia ad as spccificd herein.

Radio frequency, ffxed and varinbfe transformers @mf2ka 11 ●nd 12, mspectivdy). ThCSC
devices shall mea {he applicable requirements nf MfbT-55631 for gmde 1, class A or B dcviaa and
25 S~diCd herein.

Radio frequency, fixed and variable culls (fandlies 13, 14). These devices shall mccl the applicable
rquiremerxs of MIL-C-15305 for grade 1, clas$ A m B devices md as spazifkd hmin.

Low power pulse transformers (fandly 31). These dcvims shall mea (he appficable fquiremcnls of
MIL-T.2 1038 for grade 4, 5, 6, or 7. claw 0, R, S, T, U, or V dmkxs smd as spccikd hrxcin.

Radio frequency, chip, ffxed and variable CUILS(famffka 50 and 51, mspectfvdy). These devices
shall meet lhe appliabk rcquircmcms of M2L-C-83446 and as spccifkd herein.

5
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M2fX1-O-581B

5. DETAILED REQfJfREMENl_S

I

I

I

5.1

5.1.1

5.1.2

5.13

I 5.1.4

I 5.1.4.1

S.1.4.2

5.1.43

S.ls

S.1.6

Materials,

Outga.ssing. Materisls used in nonbumctic scaled dcvicts for spxfligbl applimlion must nol
cxuxd a maximum IOM mass lass (T?4L) of 1.0 percent and a maximum cmlkcicd volslik
condensable matcrisl (CVCM) of 0.1 pcram when tcxkd in acmrdsm with .ASfM-E-595.

Ilydrulytk stability. Hydrolytic stability of any plymeric malerisls used must be verified by lest
dala. In (be absence of bard alma,sampkxof any pnlymwk material msd shall bs cast into blocks
approximately 2 inches square by 1/2 in~ thick ‘fbe shore hardness @ bs mmsumd in scmrdancx
with ASl_Nf.D.2240. The samples sbafl be expsed to sn slmctsphcre of 71” C, 95 pcrmnl relative
humidity for 1,000 bmus. ‘I%csbm’xbsrdnes shall again bs mcawrtxl md the samples Cx8ndrsCdfcr
liquid reversion. Materials sbalf sbnw no visl%le revemim to tie liquid stale and any dcn’msc in
hardness sbsU not excccd 30 perccm.

Tapes, tlfms nnd inwdsting material% Insulating matuisls or mmbinatitms of iosulsting Malctiak
shall have a minimum RMS dielmtric strength of m 1-1 twim tbc maximum peak opuadng voltage
to be indumd bstw’r.m mil winding layc~ or Iwict the RMS diekctrk witimoding vollage to be
aPPii~ ~Ww the mil winding and ground, or twice lbc dielxclrk wilbslanding voltage to be
appkd bcW~ the mil winding and otbu coil windings to bs insulmed from it. l%cse nx@rements
shall be met m the maximum opuating Iempa-awrs. Devicrs wilb mamkds stressed grmler than 100
volts/m il due m lhe maximum opsradng voltage shall be lcstxd fcr mrms discbsrge in s=xordance
with MfL-T.27.

Wire.

Magnet wire. Magna wbx sJ’Iallconform to snd bx of the Iypes and sizes specified in J-W-1177 snd
7

shall be of the appropriate class for the maximum lcm~lum wilhin lbe winding. Magnet wire U@
fcx mil winding sbsU cmfonn to lbe size limiLsof Tsblc 11M absolute limils. Tempuaturc rise Iimi!s
must slsn be o&wed in sdccting wire sizes. Pmcmring activity approval sbalf be rsquircd when
other Iypcs and sizes of magna wire am used.

Insulated wire Wbm imulakd wb-s is used as wire tennina!s, uss wbe sbalf bs of tJe types snd
sires covered in MfLW-22759. Wire sim sbidl amform to IM limits of Table f21.Promring aaivily
approwl shalf bc. rquired when Uhcf types and sims of insulated wire arc usxd as Icrminsls.

Termbxatkm Umilntiorn. fntcmal wire kads sbalf bs stlacbxd m I& adk and * intcmisl
mmponcms and tuminak or cass by xdduing (me 5.5.10), welding, bmzing, Uimping m other
mclfmd (e.g., lead-sweating of nykm.camcd wires) in such a mannrr as to pmvid.e adequate electrical
onmcuion and mtid mnmgtb. WtICrr.son rnktrx k used ISIpmwkk the ekuricsl cumraim,
wbslmds sbaUbesndmrOd mccbmkaU y. Wireskcs sbsUmafcmn tnthelimitsof Tabls IfL
Terminations s.bdl be Sti 11181akqusls _ ISlief is pmvidcd fur M l-. ~g &tivity
a_l Sbafl be required when atlm tmninatkus m-cused.

SOkicrmd sdderlmgllux. Snkkx,wknmed,s baflbsinmxxdmu Wilb QO-S-571 , Cxcq)l Ibsl
Puretin sbrdfnm beuscd. .soldetigflux sballb sinamxdsnm wilb M.fLF-142% typs R for ckass
Ssndt~R or RMAfcf&ss B.

-s, mm, and weslm-s. AU mounting snd taminsl scfcws, ❑un, md washas shall be pmlcUc4
against corrmsinn. Cadmium or Zinc plming sbaff 00! be A on my surfacx cxpcd 10spare

e
J

6
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MIlx3TD-9S1B

environment. Tin plating shall be fused if such plating is used externally. All materials shall be
mmpaliblc and not sup~rl galVaIIiCmrrmion.

Internal ●lements. Packaged or unpackaged park (othrx than the wnund magnclic elements) used
wilhin Ihcse dcviczs shall bc scl.xacd from MJL-SID-975. Pam aelcclcd ahaU be of the aamc class as
the dcvicc in which lhey arc used. Use of any olhcf parl shall require approval of (he p-rig
ac[ivity. The rcquc51 for approval must justify the need for the part and provide suflkicnl data 10
subsiamia!e Ihc suitability of the part in the application. PrWuremem documentation for lhe pafi shall
be submiucd 10 lhc procuring activity for appmvaL

TABLE IL Wire Omltat.inm for magntt wke (ace 5.1.4.1).

I Minimum wire size
(AWG) (1)

Family I Cla5ss I Class B I

03, 04, 36, 37, 40, and 41 38 44

11, 12. 13, 14.20, 21, 31, 50. and 51 44 50

(1) Procuring aclivily approval shall be required when otier sizca of magnc4 wire me USUI.

TABLE Ifl. Tcrminatian Iimltatbrs (see 5.1.43).

~

(1) Spli@ imaual lead dimnctrr ratios abao not exceed 5 In 1 for magnu wire S@S
larger tban#44.

7
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5s

5s.1

5.52

5s3

5s.4

5S.6

5s.7

55A

5s.9

5s.9.1

MfL-STO-S%l B

Manufacturing practica. l%e czmuaciw shall provide 10 lhc procuring activily for r’cvicwand
approval a ~y Of the mntrmlor’s written prmxdurcs revering manufacmuing pwticu, Proprietary ●)

dccumcnrs shall be reviewed, approved, and maintained at the marmfacturw’s facility. ‘lYmse
pmccdurcs shall, as a minimum, conform m the rcquiremenrs sp”fied herein. Any chmgc from the
appmvcd pmxedurcs shall ru+uirc appvaf of lhe prmcm’ingactivity in writing. The .mmwtor may, m
his option, provide scpamie sets of pmadums for classes S and B.

Clean handling. Opmlom shall have clan hands (frcz from hamlca’cam,CIC) while handling lh-
dcviccs. The w of cl.%m,Iim-free gloves or finger WI is rtxommcndcd whenever pmdical. Magnet
wim spools shall be handled by We rims of lhc spmls only. Materials and p- @s Nod, or being
transferred 10or bmwc.m work stations shaU be kept in covered cmuainas to maintain a dusl-free
Sml.

Work m-ems. Wcrk and inspccdon arms must be cleared of SU foreign malaials bcfm’e pa~ or
materia!s for k-se dcvifxs arc plsmd thcrccm. Wtdie waking on rhcse dm’icxs, the work smas sbaU
not be used to store my parts, materials, or devims used on any otlm dticcs.

Fm-elgrr material. tire must be exw5.scd IOprevent immduction of foreign mmerirds inlo the
component. A! each in+xccms impion, the operator shaU examim lbc dwi= under 3X 10 10x
magni fication to assure rbat no foreign makcials arc prcscm. Special altcndon should be given Lo
lmsc wire-ends, soldw spladx.s, wire scrapings, or residues.

Tads. Exapl for aming pliers, the tools used shall not be capsblc of CuUing,nidcing, or damaging
tie wire imulalion in any manner. AU tools used in the handling of magnet wirt shall be fret of
sharp or rcugh surfaas or edges. ‘fhk may bc accomplished by the application of an epoxy or by
fiiing sny of tic sharp surfams m edges.

Carriers. Wound mres, roils or bobbins sbaU not be carried or stored on pcgbmrds with roils or @
other sharp pegs Ihal may cause damage to wire or imulstion. AU sharp or akmasivcpegs shall be
sufficimUy mvacd to insure agaiml damaging wire. Thc has shsll be covered with a material
that wiU prevent ataminmion by forciga materials during lmnspon and Stomge.

Damaged material. Mmuial lba mhibils evidmcc of dsnmge shall ❑ot be used in lhe fabrication of
Ihc dcviccs.

Travefem. A 10I traveler specifying each qcration in lhc pmfxz scqucmx shall be provided wilb
each W Initialing or slam ping of the individual lravekr by the opcralcr w impcuor @or 10moving
to the next work slmion aball be requited for each opcrsticm in the mmufacluring pmass.

In-procs.s Inspection. AU did in-pmxs apa-atiom * in the manufmauriog of UKsc ~
W bt fi~d by 811+Uiddy ~illCd illSpCCW.~ prccludeimpdom$ sflcrole
p- is cornplcm, the iospuiion shall occur during the p’ucess. - impsdon S15icm SbaU&
as defied in the manufacturing pmass.

Colk whfings.

Tmsion. A suitable dcvia shall be used 10 fnwidc near uniform tcmim during lhc maddne
winding process of any mif of wire sim ❑umber 18 AWG m finer. Fa wits wound m ?+m farm%
special ptiim must be made to prevent exmssivc kminn m b mrnrm. Illi?, ckv-kearlrftbc
winding macbine uscdsbal lbcirqxctai forp’tqer cqcmtkmambdmum Ofnviczdailyormmcb
lot wbicbcvw k more frequent. Temim control on larga wire is prefamd but M!4mandstory. W
machi- whiti mma acmmmodale any tension device, olhcr titer-b drafl be cstsblisbaf. Any

o
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!0
5.S.9.2

SS.93

5.5.9.4

5.5.9.5

5.5.9.6

5.5.9.7

5.s.93

5.5.9.9

5.5.9.10

5.5.9.11

ponion of the device whk’h amaas thc magXl WiR (PUMYS,slititSS etc) ml ~ f~ Of nib,
burn. rcmgh spcas, or my olbcr anomalies h! could cause damage to the mil wire.

Wire breaks. ‘flex shall be no wire brinks for any winding wilhm the roil. ‘k winding operation
can be umaidemd complcm on}y when Ihc mil has ban made wilh an unbroksn winding. Should the
magnel wire break during winding opaatiom, the magncl wim may be unwound and rewound. fn no
case may a broken coil wim be re~irrd. If magnet wire opens afrcs -mbly, the crxirc devicz ahafl
be rcjumxi. 7?mse devi= th81arc dcsigrmd as mul!i-acrica cmrmacd windings arc ❑ot 10be
identified as wire breaks wiIhin the definition of lbk paragmph.

Crstsxd wires. Winding shall bs cvm and amcolh. fn insulation interleaved layer-wound mifa, no
uninsulated turns shall m over orha turns. In loroidal aod cylindricrd m random wound bobbin
mi!s wound b! segments, them shall bs no uninsulated crossover of any one turn to the adjml
winding segmem. AU Silualions where (he voltage strs exOxls the abifby of OX magnet wire
tiula[io” 10widr.qand it shafl be m’oi~.

Kink, nicks, and damaged insulation. The winding proms dmlf noi introduce any kiti, nicks..
and irrsulalion damage.

Tapes TIIe w of prc&mu_ssensitive adhesive Mpm aball be kept to a minimum. llre adhesive
syslcm must meet the outgassing rcquircmmu of 5.1.1.

Tm-rnbratkrrs ‘llc runmmendcd mclhod to acdor llre lead is shown. Thc lead anchor should bc
performed with minimum uss of lapt wmp 10 keep Urcoulgassing low. See 5.5.93.

Magnet win to terminal pmt mmsxctiorrs. Rsmmmardcd magnet wire (wire or cuif) 10 terminal
pmt mmc.uions ars dcpicscd in figures 3a-h, j, k, m, n, aod p. For high voltage, mrona-fm
mnnccdona. no pnxrudingwires am alfowcd andbalking of the joint is r’cmmmmdcd. Care abalf be
exercised whcmusing the tit shrink tubing to awid the mncznlmlim of bcal m ktmaoldcrcd jobN.
Hat shall be mntrolfcd in accordance with the tube manufmurc$’s atmcd remmmcadcd conditions.

Arrtirotntion fxatux%. Each tcmrirrrd lead sbafl be intwnafly mmtructal aa ifluaumcd on figure 4 or
equivalent. Flmmsd or dimpled am tbickn= abalf bs no Iris than CXIC-halfthe lxad diameter aad
shall not exhibil sharp edges. The radius, R, ahalf be no grxater OxaoWC% or fess than one limes tbe
diameter of (he lunxinrd lead. TIIia mdius sbalf lx formed @or to soldering. ‘flIs ardirwtrdion fdum
shaff bs cmmpldely ssmained witim the magnaic dcvicz package.

Txrmitxal twist. Fmiabcd rkcvias wbb aofid wim txrnrioafa shafl be capable of passing the tssminaf
hvisf w in aaudarxz with method 211, tmI rxroditim D of fKfL!H1l-ZtT2 without musing
diaarntinuily in Usewinding. Wlsm Ibc bending of tbs terminal M@ m -d in WSID-z
k imfxadical, the devfcc droll bs held srmiaaary. llx lead abafI be clampsd in a bmrd druck and Oxe
cimckrotated asmqubcd. During tbshvist test, rbcwindbrg sbalkbcmadtcxcd for cqxsndrssdiof
lm micrmxsmd5 or larger dumtion.

Torokdml wlndcm. Shullle rings md alidcm must be hpccscd for nick% bmm ad KM@ afxls.
Irspsu [he Ks’oid for physical damage allxr msrrm-affmrr the ahuttk

Ds-reeling. h-reeling (dr+mling) dcvias abrdf bs such tbm they do ❑ot @use variahm in
tension beyond lha mmml of the tmaioo device (SSC53.9.1). AU pcx’thm of the &via which
OJnMd ltxcmagnsI wire (pufky$ slicks% spool flangq W) abaff be fru of nit@ bun%xmdrurgh
spna.

9
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anchor

)

Nota: The recommended method to anchor tha lead la
ahown. The Iaad anchor should bs psrlormad
with minimum uae of tapa wrap to keep the
outgasslng low.

I

I
I

FIGURE 1. Rccwnmei&cl bobbin cull Lm-mina;ion encborlng (~ S.S.9.6).

10
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‘o,,
‘r

Insulated external lead

Lead set t

Id be

Lead anchor and patch
over adder Joint

7

Dafall of solder johtf
taping

* “

Note: ma mconrmendsd method to anchor the lead Is
ahowrr. Tfra lead anchor should be performed
wtfh mlnlmum use of tape wrap to keep the
oufgssslng low.

FIGURE 2. A reoxnmemled toroidaf all tarmlnethxt (eee S5.96).
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,/

(a) Not acceptable (b) Prefermrd (c) Acceptable
(ovarlapplng) (Secure, evenly (secure wraps)

spaced wrepa)

NOTE: Thera shall be a mlnlmum 01 three (3) full wraps of wire on
each lead tennlnal. Wlrea shall be mechanically eacured
prior to solderlng. In no case ahali wlree be overlapped
onto aach othar.

‘t’’jk(.1 Inch

Strese-rellet wrap

(d) Acceptable

NOTE : For magnet wires of AWG number 42 and smaller, four (4)
~Ps evenlY dletrlbuted on terminal lead over o. I Inch
length maximum, with etr??.ee rallel wraps not counmcf, are
acceptebla.

FIGURE 3(1 of 4). Rxcommxrrrkd magrwt wire-to-post terminetiom (see S.2.9.7).

12
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I

Lead patch, above
and below lead

Lead
Magnet

/

wire

T&

—
Solder joint connection

= should be flat

~~ -

11/ ,

T- ~ Lead anchor
Insulation margin

TSPS

&

rMegnet
wire

\\ ~~< winding

*

0,
1.

/—— Lead
I

Patch over
wlndlng

(f) Lead anchor

esremallesd

(magnet wire to estemsl Iesd)

Magnet Wfre atress

(g) Esfernat lead to
msgnet MIS John

FIGURE 3 (2 of 4). Rscommemfrd magner wlrdo-pml krmhWIoca (see 5.5.9.7).
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er coil

f iad

(h)

Shrink tubing
(see 5.5.9.7) 7

(J)

FIGURE 3 (3 of 4j. Recmnmemkd magnel wire-to-pmst wnnlnntlom (see 5.5.9.7).
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Excess wire —

F

(k) Not acceptable

Looes wraps In

L

solder joint

1’ Excess solder
. . due to Iooae wraps

(m) Not acceptable

Note: There shall be no evidence ot wire “plgtalls” protruding
more than 2 wire diameters from a wrapped tannlrtal, nor
shall there be loose wreps secured by excess solder.

(n) Sleevlng - acceptable on
AWG 18 or smaller diameter

@) ‘Third wire”- acceptable on AWG
30 or smaller diameter wire. Third wire

wire. crimp necessary. must be unlnauletsd.

Note: Other acceptable tennlnstlon methods attell exhlblt
adequate mschanlcel strength prtor to sotdering.

FfGURE 3 (4 of 4). I&mmmemkd megnet wire-to-pmt termirietiom (sea S.S.9.?).

1s
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Z-bsnd

RSdiUS (R) Of bsti

FIGURE 4. Antimtatkm feamres (~ SS.9S).
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o S5.1O soldering. Soldering and pmpamnion for soldering shall amform 10 NHB 5300.4(3A). Use of any
‘. otier soldering standard in Iicu of or in addition 10NHB S300.4(3A) shaU require the approval of the

I procuring 8ctivity.

5s.11 Soldering equipment and took. Shall conform to NHB SWO.4(3A). Use of any oo’tti soldering
Wmdard in lieu of or in addilion 10 NHB 5300.4(3A) shalf require tie approval of the procuring
activity.

5s.12 Prcpot visual inspection.

5S.12.1 Examination. The device cxamimtion shall include. but nm be limited m, impulicm fm
mnfcn-mancc to lhe .xmstrucdon snd workmsmship criteria apaifiu! Mow.

I S5.12.2 SuMcr joints. All aoldcr jokm shaU be well formed and pmitiontd and shall not show any of k
following cim_actfidc5 when inspected under 3X to 10X tnagnif-ion:

1 a. Sharp solder joints (tips, peaks).

1 b. Excxs.$ivcsolder which obso.ma the mnncction rmnfiguration, exmpt mnnc.clicms of AWG
38 or smaller magnet wire.

c. Swelling of stranded leads due to exmssive wicking.

d. fxase wire (exczpt stress relief wraps), lads and core banda (if applkabk)

c. Foreign or e?xmncma material embedded in lhe solder.

f. Fmcturcs, cracks, or pinholes.

1 g. Bare conductor or dcwetdng within tic soldm joint sm.a.

II. PrWuaion of lhc bare wire end of strand OUIof aolda joint.
I
I i. Necking down of the magnet wire at the joint.

I j. Pitting or voids in mmna free baU omnectioms.

S.S.123 bad wires. bad wires shall have ~ relief of al W IIX’CCtimes the insulated wim diameter
whenever praaical. Strc.ss relkf Imps slmll not iotcrfa’r. will! * CQKIdW @hs. FOl Elly bred,
Ihemdios oflhcbend shallnub cl- ~lbI’cc tiMCSlbCk@81Cd W’bCdktIIdCJ. fOdditiO%OIC
magnelwirc ahaUakohawadcquate almssrdkfa it.hasoidefj oinkandahrdl baancbomd to ox coil.
A dcviu, lhm displays a sharp bend of any lmd wire (edid or atmndcd) at he aukk!r joim. or peeling
out hum Ibc solder ftit, shall tc rejcucd, even if k =1* jtit ~ Ilppaaatobawcu
fumed.

I

I 5S.12.4 CoUa. Cuik nf “C’ cores and Iaminatims abaU be _ eitkr cm bubbim or arc tubes of
appropiale material size.

I
I 55.123 cromover of huna. l-hem Sfmllbe no Unimsulatd cfmSKwa Ofaoycastmnfnaoycm Iayauf

fnsuIat03 intcrkmd fayer-wamd coils, our acssmcr tO IhS 8dXi WiDdiORS+71K41tOf tU1’OidSl~
cyliidricd roils wound in segments.

17
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5.S.12.6

5.S.12.7

5.s.12.8

55.12-8.1

5S.12.9

5.5.13

55.13.1

55.132

35.133

Splices. ‘here shalf be no splicing of magna wires of the. mmc winding or lead wires of Ihc same ●
size. ‘fle solder rnnncction of !he magnet wires bclwccn windings or series Cmneciion of dcsigmd

.

mulii-wound series windings or to the Ir.ad wire shalf not hc regarded as a splice within lhc definition
of this scclion.

ExirsneatM material. Them shall be MI cvidcncc of extrarecsx+ material:

a. In Ihc path of leakage currents, such ax lcrminal-lo4cmninaL lenninal-to-acjacmt winding,
Wminal-lo metallic case, and winding-lo-core. (.% Figure 7.)

b. In coil margins. in layer-lo-layer or windinglo-winding insulation. (See Figure 1la.)

Corcx.

a. faminaled mres (“C” rnru, faminatiom, etc) shafl not show excessive distortion,
midignmem of pole faces, foreign material, or excca.sive spacing in the gap. Iome or hem
laminations. or any other anomaly.

b. Ferrite and powder cores shall be free of cracks and chips. Chip-outs, as a rcxull of
manufacturing. smaller than 0.02 inch in the fsrgcst dimension OMIdo not reduce the crass
Wclion of the magnetic path by more lban 5 percem shall be amplable.

c. AU molypmnalloy powder cores (MPP) shall be cma~cdby ph.molic resin or epxy
impr’cgnalion 10provide a minimum breakdown of 500 V rms.

d. Toroidal cores crwascd in swled prdcx.live boxes shall show no evidencs of damage or
defect that may allow leakage of Ihe damping medium m immduclion of foreign malerial.

9

Protective costing. when pcmible ferrite and powdm toruidal mrcs shsll be of epoxy or parylmc
coated type or shaU be lapc wrapped prior 10winding. Wire shalf be fxolccted from pzssible abrasion
in arms of contaci wilh mm.

Rejection criteria. Bevicts which fsil 10meet one or more of Ihe rcquircmenta spccil%d shafl be
removed from the 10Iand shall not be shipped.

Impregnation and ptting.

Drying. Prior 10 impregnation ad potting. SU&vias shall & dried m su~lcicnt tempuatures and
for a suftlcienl Icngtb of lime 10 remove &dfmoisture and 10 cure aU mp6. ~e vacuum drying of
dcvias is p-cfm’cd. The dcvi~ shall be impregnated within 20 mimdea alla being removed from
the drying oven or vacuum chamber. If this K impmclkal, the dcvics SIMUbe atorcd in omlroffcd
dry mmmpbcre. If the devics were expmed to a relmivc humidity in exmss of 30 pa’cmt for 341
mimnes or more, they sbaff be redrie.1 at suffkiem tunpemturc and for a sufficient Iemgtbof time 10
runovc all moislure

Impmgnatkm. Each *CC abu be imptgnatal in an appfxiate cbsmkcr to 8ssufc Owcugb,
void-free impregnation “when piaclicd”.

thiII& ‘he am sdxchrk xhafl bc sufi%irml to sw the tiplde cure of UK impl’cgrlaticmd
patting onnpc%md thruugboul the device. fmpmgnatim, padng and bonding msterisla ahaU be cured
in acmrdanm wi!h manufaaurcrs rccommendaticms or prducl bulletin.

9
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5.5.13.4

5.5.13.5

5.5.13.6

5s.13.7

55.13.7.1

MfL-SfD-9Sl B

Preparation of cups or molds. Cup w molds *U be prepared for p3uing or impregnation as
follows:

a. Clean plastic or metal cup with advents tit will not amtribute to the degradation of tbe
pam such as commercial gmdca of Sopropyl alcuboL ncuc% stOMard ~~nL
1,1,1-trichlorcetbarre, m qrrivalcol. Plastic cups sirall he sandblasted or otherwise elchcd on
k inside surface 10assure good adhesion of the resin cuqrnund to tbe cups.

N0773: Cleaned inner surface-s shall not be touticd with bare bands or
fingcti and cups or molds shall be stored in sudr a reamer as to preclude atmnsphuic
mrramirration.

b. Wipe molds with lbe same aolvcms, or quivalcnl, for removal of vislblc dust, dirt, and Uba
undmirnble maua.

c. Final rinse cups rind molds with the same solvarl @ in b. abnvc.

Impregnating rrnd potting mmpmurck. All impregnating and pouing mmpoti ❑usl be degassX.
Pot MC of malcrials shall be mntrolkd and shall Lwin =rdarrcc wilh ❑ amrfaaurcr’s
-mendmioms. In addition, all ping materials shall bc dated for expiration of *cM life, and shall
not be used afux lhis dam.

Eq.ipmenl. Vao.mm cbamba andothrx q.ipmcm shalf have adequate automatic wrrtrola and shsU
be capable nf mainminirrg the rquircd prrs.sure and lempcraurm for the lime period s+dfied by the
appti~blc s~fi=tion or sow cmnrcd dmwing or by lbe prwfuct bulletin of the mm~und
manufaclurw. The inside of Ihc chamber, chamber lid wI, r’sin containers and devim holding
fixtures shall be mainmincd free of dirt and olbu foreign rnaterisk that may brbibit ~ opwation
of the quipmcnl.

Voids. UniE shall be potted or encapdmd in suti a manner as 10.prevrnl voids, bubbles, and
cracks.

ln!ernal voids. ‘fhcre shall be no intend voida greater than 0.015 inch in lhc Isrg& dinrrarsion
located within 0.@35inch of any wnduaor, solti-pint, or lmninaL W totaf volume sll voiq and
the volume of any me void sbsll nol cxcccd 10 and 5 pcrccnt rcspcdivcly of the total volume of
encqmrlant within the dcvim, and sbslf in no way jqardize tbc mcdIsrrical m furraimsl integrity of
the device.

5-S.13.7.2 Surfaa voi~ and &p-ions. Surface voids and dqmsiom shall nnt redum tbc Udck%s of tbc
covering over intunsd pans 10 16s Umn what 6 abown in F-8.

53.13.7.3 Extnrnenus materfal. Care shalf be laken to cimarmUmlexmnmus nralcrinl iamltirltruducd during
the potting p-.

S.6 Quality ass— pruvfslorls. Quality srsncc prwvisfm Sbalf be in Komdana Wftb the
follnwing pragmphs. Test and inspcaitm mabois and &tctia aball be m ~ with fvfWT-27,
MIL-C-15305, MTL-T-21038, ftffL-T-55d31 or MfLC-S3446 as applicable, urdrss Mrmvise
specified.

5.6.1 Prodtimssrr-~. Awsunmcs ~~k-wbyb~lo
mcel the rquimmcnta of appendix A. l%c OXWK%Orwdnairl prmuingmy-oftbc
pmdua sss.rarnx pmgmnr in &xmdsrm witha~ndix AApprwal sbtdlinclud capcrrfuasrrd
quslily audit by the prmcming wlitily or their drsignatmf reprcwntstivc. This audit will crm’er

19
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verification of tie impkmmnalion of me pmdua msumrnz pmgmm, con formarm of design standard
e

and manufacturing wchniqucs of the requirements of this document snd lest and in.spcuion ./

5.6.1.1 Documentation. Documems shafl be maimaim% in acoxdancc with apfmdix A. which specify
mawia!s. calibmtion techniques. prmusing, (UI and mcawemcms mmrcda and procedures. ‘flue
documents shaff rover all pmas.s step to be Cnnlmlful. l%e documentation ahafl be awi!able to !be
opmming pmsmmel al afl times. h shall be made available 10 the procuring agency for the purpmc of
verifying iw existme, cnvcrage, implanentation and adquacy.

S.6.1.1.1 f-at COntld.

5.6.1.1.1.1 Cfass B, A lot mmml shaU be used for each lot. me lot mnuul shalf include as a minimum: lot
idcrnifiealion, op?mtion. quantity, dale of oplion, and 0pa8tor identification.

5.6.1 .1.1.2 Cfass S. LOI mmml for class S devices shall be rwuimd for each M &.siEn. & a minimum
reaubemau. the 10: cnnwol shall constrain the in.mxaion lot to mns~l of a sim?le van number-.
reprcseming one design and prmesscd as a single 10IUuuugh all marmfrnuring steps on the same
quipmem 10 Ike same product assurarm progmm aml procunmmnt dccument and idcndfied with the
same date and lcd code designmion, In addilion. the lot ahalk confam m lhc foffowing

a. Each element, such as cores. magnet wirq fmishcd cases, wire lugs and terminals, potting or
molding mmpound used in the manufacture of the pan shaft kc from a single lot and
tmaable 10 tie Iol.

5.6.1.1.2

5.6.2

5.6.2.1

b. Solder for e$ch appliczlion shall be of a uniform campmilion and Iraccable 10 the source.

c. In general, all single pmess opaations shafl not be changed during pmassing of the 10I.

d. A 10I identifying number shall be assigned al lhe lime lhc 10I ia assembled. This unique 10I
identifying number shaff be mainlined lhmugh acaptmxe and shall be uaceablc 10 the
pmduaion Iol and to lhe 101dale code.

e. ‘f%emanufacturer ahafl maintain tmbilily and teaI retards for a mtiimum of 10 ycan on
each lot dale code. The mamrfacunw shsff remrd when in-proms cmtrok and qtrafily
mnformance inspections start and whm they have ban mmpfcled.

f. AU requirements specified in 5.6.1.1.1. I.

Proass control charm. Pmcc.ss control chm%sshall be ❑aintained during msnufauure. The cbmla
shaff remain information such S. puccsz+slep, 10I rmmba amlku dale, ~cm limits and aheolute
limis, aml range. Wlwm absolute fimita am exaedcd, the manufaauru shalf dommctm the eorreuive
action Iakcn.

lncanlng knqxdon. Methods and pmadurs which are IL@ to control impecdo~ WE&, and
handfing of incoming materials shall be docunmmaf. Remrrls shall be provided whidI verify tlmt
materkds used h Pmdtiion mm the rqdrememi of the manufauumr’s a@&3d0m and of lhe
gcmtal and detail speci~. Aa a ❑ inimum the following items ahaff be covered.

MngnM wire: Magnei wire USA in the design and mnatrKU “mloff-mla apuifiedinaaxudma With
thii slandard ahaff mcu the following requirements

9
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S.62.2

5.63

5.6.4

5.6.s

MIL-SID981B

a. Verification from the magnet wire supplier that the groups A B and C inspections of
J-W-1 177 have been performed for the class and type of magnet wire &ing used.

b. Each SP1 of magma wire prior to being used shall be Wbjcclcd 10 the following tests of
J-W-1177:

(1) Dielectric test.

(2) Visual and dimensional examination,

(3) Check of bare wire size of lhe magnet wire by ark rsialancs mcasurcrnent.

c. Provision shall be made 10procure snd utib magnet wire not oldm thsn two yam from
the dste of ils manufacture. f3ch spool of wire exceeding tk two year life 5ha21be
subjeaed 10 evaluation 10verify its pcrfonnarm. &d pxforman= evaluation shalf be valid
for a pmicd of one year. Wim older !han live years from the dste of ita manufacom shall
nd be used. Wire shall pass the following evaluation lcsts in acardana wilb J-W-1177:

(1) Visual and dimension

(2) Adhesion and flexibility including mandrel Icsl

(3) Elongation

(4) Springback

(5) DWV al rskd temperature

(6) B.xd (rumngular wim cmly)

(7) Heat shock

cl. Magnel wire shall be stool in prottiive resealable amtainers to _ against dust.

c. Magncl wire shall be stofed in a clan contmfkd emvimmmen~st a tanpanNre of +2S”C
(*r C), a Pure of no 1=s man one Stmdard Atmosphere, and a relative humidity of
buwccn 30 and 70 pcmnt.

hyer Insubtb.. Dielectric stmagth tersife atrmgth, vofume maialivity and fbxibility.

Cdfbcmtion. CalibtatiOn shall k in aaudanm Wilb MffAJD4S&i2.

Cbaiflmlbn 0[ Imspuifons. The impccdom spscifbd bm.in arc d855iWJ a5 fO-

a. Matrrhla imspeclion.

b. FEt article inapcaion.

c CJuOlityClmfammnce inapdon.

Materkda l~m. Matmiak ir!sp@ion shall be m sptxificd in MT-27, M3L-C-15305,
MJbT-21038, MILT-55631 m MJLC-83446 ts a@icablc.
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5.6.6

5.6.7

S.6.7.1

S.6.7.1.1

5.6.7.1.2

S.6.7.2

5.6.72,1

5.6.72.2

5.6.7>

5.6.73.1

5.6.73.2

5.6.7A

5.6.7.4.1

Mf2/STf2-9SlB

FM artick impcctkor. Fust ardck impscdon afrall bs performed in fisu of the qualifirmim
fiptdiml Sp.Cifid in MIL-T-27, ML-C-15305, cmMWT-55631 as appfitable. Rcquimmmws
pmairdng 10 f%w Article inspection ahaff be os apdfied irr M2bT-27, MfLC-15305, or
fMfL-T-55631. OualifkatiOn inspccrinn ~fifd tmdez MfL-T-21~ and ML-C-83446 Std save as

Fmt tiiclc inspcainn rcquirmrcma and abaf2be frafnrmsd fnr ths applicable pan lype under
M2L-T-21038 or MfL-C-83446. FmI Arlick approval k valid only on the commd under which il k
grarasd, unless extended by @ govamncni 10 amthcr cnntma.

QUlllty cnsrrO— krapedon.

fsqectinn nf producS for skfhry.

Cless S &vim. ImycdOn of pMdWl fnr delivery draff CUrSiSt.of & applicable gl’OllpA WU=liIIg
I- in appendix B md k @icablc grmcp B Issts (- tiles fV Urmugh W). Sample sizs for
@Up B lc51ashall be m SpSCi6Cdunti lbc SaMpfillg pfaO (W 5.6.7.4.1).

Class B devices. Inspaxion of prndua fa delivery shall camskr of b applicable grmrp A acreming
ems in appendix B.

fmfredlon lot.

Cfns B. An impsaion lnl shall include OXllpklc]y assembled deviaa of the same W+
omsmrmion, cfass, family, and elccirkal dmacsefissfc% M@faUWd X ~n~Y lbe -e
mndilinm and having similar comuuclinn and makrials. (Similar mnstruaion and materials shaf2 be
u.nawucd to include differences lhm wiff not affca 1ss1resuhs.) sample unils sbalf bean sekckd as
to be, as far as praaicable, reprcammive of the volt-ampere range of ekclrical valusa and physical
dimm%iorn included in tbs 10L

C& S. An inspection lot shall ccmist of mmpldely assembled dcvios of a single grade,
crmsh’rxlion, cfas, fhmi]y, and pm numb frunr one promrmrcnt dOCuMML Extr ka aid meet all
Me lm crrn!ds sfrcdticd in 5.6.1 .1.1.2 fnr class S dsviaa.

Gwsrp A scmerd~ ~n. Scrcmirrg ima shall cmnsial of & smrnioalimm and tests
spccikd in appmdis B.

Los -fxarrce. If, during h 10@psrum inafsmim of swbgruup L sUWirrg rsquima Ibm m’cr 5
puunl nr (1) device whicbcvcr is gmmsr bs diamrd~ lbc h sldf bs mjcasd.

ReJcaediosa. ffm~tila b@~, @~_my~ti tim~tidti~a
- nu! tic defecdve unila auf msubrnil fmr mfrt?pazfm. Resubmitted fom abalf be 100 pcrcurt
~P~. Suti fnls Shall be Scparafe km nsw In& md sbalf be cfrarfy idmlifkd m reirqxaal lots.
Rmvtiofcfas$ Sdcvias shaflnoSbe pamillu2unIsm_by @_activily.

Grurp B@ecUsm. Grmp Birq@icm draffssmsM oflbsa@fcabk gt'OupB=(S=labi=fV
OrrmughVff). FW~SdcvfSUx. grq Bimpcafm alraffbe pafmrrcsf mammpktmfk sr.fscted
atrmdmn frmrmcb inapasimfrnthsr passcdrhe group Airnpc&m. Group Bimspcdmfmti
Bdtvices shaffbs ~osmsdwlxa slmifkslby rbepmarrmrml sfoanncat. TfrcsrwPBinsp@iM,
wbcnspui6cd for C2ass Bdevias. staffbs~am. dcmamnplcwdrs aelaicsf tirandmlfmrrl
impr@nlas whidrbave pamaftbcx Aiqrminm

Sampling plan.

5.6.7A. ].] Cfsaa B. ‘fire sampling plan abaff be s@ficd in lbs pomrcmcnt rfnaunenl.
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5.6.7 .4.1.2 Class S. Four sample units shalf be.subjcdcd to the applicable group B tests. Two sample uni~
shall be subjcacd to the lW.S of subgroup 1 and two sample units 10 the mats 01 subgroup 2.

5.6.7.4.2 Failu=.

5.6.7.4.2.1 (%.ss S, If the number of failures exmxl the number sllmv.zl in Tabks W through VH. tk sample
shall be cunsidcred 10 have failed. (see 5.6.7 .4.4.)

5.6.7.4.2.2 Class B. Thc nwnbcr of allowable failures aball be specit%d in the Procurement document.

5.6.7.4.3 Disposition of sample units. Dispcsilion of sample uni~ which have h subjected 10 the group B
inspcQiOn 5!MUk as apecitkd in the procurement dccumcnt.

5.6.7.4.4 Nnncumpliance.

S.6.7.4.4. 1 Class B devices. If a sample fails to pass group B inspection, the manufaauru sbaU notify the
prncuring activily and the mgnizam inspulion aclivily of such faifum and take mmxtive adiOII on
the materials or P—. or Mb, as warmnlcd, and on aff units of produa whxx can be cmrroxd
and which were manufactured under ~tially the same conditiom with cssmdaUy the same
materiah, pmccsses. etc., and which are mnsidercd subjrzi to lhe same failure. Acceptance and
shipment of the pr’odud shalf be discnndnmd untif am’cuive adim scccptsble to the prncuring
actii,ity has been taken, ,WIer the corrective aaion has bear taken, group B inspection sbaU bc
repeated on additional sample units (all inspections, or the inspection which lhc origbtaf sample failed.
a! tie option of tbe qualifying aaivity). Grmrp A im~im may be reinslilutd, hmvevc$, fiial
acccp!ancx and shipmcm sbaff be withheld until the group B inspmlion Mzsshown tha! the mrtwtive
action was successful. In the evcm of failure after rc.inspwtion, information mnmming the failure
shall be furnished to the mgnizam inspection activity and lbc prauring aaivity.

5.6.7 .4.4.2 Class S devices. If an inspcuion lnt fails to pass group B inspmtim, the inspection lot shall mt be
delivered on Ihc contmct w purchase order. ‘flse manuhcturcr abaff notify the procuring tivily and
.zmnizmt inspcziinn activity of the failure and take mrrectw“e. adimontbc matuisfcr~ or
h-h as wan%d. A failu~ analysis (sec. 5.6.7.4.4.2.1) abaff be fsafonned on USCfaffing product and
fciwardcd 10 the prmmring adivity. A mpy of the results sbaff be maintained by the manufacturer.

5.6.7.4.4.2.1 Failure analysis. If any of lbc sample units aubjcaed 10 the gtmrp B tssta fail during testing, a
detailed failure analysis sbalf be mnduaed to establish the cause of failure and the aa?cuive aclimm
that would eliminate subcqumt failures of a similar type. A failure ia catcgmized as lot nricntcd if its
acurrerrct is apparently refslcd to au idmtit%d lot or Ms. A faifum is megwiasd ~ na lc4 oriented
ifi~mxwmmccisr arsdomanditcannol bcrclalsd toaspszioc lntarhts. Eacbfailumisfurtkr
identified as screenable or na s.cranable frun the amrpldal puduaicm itaria. If the faifum an@is
SbowstbaI tbefailuremcdanismisarzcmablq tberntim failed kusnaybc auemsrfarmf tbcgTwp B
Icalinwhich tbckifureotxamwf abdlbcm pcatuf.fr afaifmcoccua &ring thr. smnd~Btrst,
the mti p-oduaimr la .5hdl be rejalcd. If the faibme mcdaniam Esusmablqdfprimd
s~~t @uctinn 10L5that may mntain the idcntiuJ t%ilummrdanism Sbafrslsobe-d.
Exc+asmay bcsustai otbawiac inll-redaaikd mquirrmcuts fnrtbeapscf6c f.xWtypc. Uthc faifum
mahsmiam is 10I oriental and mt ~fqallpmduaim tithatomtaint bcititfiicd hifure
mecharrism shaffbe mjecicd unfsssatsa diapmitim isdiralcdbytbc ‘g0ft3cumd
procuring activity.

5.6.7s InspectIon of ~ging. inspection of packaging fw dcfivery sbfdl be as apcded in MILT-27,
MfLC-15305, MIL-T-2103S, MfLT-55&.31 or MILC-S3446 m qslidk.

23

Downloaded from http://www.everyspec.com



MRA’2-D-9S1B

TABLE IV. Group B tests for Per tran.sfnrmcn, poweJ ioduclors, audio inductors audio U’amsfonne!s,
high prover puke Imnsformcm, drarging inducaors, saNrablc tmmformc.m, and saturable
indudors (families 03, 04, 20, 21, 36, 37, 40, and 41 respectively) and Inw power puke
uansfonn~ (family 31) (see 5.6.7.4).

Cb3s.ss

Ikfcdive
TCSI(1) Sampk size Unil.s AUOwcd

Subgroup 1

Resistance 10soldering heal

Terminal strength

Icduccd voltage (2) (3)

Dieleuric withstanding vollagc (2) 2 0
(al atmospheric pre.swre)

Electrical chamuczi.sli.s

Visual and mechanical examination (internal)

su6gr0up 2

Vibration

Shed

Rcsistarm to SOhWJ)tS

SoIdcmbili[y

Life (4) 2 0

Dielcuric withstanding voltage (aI rcduud
Vollage)

Insulation resistance (5)

Electrical Chamaaistifs

Visual and mrxbmical examination
(Cxturlal)

Viiual and mechanical examination
(imrnal) (me sample unit)

(1) specified tcsls shall be pdm’rncd in ~ with MILT-27,
exapl tests for family 31 shafl kc pcrfm-mcd in aamdana with
MILT-2103S.

(2) At maximum tanpcmtum for the *.
(3) Applicable when any winding has a Ialcd voltage in U-of 2s

volts rms.
(4) Raise tmrpaaturc one Cks, for 500 IIIs.
(s) At specified voltage with lR of 7SXl megohms minimum.
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TABLE V. GmuP B less for RF roils (families 13 and 14) (see 5.6.7.4).

C2a.us

Bcfeclive

Te.sI (1) sample Siie Unil.s Allowed

Subgroup 1

Elccui.al cbamduistics (initial)

Resistanm to soldering heal

Terminal strcnglh

Tempcm31urcrise

Vibration 2 0

Shock (SpCCifkd pUke)

Elmrical charaaeriwics (final)

Visual and mechanical examination (external)

Visual snd mechanical examination (internal)

Subgroup 2

Rcsismn.x to solverws

.SoIderabtiity

ElezIrical chamaerislics (ini!ial) 2 0

Life

Electrical cbamaeristics (final)

(1) Spccifkd lcsts shall be performed in aaonlsnce wiIb MIL-C-15305.

‘m1.

25

Downloaded from http://www.everyspec.com



MTL-STD-981B

TABLE Vf. GfOUpB [C.SLSfor RF Uan.sformers (1

Test (1)

Subgroup 1

Resistance to scddering heat

Terminal strength

Opemling lorque (when applicable)

Tcmpemlure rise

Diclemic with.smnding vohage
(2x working Vollagc) (2)

Electrical charaderistics

Vibration. winding continuity

Shock, winding cominuity

Visual and mechanical examination (external)

Visual and mecbanicd e.xamimlio” (imema])

Subgroup 2

Resistance IOsolvents

SoIderabilily

Life (3)

Diekcmic witiwnding voltage (al reduced
Vollsge)

Insulation rcsislamx (4)

Electrical chamaeristi= (finaf)

Visual and mcchanicd examination
(Cxlcrnzd)

nilics 11 and 12) (see S.6.7.4).

CJms

.SsmpIe Si2e

2

2

Defective
Jnils Allowed

o

0

(1) Spccfied ICSISsfsau be performed in -miana. with MILT-55631
(2) At maximum lempualure for the clstss.
(3) Raise mmpcsaturc one CJS, for 500 bm.
(4) FUJIvohagc wilh JR of 1.5 times tie spccifid vahc.

9
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ABLE WI. Group B tests for RF chip co

Te.s[ (1)

subgroup 1

Eloa-kal chamderiatics (initial)

Low-mmpcnmm operation

Tcmpuaumc rise

Overload

Moist w-e resist.ana

Electrical chamcleristi.s

lmluciance

f)

High-tempamurc cx~ure

Eleccrkal charaaeriwics (final)

Turning torque (when applkable)

Bond so’engti

subgroup 2

SoIdcmbility

EMriral chamacri.sti= (initial)

Life

EfCctl-fcalChamacriatics (final)

(families 50 and 51) (ace 5.6.7.4

ClaSSs

Sample Sic

2

2

Defective
Unila AOmvcd

o

0

(1) Specifkd lcsa ahau be px-hned in aanrdamx
with MIL-C-83446
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6. NOTES

@is section rn.laim information of a general or explanatory nature Ihat may be helpful, but is not mandatq’.)

6.1 Subject term fkey word) listings.

Cores
Families
lmprcgnalicm and potting
lnmmal e\emens
Materials
Solder joinls
Sptim
Voids

6.2 Change5 fmm previous issue. Marginal nolalions are nol used in Ibis revision 10 identify changes
wilh respecl 10 the previous i.ssuc due 10 the extensiveness of Ihe changes.
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Appendix A

PRODUfX ASSURANCE PROGRAM

I

I

JO. SCOPE

This appcnrlix mnrsins dcmil-sof OK pmducl asunmm program requirmncats which save as lbc
basis for prmlud fine vcriti.ation and mmtilme a pm-condition for supplying dcwiccs in accodmce
wilh this sramiafd. ‘fhLsapfxndix is a mandatory pan of lbe stsndard. ‘k information confained
herein is intended for mmpfiance only.

20. APPLICABLE DOCUMENTS

This seciion is not appJicabJe to this a~dix.

30. PRoDUCT ASSURANCE PROCRAM

30. J Manufacturer cerUJkstion. 11’Icmanufacturer sJ’IsJJestsbfish, implement, md msimsin a pmducl
assurance pmgmm in amndancc wilb 30.1 IMough 311.1.3.6in mdcf to become sn approved
manufadurer of eJcctrumagneiic dcvias. ‘f?x manufaaurc?’s pmducl assurance program sJraJJ
demon.smmesnd rmurc tisl design, msnufaclum, impcuiw and Icsling am adequate to assure
mmpfiinm wilh the appJicabJe requircmems sod quslily slandsrds of ibis slmdsfd and the
p.mc.rcmem dmmm!ml.WIKrclbemmufwlurcor my potion of the manufsrming and tesdng
opcmlion is done al other than (he manufacturer’s facilily, it shafl be Ox rqonsibility of lbe
manufadurcr to secure rind approve lbc d.xummtslion and mntmJ of lhe prcdud sssurancz program
as described herein. _J%cprogram 5hsJJ bC documented in lbCSCwa~

s. Design, processing, msnufaduring, snd Icsling instructions (see 30.J .1)

b. Records 10 be maimsincd (SCC30.1.2)

c Pmgmm plm (= 30.13).

The pfogr=rn sJrsJJindicale which dommerwidion SF@& m CJMSS md which 10 CJrm B.

AJJ required documcmstion shsfl be EwaiMdc st. snd continually effcaivc irL the plsm of the
manufacture prcducirrg dcvias which arc iotemfcd 10be offered for ffml * smf qualby
mnformsaa irqxclions urxlcr Oris smndsrd.

AfJ rcquimd program daurrrmtaticm shaJJ be swaiJSNc for review by the pomring sgmcy upon
mquem, sndulepcmirrg agmcyabsJJbsve IXXzlsslommpm@mry srcm of rbc manutkumr’s
plan! for the fnrrpmc of verifyfng irs impJcmamdm.

‘J1’Icimplanmlalim of sJJ pmprictsry docamcntmim sbsJJ be cerli!ied by a rtsporBibJe offkisf of the
manufacturer upon rcqucsr by the pmmrring agency.

30.1.J Ikslg% ~ mumfwhrr@ andtnthgJnmndOm. ‘fixmsnufaaura sbaff bsve in cffcu
dammentcd imtmctiom covering, as a minimum, ~ smas

& CQIVcrsion of arstcmcz rcquimmmls into msnufmlurcr’s fntansf Imtruaiors (.SCC30. J.1.1)

b. PammIcJ tmirdng M@testing (see 30. LJ.2)

c Jnspcuicm of inmmiig msraials, taffbica rmd W- in ~ (* 30.1.13)
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Appendix A

30.1.1.1

30.1.1.2

30.1.1 .2.1

30.1.13

30.1.1.4

d. Quality-amrnl cpmmions (see 30.1.1.4)

e. Qualily-2swranm Opcrstions (see 30.1.1 .5)

f. Dcaign, prnccssing, manufaauring cquipmem, arid rnatwisk inslmciims (W 30.1.1 .6)

g. cleanliness in work m (see 30.1.1.7)

h. Design, malcriaf, and proms.s change mnlml (see M.1.1 .8)

i. Tnof, snd test equipment maimenanu and calibmlinn (W 30.1.1.9)

j. Failure and defcxl analysis snd data feedback (set 30.1.1.10)

k. Corruiive action and evafuatia (see 30.1.1.11)

1. Incoming, imprnccss, md outgoing inventory mnlrnl (~ 30.1.1.12)

Detsilcd rquimmems for coverage of Ihrse items are stated in 30.1.1.1 through 2411.1.12. Thew
requiremcms wilf normaUy be cxpuled to be met by the msnufaaurcr’s stmdmd drswings,
sPWfi@icm.S, prCCCSiIISUUCdOm,and othcx mabliabcd msnufachuing pmaicu. If psrliadsr
requirements am not coved hy Ihc manufauuru’s eslsblisbcd practices, auilable dmrntation shsll
bc added 10 astisfy those requirements.

Conversion of customer rqdrements Into msnufaclumr’s internrd fmtmdfom.T?Ie prnadure by
which omnmcr requircmuna, as expressed in .specillations, punimse mdus, ek, arc cmverled into
working inalmciinns for Ihe mrmufadurer’s pasmme] ahalf be dcamlcnti.

9
Personnel trsfnfng and testing. ‘f%c motivatimsl and wuk mining and Icsdng pmctias employed

—

10estsblish, evaluate, imd maintain lhe skifls of ptmonnel engaged in celiabilityuitical work ahsll bc
dccomemd as 10 form, cvmc.m, and fn!quency of use.

Cei-lilicatiOII nf pemmnel. ‘f%emntmanr aixdf bsve a writtenpmxdure rowing ox trainingof
pmduciion and inap3ion ~nel. AU employees aball be instruaed in prupa handling of psms sod
materials during pmdwxicm, tesdng. and impica opcratinm. Defy anployaa who have rtxcived
lbia imlruciicm shall be aflnwaf 10 handle OIcsc mstaials of parts. fn rddition them ahalf be a writtcm
pruadure whereby pasonnel pcrfmming did @ka cm class S puts are cutit%d to pcrfnrm their
asigncd Iasb. Cmliicatina shaff he determined cm a mndnmm bmia for e&b Opcratcwd a record
mainudncd of* opaamr’s pdmmancc Any cpcrstnr wboae quality pufamsmc does nm mcu
certification mquirwrmmtaahaff rwxive retraining cr mrmignmeat as required. Ille tam “uiticd
tssks” ahsfl, as a minimum, include mil winding, mil lamimti~ aokfuin& wddin& ~bly,
paling, mcapd,sli~ snd I.Sting.

Impedon of fnmmhg mmxlslq, ntflitk+ 1A work fn frOceTS. fnapdiw opmltima shall be
documented as 10 type of impxtim, asmplingandM ~
frqumcy of use.

~mjulim Uilais, md

Qdity-mntd Operdom. Qualityatml opmliom Sbdf be daummld as 10 Iypq p-oadurq
mLingaiLmia,a nimuit*recmr@ md~Of~.Au*bkpOass ~ malio
tie manufrauing of b dcviax sbzdl be impaled by so adequslcly trained impma. If
CirO.unslsnaa fs-cclude inapccdom tier b pKllxSs is mmpla~ 0% kspcdon absll-during Ibe

30

a..

Downloaded from http://www.everyspec.com



hffLSID-XflB
Appcndi% A

● 30.1.1.3 Quality-assurance operntinns. OuaIiIy-mwranu. npcmtiona shall be dncumcnlcd as to type,.
pmccdures, equipmenl, judgment and action criteria, rccorda, and frequency of USC.

30.1.1.6 Ddgn, proccssing, manufacturing equipnen~ ad mderlak hstrutimm. f).%= design.
p-ing. marrufauring qu@menl and m’amiala shalf be dncammlaf in drswinga, smxlards
specifications, or other nppmpriarc media which shalf cover the requircmarta and mlUXIXCSf~ au
aSIXIS Of design and manufadum including quipmmt tesL ❑atcriafs pmmremen!, and hsnrfljng
design-verification testing. and pining steps. As a minimum rquimnmt, detailed rtccumemation
musl exist for (he follnwing items and must be adqua!e 10amn’s thsl quantilalivs amlrnfs arc
exercised. lhat tolerances or fimils of comml arc sufficiently lighl 10 assure a reproducible high
quality pmdud snd lhal p- and inspcuion rccnrds rcflca the results saually schicvcd:

a. Incoming materials cnntrnl

I

,P

b. Wirsfing machine selup

c. Winding unifmmi!y

d. fayer insulation

c, Winding finishing and termination

f. SnIdering andlnr welding

& Cnrc awmb]y

h. Rewnrk

i. Polling and cncapda~ion

j. Scaling.

30.1.1.7 Cfeanfkas in work ●reas. The rquiremcms for cleanliness in each work am h which umcakd
dcviccs, or psns thereof, arc pmcewd or asssmbled ahsff be daumcolcd.

30.1.1.8 Design, material, and proctss change mntnd. Tim melhnds and pmdures fnr implcmenlatim and
rnnuml of cbangcs in device design, materiaf, snd passin& and fnr making change infnrmmjm
availsble 10 UIe fxuaning activity, wbcn a~~lc, absll bs dncammmtr%f.

30.1.1.9 Tool and test eqrdpmart maintenance sod afibratlon. ‘flK rnainlamna and calibmdnn
pmadums snd O’Iefrequency of a.cbcdtdcd sctinm fnr 1- gauges, rmd test qujpxml abafl be
documented and in aaxdmcr, with the rquirunrnta of MfSfT34662.

30.1.1.10 Fail- and defect anaf@ d - feedbuk, ‘fix ~ fcx idcdGcation, handling, and
analysis of fsikd cr defcuive devius find fnr dksaninmicm of ansf@a dsta sbsff be documented,
including the prnadure fw imfmning the -g agency of ansfysis rcaufts, when appficabk.

30.1.1.11 Corrective utkm ad evahmtfai. ‘flIc pmxcfum and i~*ility fnr dakinm mgsrding k
nccasss.ityfnr arrcuive scdnn as a -l! of failure w dcfcu anrdys& and fnr cvsluadm snd qmval
of pmpmcd mrruaive acd~ Sbau be *mtal. U the proadum for Cvrdustinn and spp+uwd of
dlanges pmpnacd falnbamns, sucb 5arslruflKii0n nrpnductimprwsmem, diffcmfrmnths
abnvc, it dmff *be dnauncad.
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1

30.1.1.12 Incoming, in-process, and outgoing Invmtory amtrol. ‘he mclhcds and @urra shall be
d.xumcntcd which am used 10umlml storage and handling of incoming msltiafs, wak in proctss, e. .

and warehoused and outgoing producl in order to (a) Aicve such faclcs’sas age control of
fimitcd-fife mate$iak, work, or finkhcd and (b) prevent inadvatmt mixing of mnforminE snd
nonmnforming mahxiafs, wok or finishtd prcduct. fn addition, for cksss S dcviax+, IS.S and
fiwio~ Pcrformd by (he msnufacturms on procured mataisk snd supplies shaff include
verification of chcm icaf, physiczd, and funcdonsl chmaUmiaIics required by manufacturer dmwings
and specifications. Pmccdurcs shall be pqxucd and msintaimd fm mndling the rtccipt of prcax’cd
matcriak and supplies llx proadurcs shalJ provide ux foflmving

a. Wkhho]ding received mam’kds or supplies bum usc pmding completion of the mquircd
in.spcuions or lcsls, or the ruxipt of mxassry qXU-LS.

b. %gregstion snd identification of nonconforming ma!mials and supplies from conforming
materials and suppfics and removal of mnmnfonning subassemblies and parts for grade
tines.

c. Menlification and conlrml of fimitcd-life materials and su@ics.

d. Idcnlification and ccmlrol of raw matmiak.

e. kmnancc that lhe required lest refmtls, certifications, etc., have km redvcd.

f. Correu identification of malcrial$ released from receiving impccticm and lest 10 clearly
indiatc acc+ance or rcjccl ion SWJIUSof material pending review action.

g. Traccabili!y of maleriak throughout the pmduaion prccess to lhe accepled pr&cl.
Completed parts shall bs identified m permit @tive cxrmfalion 10 UIePrcduclion fot.

30.1.2 Records 10 be mainl.akscd. The rc.xmk required by WE scclion shsll be umdmmusly maintained
during Ummanufachwc of devias whiti am intended m be submillcd fix quafity ccaformarkz
tiwion under this Sptxific$uion. Ilm rrxmls pertaining to inmming and ti-- iM@OtE ~d
Ihme pcnaining 10quafby conformance inspection 5haU be retained for a minimum of 3 yam aflcr
pwfot-nmnce of @ impcuicms. Reca-d.s shsfl be maimabxd = a minimum foc

a. Pcmomel Iraining and msdng (30.1.2.1)

b. fmpcuimopsaatiom(30.1.22)

c Faifure aod defccs m?pmtsand msfyscs (30.1.23)

d. Ititkd doammutaticm and su~uenl cbangrs in d.si~ mmaiafs w -g (30.1.2.4)

c. Equipment cafibmdons (30.1.23)

f. Pmass, udlky, and material czxm’ok (30.1.26),

g. Product lot idmlklzdkm @O.1.2.7)

Dclail requircmcma”for rc4xT& am ststed in 30.1.2.1 tbKs@ 30.127.

30.12.1 Pemwusel bafsdng and ti%dng. Rccmds shall cover the mtum aftmining w“testing give.Q the date
lhermf by WCCkand length in bouts, and @ ~tiS) of pcmmncf @m ~ Imkdng and testing. 9 ..
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I

I
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30.1.2 .1.1

30.1.2.2

30.1-23

30.1.2.4

30.1.2.3

30.12.6

30.1.2.7

The remrds need nor indicmc occasional spcciakd training, nwaining, or mating of individuals and
am quid only for motivational and producl-rclalcd training and testing as d~tinguishcd from
Wkty, fit aid, CtC.

Trsinfng of opcmtm amd Irxpcccom for&S.
AU critical p~ and pkaziion inspaiom shall be @mmcd by puam’mel who have bcm
tmined by the manufachm to perform tick assigned task in accmdam= with manufactorcr’s in-hO~
standards, including a formal tiing and lest pmccdurc to assure the proficiency of cad individusf.
Fach individual shrdl be retested andlor remained at lbe end of a dcsfgmtcd period or when ptxsamel
pdorrn.cc indicmes P proficiency. Peman.nd shaff nm L= used in critical proas= or imp@ions
umil the r?quircd level of fn’oticicmy has been dcmomtmtcd.

Inspedon opuatfom. Rccu?fs of inspection opmatioms shafl mva the Icsts or impxtims made,
rhc mmeriak group (lo~ batch, eic) impcUcd, the amtrolling dommcntation, Ibe date of completion
of inspection, the amount of materisl tested, and aacpmct,
ma[crial.

‘-~ ~ tit KO!dldk.pcdiml of me

Failure and defect repts and analyses. Rccmfd.sof rlifcd or dcfmlfvc dcvfas shtdl cnvcr lhc
source from wtdcb =h device was reccivcd, the tcs or opcmtion during wbidr failure omurrcd or
dcfoms were ntscrvcd, and prior testing or sauning hstmy of tie device, the date of rucipt, and the
disposition of the device. Rumrds of failure and dcfccl analyses sbolf cowr the oature of the rcpnrt.?d
failure or defcci (failure or defect mcdc), .aifimdcm of the faihm w ~f-, ~ Ml-Of ~Y de~~
discrepancies which wcm fourxl durfnganalysis (failure or rkfeci mCCbtUMm), assignment of the
failure-activating =W if Pnssiblq the dme of mmplclim of the analysis, idrnlificaticm of the group
performing the anslys& dkfm6ition of the dcvia afrcr analysis, and the distributim of lhc record.
The record shafl slsn trm! Ihe relationship of cbscrvcd failure w dcfctl modes in rcfstuf lots or
dcviccs and, where applicable, mm’ectivc adion @ken as a result of the frndings.

Changes in dcslgn, matcrla~ or ~fmg. Rcmrds shall cover (he fnidal documentation and afl
changes, with the dale upn which cad change in dr.sign, mareriak, or fnmczssiog kcornes cffcciive.
For devices in[r.ndal IO lx submiltd for quali!y mnfccmana impcctim unda this spmitimtim, tic
documml.s aulborizing and implcmcmiog the change, and idca!fidion of tic first production trod/or
quslity mnformanm impediar 10[(s) (= applicable) within wbidr prduct inmrpmmfng the cbangc is
included, shall be maintained.

Equipment calibtatbns. Rcmrds shsll cover tic acixdukd calibration intervals for each cquipmml
imrn, (he dales of mmpklion of suual caffbmtion, fdcOMcadon of Ox group pcffmming lbc
dibra!ion, and certification of lhc compti of om equipment wflh dnmmrntcd rqiim.ments a!lcr
calibmlimr. in acmrdma witi MfLSfD-436S2.

~ UIMIY,cmd matcrfaf mncrds. Rcmrrfs sbsll cover w imphmmmation of dcvfas sua as
umtrolcharw (e.g., Xand RdmrIs) nfotbcr mcamofindimtim oflbc ~ofomUnlacMcwdst
tie fminrs io the material, utility, md assembly pruam fkw &mrinmluJ in tbc mimufaaudog
im(nrcihrs. Records shalf alsn idicatc the dar @km wbm ~ aw+f~I ~h is
O&a_ved, sod IhCdispmilhl of @@ ~ dlidrlg b @ Of UU-Of~l e.

Pmfuc4 fot Idcntlfiatfm. Records shall be cqrabfc of idmti~g in each production andla

~--m bt (m appfimbk) of prcdct, tbesc items rs a minimum:

a.lbcaazpmcdmpdnnepcrfa rncd Ontbcbt, mxftbcirrc5uUs.

b. Ilx saisl mnobm(whenapplkabk) nf afl devi~ in lhc lot.
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c. llw date nf cmmpletinn of acaptance impcdion of the lot,

d. fdcntificaficm of the 10I.

30.13

c. ‘fhe pertinent detail specificalinn under which inapxlion was performed.

f. Final disposition of& lnt (wi~hdrawn, IIMaa%plcd, acx$pkd).

g. Prncuring aclivity source inapeclion di.spcsition of tie 10I,

h. Tnxeabifky of aU maleriak used in OK prndudion prucms.sback m the manufacturer and his
lot or batch identification.

program plan. The fnugmm plan shall be eslabliahed and maimahd nn a cam’embasis by Ike
manufacwrcr, and shall be delivaed 10 lhc pnxwing agency for review (prim 10survey, when

8ppli~bk). JI *W W~iSI Of a VOlumCOt fmrtfotio, or serie$ of ssm< which wifl SCJWCto ●

demonstmw to tic prccuring agency Ihal the manufacmmer’sundemanding of a complac prnducl
Sssumnm pmgmm. as excmplil%d by his dncumalalion system, is adquale 10assure wmplimm of
his producl with the appfkable specifications and quafily smndaxl$. If the pmch,m &ur’ancc prngmm
cxcmplifkd is applied mmi.slcmly In all producl lima intended In be aubmitlcd for acafxance
inspcctinn under this spe.cifiiticm, only cm+pmgr-am plan is required for cab msnufaauring plsn~ I
sny difference in lreaunent of different pmdud lima wilhin a plsnl shall be slated and explained in
Ihe program plsn, or separate program plans prepared fnr such different lines. The pmgmm plsn shall
conlain as a minimum, lhcs.e items:

a. Functional blnck organization chart (30.13.1)

b. Manufacturing flow than (30.13.2) 9

c. prnpriemydommen~ (30.1.33)

d. Examples of design. material, equipment, visual alandard. and poccss instrwlions (3o.I 3.4)

c. Exampks of rccnrds (30.1.3.5)

f. Examples of design, material and prnces.s change control dnaunen!a (30. I.1.K)

g. Examples of faihn’c snd defeu anafysis and fcdback doaunams (30.1.1 .10)

h. Examples of mrrcciive adinn and evafumion dnwmems (30.1.1.1 1)

i. Mmmfamumr’s internal instrodinns for inla-nal visual blspmim (30.136)

J. Manufacturing pmciks (see 5.5).

Dclail requiremrnls fnr lhcsc items we dcsaibed in 30.13.1 Umwugh30.13.6, 30.1.1.K, 30.1.1.10, md
30.).1.11.

30.13.1 Functional blnck orgmdzdon chart. his chart Sfllff abcnv, ii) hncdmsf bfnckdiagmn from, lbc
fines of authnrity and rcspmsibtity (bnlh fine and amff) fcr aighatim, ax and fmpkmcnlatkm
of tie scvual aspcus of UICprodmy eunmce ~gram. Names of inatmbmea am nni mquimd in Uda
Chal-1.

9
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30.132.1

30.133

30.13.4

30.135

30.13.6
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Manufacturing flow chart. ‘fhk chart shsff show, in flmv-cbatl form, the manufacturing sequence
lYPi@l Of the pmducl line undercnnsidcmtion, including inspcciion ad prcass-cnmrol smticas. If
desired, a scparste chart may be used for quafity-asmmna operations. fmwfar as pmcdcal, each
manufacturing flnw than station shd be keyed (by dxumeat number and tic sleds) it corurols) m
tic pm-dncm cxcmplafy documents (see 30.1.3.3 through 30.1.3.S) included in the pmgmm plan, to
fscilitak undemanding of the intcn’elaiinnsbi~ of the varims tienL%

Manufacturing bmelfne for class S devicrs.
IIIe flnw chari for class S dcvicm will shnw slf manufacturing tipcuicm, testing, md quslity
vcrifica!ion @ms ad the @nts where aff mskrbds cmsukscmblics rntcJ the flow. ‘fbe cimft wilf
identify all documents pertaining to lbc pmcurcmcnt and inspcuicm of ❑atufals, k pmduuim
p-es., the pmduaicm environmm~ and pruducdon cz4mmlswhich were used. lbc dccumcnls will
be identified by name, number, snd revisim in effca at the time of mfmufmmura -cation, or
changes approved b-caner. TIIe manufadura sbsll ❑aimain a 61cAmok of alf refcrcnad cbmmerm
noted on the flow than, including in-hnusc documents refc?mcd Uwre fnr usz by the
quslific31i0n&tikaticm teams and the dcsignmcd pmcumtnent agency rcfmsdative(s).

Proprfclaryducmnents. A listing of pmpriunry documcnls shall be incfudcd in the program plan
and mainudncd on a current basis (see 3fl.1).

Exampks of dcslgn, material, equipmen~ vkual stadard and proclss fmlruclkms. An example
of each type of design, mstuial, quipment. visusf smndanl snd PI’OUSStitim ~ ~ ~
manufadurc of dcviccs inhmdcd 10 be submiltcd fnr acczplsna fnspccticm umkr MS sbmdard sbalf be
included in lhe Pgmm plan. ~esc may be eilher dummies or aciml waking dOOJmtWS,bul S.td
in either went show the fnrm of lhe peminrnt document; blank forms shall m be included.

Exnmple of records. Exampks of rccud% mmplying with the requirements of 30.1.3.4 fm
insuudinns, 5hdl bC hd!dd in Ik program phn.

Manufacturer’s Internal imtructfom for internal vhml fmpectfon. TfM manufacturer’s internal
insh-udions for visual inspection bcfom pdng shzdf be included b ‘k pUglUll pk.
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SCREEN2NG TESfS

10.

20.

30.

30.1

30.1.1

30.1.2

30.1.2.1

SCOPE.

llda appendix contains dclails for perfonnarxe of group A sauning (cats for devicca speciikd in
Scmrdance wilh (his slandsrd. ?his appmdix is a manda!ory w of Uds standani. llc information
mmaincd herein k intended for mmpliancz only.

APPLICABLE DOCUMENTS

Ilk. scaion is mmapplicable to Ibis appmdix.

SCREENING ‘2TLSlX

Power transforme~ power inductors, audio tramfonaem, audio Inductors, high power puke -
transformers, charging inducto~ saturabfe tram.fonnem, and saturable inductors (families 03,
04, 20, 21,36,37,40 and 41 respectively). IIIcse dcvias shaU be subjtmed to tic group A
sucming lesls of table VflI.

Thermalshock.T2wtmalshock-ing shallbein ~rdanm with M2L-T-27, and as follows:

a. Numta of cycles: ~c number of cyclca shall be as specified in lhe promremen! document
bulshall not be less (ban 10 cycka minimum for cl- B pans and 2S cycles minimum for
class s pals.

b. Continually monitor continuity during [he entire lima]cycle to verify no intumiltenl
m

conditions. Candnuity monitoring current shall not exacd 3 microampere. Equipment ahalf
be. capable of ticcdng imumiucni cpms cxoxding lCKlmiczcxxmnds.

c. C3ass S park using magnel wire smaller than AWG 3S shaU have dc resistance m=m.med
before ati afIer the lhcrmal shti screen. TM change in rcsislancc ahsll not exceed
*3 pcrcenl.

Bum-in. (Appliilc to class S and ckass B park)

Trmmfomnera.

30.1.2.1.1 Power born-in (applicAfe for transfomners with an output greater than 0.S watts). fkvicm shaff
be X5kd as follows

a TCSIdumliom % ham’s minimum.

b. Test tempaaturc: Maximum mtcd ambient uznpaalure.

c. Test voltages and -w Rated input voluage and aanmt al minimum rated frcqumcy and
al maximum mtcd ioad.

Q-.
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TABLE Vfll, Group A suecning tests for families 03,04, 11, 12, 20, 21.31, 3637, 40, and 41, respectively
(Xc 30.1,30.2 and 30.4).

Examimlionflcsl

Subgroup I

Thermal shuck

Bum-in

Seal (when applbble)

Dicl@ric withstanding vohagc

lnduccd vollage

Insulation resi.slancc

ElccIrical chamcietistics

Radiographic inspcaion

Subgroup II

Visual and dimensional
examination (exlemal)

s
Ck5 Applicable Milhy

B Spccifbtion

x
x

x
x
x
x
x
x

x

x see 30.1.1

x see 30.1.2

x MIL-T-27

x MfLT-27

x MIL-T-27

x hffL-T-27

x UfL-T-27

See appendix C

x MfL-T-27

Inspcctinn

100 pctunl

lm pei’.xnt

30.1 .2.1.2 No Inad burn-in (applicable for tramsfonnem with an output equal to or less than 0.8 watts).

Devices shall be I&d as folknvs:

a. TCSIdutaion: % hnuts minimum

b. TesI tcmpemturo Maximum tatcd ambient tcmpaaturc

c. Te.sI vohagcs and mrmml: Ralcd inpul volmge and curmat at m@imum rated frequency with
nn load.

30.1.2.2 NAnad bum-in fur fndutxom. Dcvia.s shall be tcskd m fo~

a. Test duration % hnum minimum

b. Test lempaaturc Maximum opcradng tcmpcmturc

c TCSIvnltagcs and -IS Not spptile.

30.2 RIIdb frafuency, flxd and vulable trauifnrmrn (famffks 11 ad 12, ~efy). Tbe5c
dcviasshallLXwbjcuuf to the@IIp A Snmling tests in 18ble VfIf exczpt 161SShall be perfumed
in ~ witi Mf3/T-5Sd31 in lieu of MILT-27.

303 Rxfin freqwncy ffxed and vmlable cnfh (famffks 13 and 14). These dcvias shall be subjcucd in
IIX.grnuP A szcccning mss in table fX.
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7-anr n rv r.m,,m A .-..:... ,-,. r- . . . . . . ..- I a . ...+ , A nn 2.. . . . ..LL ,n. .J, ”.p r, a.,, -,,,,~ ,Sq ..” ,.,,,, ”,., . . .,,” . . {a,..,)

class Applicable Military
Examination/Test s B Spdkation Inspcciim

Subgroup 1

‘fherma) shnck x x see 303.1

No-load bum-in x x Sec 303.2

Diclcuric with.smnding x x MIL-C-15305

lmulalion rcsislancz x x MfL.C-15305

Inductance x x MIL-C-15305 100 pm-cm!

Q x x hfILc-15305

self rmmam frcqumcy x x MIbc-153G5

DC resistance x x hfLc-15305

Radiographic iqxdion x MfL-C- 15305

Subgroup II

Visual andmechanical expatiation x x MfLc-15305 lCG percent

303.1 ~rmal shock. ‘Ilw_mal abock acmxning shall be in acmtdanm with fkfILC.15305 and as follows
(NoI.: End pint m~uttments per MIL-C-15305 shall not apply). 9

a. Number of cycles: 25

b. CmdnuaUy monitor mntinuby during tbe entire final cycle to veI’@ no intamiltent
conditions. Cmdnuity monitoring current shall ml exaut 100 micmam pcrcs. 13q.ipent
shall ECcIpablc of detecting inlermiuenl - cxcading 1111mica’mazmds.

c. Class S parts using magnm wire smaller than AWG 38 shall have & ~ measured
beforeand atler the UImnal shod sucm. W change in resistance shall nnt excaxd
*3 pmtxnt.

3032 No load burn-in. l)cvj~ shall be Icabx! as follows:

b. TcsI tempcmtum h4aximum rated operating tanpemturs

c. Test voltage Nnt applicable

30.4 Low power @w tnnaformem (famlfy 31). lhsc &v& shall be aubjmlcd to tbf group A
a$xadng l-s in tabk Vfff cxczpl lesla shall be pufmncd in aaudanm With wT-21C138 in Mu
of MILT-27.
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TABLE X. Gmuo A scrunirm 1c515fm families SOand 51 (see 3ff5

Examinali0~c5[

subgroup 1

Thermal shock

No-lo.?d bum-in

Diclccmic withstanding vohage

Insulation rcsismncx

Induclanu

Q

self re50nanl frequency

DC resistance

Radiographic inqxction

Subgroup II

Visual andmcchmiCd cxamtia[ion
(exlcmal)

Clas

s

x

x

x

x

x

x

x

x

x

x

—

B

x

x

x

x

x

x

x

x

x

—

A@cahle Military
Spmifkation

see 305.1

SIX 30.s.2

MfLc-6344d

Mff/c-83446

MfLc-8M4d

MLC-83446

Mff/c-8344d

Mff/c-83446

ML-C-83446

MLC-8344

fqcclicm

lm pC~I

30.5 Radio fmauency. fixed and variable, cfdP roils (fandlks SO sod 51, resr=tlvdy). Thc5c dwics
shall be su~jc.ci~” to the group A scre&ing less ~ IMC X.

30.5.1 ‘flmnnal shock Thermal shack sc?cming shall be in acmnfanm wiib MfLC-83446 and as follow

a. Numbu of cycles 25

b. flmlinually monitor continuity during the enlim find cyc.fe 10 ~ no imamiumu
mmditioms. Canlinuity mmdmring current shall no! exucd 3 mifcxcan.puu. f?.quipmenl shall
bc capable ofddcuingima-mimmopemexading 100mkm6eum&

c. Class S paw using magnet w-iresmmfbmUma AWG 38 shall have dc resisfamx measmw!
before and tier the tbamal shock acrecn. ‘f%cchange in reskmna shaonotexaed
*3 pmcenl.

30.5.2 Ndosd Ix.um-fn.

8. TCSIdurmiom % hours ❑iainuun.

b. T-t temf.!ermum Maximum rated opa’miog lanpaatum.

c. Test voltage Nol qdicablc..
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RADIOGRAPHIC 1NSPEC2TON 0)..
10.

20.

30.

30.1

30.1.1

30.1.1.1

3t.J.1.2

30

30

SCOPE

~is appendix cnnmins dc.taih for ~onnancz of lbc radiographic inapeciion for devices specified in
acmrdarw wiIh Ihia standard. ‘Ms qpmlix k a mandmory part of thii standard. llie infnrrnatinn
mntaincd hcfcin k intended for compliance only.

APPLIcABLE DOCUMENTS

This acuion is nnt applicable to IMSappmdix.

RADIOGRAPE3C INSPECTION

Rmfingmphk Irqtrtinn, Dcviua shall be lcawd in acmrdamx wilh Methnd 209 of MIMWD-Z02.
The following rktails and exccpliona shall apply:

a. Radiographic quality: The radiograph shafl rmdcr a clear sharp image of the peaelmmcter.

h. Image quafiiy indicalon A radiograph of the pmcirnmc$et sha12be included m each
mdingm@ film. The pcmmamcler may be made frmn a sample ofk same type m that
being radiogmphed, wilh an AWG number 4S tun@cn wire mounlcd aczcEs the My.

Tmnsfomncm .amd Inductnm. Examples of [ypifal construction and tmnincdogy arc afmwn on
figure 5.

Vkws. Radiographs xhaU be mken of each &via in each of three axes; X, Y, and Z Whul
inadequate coverage u prnvided, addilinnal views shall be lakcm as deemed n~ m aadsfy lhe
criteria dcfim?d herein. Axial mimtatinn is ahnwrr on figure 6.

Examination. T1’Jemdiogmphic examination shall include, but na be limited to, inapcuion for
cxlmnccms matui~ afignment, clcamnce and prcusaing damage.

1.2.1 Extranmus makrial. There shaff be m visible extmnmus ❑aterials tbar can cause damage 10
imularicm nr clcctricd ahnrt circuil bctwccm amductnra w cmmcctr“ma. Lonac nr excessive banding
material such as weld or anklet spfash, anfda balls and abml lengths of ummmbcd wire abafl be
conaidercd cxtrancom material. See figure 7.

,1.2.2 Alignment and ckarwua. AOXptable p ahaU exhibit adequate internal elalricaf amf
mccbanic31 clcamncrs. Cliteria fa -inilrg adeqUatccbrancc byiqcaio no f-pltsahall
kcsIabfishcd bycadmmruf&lurcr and mualbcapprovcd by Ox~@ivity, exapl~
Sptcifkd OthtIWiSCherein. Unacqtable afignment ad clmrmaa irxlude Ifx. foffmwfmg

a. fmufGciml cl— bawcmwima andmctaflic ~ahcrcmnducdvcm ppal, Wextunaf
surfaas. See figure 8.

I b.~wirc undaknsirmth atcdnbe aubjcucd to fwtberatmm tirlbcf’mal expmsion. sm
figure s(g).

c. lnadequalc clearance of wks and imtalladmn lmlcs, wherein be win% can IX damaged in
imtallalinn.

9
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d. Inadqume clcafan= between adjaczm terminals due 10pigtails of the wirca, or wirt
alignment.

e. lnadquale clmance bctwccn wires. W figure 8(b).

30.1.1.2.3. Prwsxsing damage. Unacceptable fxucsssing includca lhe following

30.1.1.2.4

30.1.2

30.1.2.1

30.1.2.2

30.1.2.2.1

30.1 .2.2.2

30.1.2.23

30.12.2.4

30.12.2.3

a. Raveled or fmycd wire ends tit can sqarale m piuu insulation, olher wires or FM& Sm
figures 9(a) and Iua).

b. Partially brciten wire smmds. Multiple Wand wire in which one or more snmds have
Sepal-amd.see Iigul-c9@).

c, Missing or incnrnplcte soldering or welding of mnncuims. See Ggurta 9(c) and lo(d).

d. Excess Icnmbs of wits that arc ut!sucm.xted and can move freely under mcdaniml a

e,

f.

lhcnnid W&S. see figUIX9(d).

Unaulborizcd splices or @r of brokmwiresortmninals.W figm’rsXC.)md Ill(e).

Voids in encmsulanl in mntaa with the lead buwcen tie coil and exta’ml surface IIMI
complcicly s&mnd the wire or, although MI aurmumding kbe wirs, extmsf greater than 20
pcrmnl of Ibc disianm from lb. mif 10 the extsrnal surfaa. See figures 9(f) and (g).

g. Crocked w damagsd mm. see figure Iwf).

Misceffaneous. Crocked, broken or improperly assembled corq deformed or bml ~ and voids in
Ihc seal sM2 be cauac to rejcd a FOrl.

f?adio frequency dfs.

Views. Two views, mrnud to the major axis of lbe pars s.IMUbs lakrn. One view sbaU be W“dcgmes
fmm tic aher.

Examination. The coil cuuninalion shall include, but not be Umilcd to, inspmmicmfor emrammus
material on the windin~ m within the mclmurq misaligned or m6p@d0naf am-c, misaligned
clcdrodes and physical damage 10 rhe windings of the coil.

Cracfsaf or damaged .mrc. lle core ahaU show m evidmce 0fbeingcXa&cz20r 0tkwise
damaged. See figure 1l(a).

Exlrmeousmaterhf. Thaesh922bc m10c6c0ratldr4f~ mmcriaf 0.002 imirrs (J1508
mm) or larger in size an the windings m wbhin k cmksurc. W figure ll@).

Mlsaffgnsdw. mmtiti0ftiMMmhmm@cpti5*p.*
figure 1l(c).

Wkndfngs. lkrc shall be m excessively 100Wturns visiik on lbc roil. A scfmradm of 0.010 indca
rmmorebriwecn awimlingmdtbc mxtinnm laytrofwioding sballbc ccmsidcrdZnSce
figure 1l(d).

Misaffgnsdrnm. TlwastabaU beaUgnsd w0h5de~0fah~ the Cultm of OX
Iwo elcurical mnnsahs. * figure 1l(e).
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30.1 .2.2.6 Damag=J magnet wire. I%e magnet wire shall show no evident of being chipped, nicked, or olhcr
wise damaged. See Iigurc 1l(f).
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● Core

rdrlc

(a) Typical power
corretructlon

Lead

Core

(c) Typical D-core

Ion

e

(b) lyplcel.E-core
corretructlon

External

I wkrdlnga

(d) mbl! tOddd COre
conetructlon

FIGURE 5 (1 of 3). A tyPkd bmnsformerbh=tor almtrmliml (see 30.1.1).
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Coil

Final w

Inaulatlon margin

FIGURE 5 (2 of 3). A ty@cal tmmfonoedimlnctor mns~n (see 30.1.1).
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Cdl wires wllh tape

ford,e,e.r,c.ren@~ b

layer under requlrad

B:_/Cdl wires with tape layer
over required for

‘o mechanical protection

Trim to length before
eolderlng

*

Lead

+

Tubing or Insulation “ Solder
LOOP (5.5.1 2.3)

Ineulatlon

L

~ --::
:, ..&: lui

.- .?.:L 3

Tape

(--%’nnection should tra flat

e
FIGURE 5 (3 of 3). A t#ef tmrtsformdnductw como-uction (Stc 30.1.1).
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Y

@

o0

x z

0

Y

x& z

FIGURE 6. Axisl ot-kntaIIw (= 3R1.L1).
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●

Solder ball reducing conductor

Ithln

Iangth

FIGURE 7. Unrmeplable extraneous material (eee 30.1.1.2.1).

‘o

[

(9) Coil wire does not contain stress rellef
loopor bend mlnlmum3x wire diameter

(a) Termlnaflon to exit surface less than

r 0.125 inch.

(b) Termlnatlort.to-tarmlnation or unlnsuteted

.. [wlr*t*wlmsePamtlon l=ssthanO.0601Mh. ‘
ated wire-to-wlra aepsratlon tess than 0.060 inch

termination to conductive case lees than 0.030 Inch

estemal surface on molded parts tees than 0.030 Inch

s to conductlva case or external aWSCS lees
inch unless adeouefe bamter lnSUIStkM Is

provided. In no case shall Iibe Ieee than 0.010 inch.

FIGURE 8. Unmcxq#able atigrmmnt nod dcamncu (eee 30.1.12.2).
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rends

plete
solder connesflon

(d) Excessive loop
(length Is not
encepsulsted)

(e) Unsuthorlzed
spllced wire

of Coil-t-ss

FIGURE 9. Unmqseble ~ (see 30.1.123).
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[

(@Excess SOlder at connection
Incrasslngjunctiondlsmater
>150%

(a)Frayed wlra
st connactlon

(c) unautnonzadcoil wire
connacllon

r:i”sl%Or‘ncomp’tie“der
(e) Wire panicle wlthln coil

/

(t) Cracked or damaged coil

FIGURE 10. Urmccqaabk ~ damage - tomldal com (~ 30.1. IJs).
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r I /

(c) Leedeout of ~(d) Loose winding

alignment 5“ I
J

#
s

(f) Damaged coil wire
element

(e)Core mlsellgnmem

FIGURE 11. UnacRprakk worfcmamkip for rdo Crujrrency cmik (see M. I.Z.Z).
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