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M2L-STD-415D

!

TSST PsOVISI~S PDS ~B2TR~2C SYST= & x3SOC2AT~ SQ12PNSW2,
DSSIGN CRIT~2A ~

1. BCDPK

1.1 Coverage. - fiis standard establishes dekign criteria for teat provisi.au
that permit the functioul and static Par-tern of electronic syet?=e and .smtiiated
equipment to be monitored. evaluated, or isolated. These test pr.n.ieiormcmi,sistof
tbe followins:

(a)

(b)

(c)

An external teat receptacle for connecting ●utanntic, aemt-aut~tic,
or rmuml checkout equipment or autatic monitories equipment
(eee 5.2.2).

A built-in test capability (Bee 5.2.3).

Test pointn (eee 5.2.4).

1.2 P.mv.me,- The purpose of this standard is to provide test prOViSLOM that
will adequately support a defined maintenance cantept.

1.3 Classificatia of test vrOvia&~& - For the ptrprne of this ●tmdard, teat
provisions are cl.sanifiedby che item level of -int enauce thy are to support. S0r90
proviaione nny Buppnrt more than one malntenance level.

1.3.1 clans A test provia10U.9.- Class A tent provislma evaluate it= pcxform.
ante of the equipment. 2111sclass provides the _ to detarmlne if the equi~,

),. function,us within the performance limits specified in the apecificathn.

1.3.2 Class B test Provi8ion8. - Class B tent provieimts ioolate nulfuntthta
co a replaceable unit. (RIJ).

1.3.3 Class C test Dr0visicat8.- Claaa C test provisims Inolate nmlfuntti.ans
to a “replaceable module (NM or other replaceable aasembly.

1.3.4 Clams D test ProviBion8. - Class D test provielona &ntslst of te8t pointe
(jacks, terminal boards. circuit junctions, ~ so forth) that imolate msl ?%nttl.xtaOf
@xlules or other replaceable aasembliea t~t have fixed circuitry (suth aa printed
cfrcuita, circuit cards, assemblies, and so forth) to an individual circuit and piece
part level.

2J RsFnskmcm ~s

2.I The following document, of the issue in effect ,m date of invitation for
bids or request for proposal, forms a part of this standard to @e =t~t ep~if~~
herein:

H22-STD-1672 Numan Ihts+erfng DtsiExIcriteria for )Ulitary
syBtalut4, Equipment ●nd Facilitim

1
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(Copies of specific.tiom, atmdarda, drawinge, and p.bllcacioruarequired by
Supp/iere in connection wit’ specific procureaumt fun&tions Bhculd be obtained from
the praxrfng activity or as directed by the contracting officer.)

3. DSP13UT1U?S

.3.1 m

(d

(b)

(c)

(d)

(e)

(f)

(8)

Ctlrtcaused in this mtandard are defined ~S folL-:

Test DCOViak’q e: TM capability for evaluating the performance of
and teatin$ the prime equipment unit, mcduie, assembly or part.

~ A nonspecific term used to denote any unit or product including
materials, parts, aubaaemblies, equipments, accee.s.xieaand attachments.

Automatic test eauimnent (ATE): An equipment that ia designed to auto-
matically conduct analysis of functional cm static parameters, evaluate
the degree of performance degradation and perform fault isolation of
item malfunctlone.

(1) Automatic monitorirrsequivme.nt (ANS): An equipment that is
danisned to ‘atitonmticallyconduct analysis of functional or
degradation.

(2) Auto-tic checkout w uirdnentUCE): b equipment designed to check
functional par~tera and to perform fault isolation of item mal-
furlctlm.

Teat point: A convenient and cafe acceee to a single point in a
circuit or methanlsm uned to measure or inject a aignificant quantity
for the punpoae of evaluating or troubleshooting the circuit mschanimua.

Replaceabla uait (RU): Any unit that is designed and pacbged to be
readily removed nod replaced in an ●qui~enc 6yscem without upnecassary
calibration or adjuacmxit.

Reslaceabla modUle (w : An item that is designed and packaged in an
SO for ready removal and rcipl.acemknt.

GO-NO-00 tm.tine : A aet af terms (in colloquial usage) referring to
the condition or atace of operability of a component or system which
can have only two pa%eters, “VW functioning properly, or “NO-GO”;
not

(1)

(2)

functioning properly. An indicator shall be provided.

Resezrce teeta: Presence teste verify the pzeeente, or absence,
of item signals or characteristics. Such signale or characteristics
are thoqe,which are not tolasance critical to oper.sti~ of the item.

Ccxmlaritiva tenca: Cc=v3rative teste cmpare item signal or
characteristic values with a specified tolerance band and present
che operator with a GO-NO-CO read~t; a ‘CO” for signals within
tolerances, and a ‘%O-GO*’for nignals at of tolerance.

.0
..-“
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nun LnAl te8tins: Teating that presenca re8ulta M an indicator that
baa tolerance bande for e.valuatinsthe ●ifmal or chuactu~tic king
tested. (For example: a sreen band misht indicate an accaptabl. toi.
erance ramse; a yellcu band, a tolaranta range rtQrU_tiIIS -ratld
oparatiaa; and ● ted band, ● tolarance that la tiatisfattczy for
operatirn of tbe item.)

guantit.stive.testi~ Ttst~ that -itora =“ -US- ‘tbi●POCific
quanttty, level, or auplitude of a cbuact=ist it to WalUta titsOpara-
tion of an iteO. 2he autput of stxh t88te are pres8at9d u finite or
quantitative values of tti asmciated cb.lratt=i8ticm.

4. G=SSAL sSGV2SEIW=TS

4.1 Aor!licabilitvof standard.- The requiremnta of thf.sctamdart+shall ●pply
co the extent specified by the referenci’bssP=ifi=atiOn Or t~ c~tr-t.

4.2 ADalvsiB.- The contractor shall analyze the item dastsm to detanmi!iathe
test prwiBions chat are required for oper.stia and -intem.mice. ti. type, -f,
and configuration of test provishu shall be cmtpatible with * item IMinCaUUICC
concept approved by the procuring activity. Uhen tbe catract requires a guiddace
m?.etf.ngthe analyais sbnll also be governed by the decisi- mnde 8S a raault of the
meeting.

4.2.1 llm cmtracmx shall crnsidar all levels at *2ch the itan is to ba
=intained, such as orgaatzatlon.sl(flight line/m-bowJ/an-alte), imttiiate, or
depot lewela of maintenance. In detardning the teat pravtiiarm to be provided, thr
contractor c.hal1 take into ●ccount the envirmts in *ich tha it@m U to k -tn -
tatned and the skill levels of the personnel who will usa tha t-t provision.. He
shall insure that all significant factort!affecting malntanance of the itrm ●re ccn-
nidered. Inberatt self-test capabilities shall ba cauider@d. 23!-contractor shall
insure a minimm of duplicacica in the .capabilitieaof t-t Provisiotu ultinmtely
du ided UPOU .

4.3 guilitv m sarance.- Test provisi.anashall met ●a ‘amlnffum the SUM dtsign
requirements and quality assurance provlsi.ms spetified in the applicable ap.cifi~ati=
far the item of which they are a part.

5. DSIAIl i’@IWlRS14SMS

5.1 peaimt<- Teat provinioma nhall be provided ti ittma to facilitate performa-
nce evaluation, maifunctica detectim and correctlan, and tMint_O. * specific
test .proviai.maco be designed no part of tbe item shal1 depcmd upon the operatimal
and maintenance demanda Placed m the ittm by the =inteamnce ,c=ept. and imcluded
in the item ape-sificatica. Tlw design of test provimiau till ac.surethat chair
operation is nimple, fool proof, and fail t3afe. Their c-laity shall be miniais@,
comsi.scentwith the achiavemmc of the req.ir.smenteap=ifiad ID titsitem specifica-
tion and this nt.md.srd.

5.2 Test capabilities.- Test provisions .@ Illadhere to the ieneral design of
5.2.1, and .4M11 include one or -e of the tedt capabilities specified in 5.2.2,
5.2.3 and 5.2.4, an defined by tbe nminten.mtcecmcepc.

I -,.,
.L
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5.z.1 ~

_p

.-.’

5.2.1.1 ~- ..m dasLgn of teat praviahna ●halL permit ●ccurate,
decisive, end repeatable measurememtn of item cbaracteristica 8ad paramatero. The
accuracy of tasting or sensing circuitry shall exceed that of the characteristic or
parameter being tested or aensad co in8ure the effective implementation of the
maintenance concept.

5.2.1.2 Maintainability<- Tent provisions shall be such that their maintain-
ability is cc.nalatentwith the maintenance designed concept and the maintenance
req”j:eme”t~ of the equipments into which the test provi6ionn have been incorporated.

5.2.1 .2.1 To the U* extent practicable, mcdular construction shall be used.
The arrangement ,and moupting of parte shall be t?uchthat teat provision malfuncti-
can be readily tnelated and the cauae of the malfunction corrected by simple repl8ce-
ment of ❑uiulea or parta.

5.2.1.2.2 Accesaibilicy of ttat provision shall be consistent with the require:
=nta of 1.3.

5.2.1.3 P= radation and d= e<- TtIedesign or use of test proviaiona shall
mot desrade the required performmce of the item in wbicb they are contained. The
provi.skxtsshall mlao be provided with adequate overload or decoupling protec.fionto
insure that the proviaiona are not damaged by.item signals or cbariicteristicawhich
IWIYaxceed Specified tolerances,

5.2.1.4 itl~trCJmRImtic laterferance (EM).- Teat provimi.ma shall meet tha
S?U roqulrementa of the item ●pacification.

5.2.1.5 Wa&zht and sD.ate. -

5.2.1 .5.1 The selection of parts and design of test proviaione shall be .wch
chat the provlahts are incorporated in the item with .smininum addition of weight
and epac.eand consistent with other design ccpstraints. The ccmtracto~ shall mtke
maximum use of state-of-the-art miniatw ized components and miniaturization techniques.
uftenintegrated circuit design in practical, it shall be mployed to the naximum extent
possible.

5.2.1.5.2 Unless a deviati.m is obtained from the procuring activity, the weight
of test provisions incorporated in airborne equipaue.ntnhal1 not exced three percent
of tbn woi@t of the item in which it 1s cmtained.

5.2.2 AutcauatLccheckout add automatic mmitorinn capabilit”ies.-

5.2.2.1 Autmtic checkouc capability. - The autmuatic checkout capability shall
permit autcawic checkout equipment (ACE) to conduct analysis of functional paramttera
of an item to evaluate performance and to determine lccatlon of a malfunction.

.“
5.2.2.1.1 Am licabilitv of tk.stprovision classes<- Clasps”A, B, .C, and D test

provisions nhall be applicable to the autcakstic”checkqut capability.

4

I
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5.2.2.2 On-board/m-Bite aut~tic -ltO~lnE cavabl~ - ZIIeon-boardlon-atte
nut.amaticmonitoring capability shall permit automatic uaitoring equipuant (Al@ to
cmtduct analyein of functional or static parnmetern of = item to evaluate the dasrea
of performance degradation and to determine location of a nulfuncti.nt.

5.2.2,2.1 APDlicabtlitY of test Pr0vi8im clastI&s.- Clans A, B, and C ttit
provision shall be applicable to the tm-baard/on-site autan.tticmcaitoring capability.

5.2.2.3 Saternal receptacle(a) ,--A“tamatic cbeckaut or aut~tic !mnitoring of
an item shall be accomplished by che availability of an accessible electrical recept-
acle that 16 flush mounted on che item. The electrical receptacle(s) for aut~tic
checkout and monitoring shall be readily accessible for cmtnettirn to ACE and AllB.
when ACE receptacles are available on the item, MB @hall maka qaximum ,yseof these
receptacle.

5.2.2 .3.1 l%e -temal receptacle will be utilized by either aut.anatic,s.smi-
autanatic, or manual checkout equipment.

5.2.2.3.2 Ttieexternal receptacle(s) shall be provided to facilitate the autcmatic
checkout capability or cbe autmntic monitoring capability, even thmtBb a built-in teat
capability or test points exist in the design of the item.

5.2.2.3.3 The arrang~nt of receptacle(e) shall provide IMxi!zumutilization of
the apace available on che accessible surface of the item. there aultipla recapttcles
are used, the space between such receptacIes ahal1 not be 1em than 1 inch. Receptacles
ahsll be of the quick disconnect type.

I 5.2.3 BIT capability. - ‘ihebuilt-in-test (BIT) capability shall be incorporated
.: :as required by the contract to astmre effective implementation of the defined mainte-

nance ccncept. The b.ilc-in-test capability shall ccmeist of the followirig:

(a)

(b)

Self-test proviaionn: Self-test proviniona shall be an inherent
part of an item. ‘theseprovisions shall serve a dual function: item
perfomnce evaluation, and canplementing BIT provisions to provide
itan testing. Uhen self-test provisions are practical,,the contractor
shal1 use them; however, their use shall not jeopardize the operation
or performance of the item.

Marfiinaltestinx: Uhen critical item parametem or characteristics
are subject to change or drift and BIT capabil itiee aunt be used,
these area6 ehall be tested by marginal testing techniques .sedefined
in this standard.

5.2.3.1 Applicability of teat orOvitlipuclaaaes.- Clasa A and B tent provision>
shall be applicable to the BIT capability.

5.2.3.2 BIT provisions.- BIT provisions Ehnll be added to an item for the sole
purpose”of tenting the item. They shall be eimple in de.signand operation, accurate,
.eaai,lymaintained, preferably more reliable than the circuitry providing performance,
and shall not degrade the performance of the item in which they are inco~orated.

,.-..

●
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5.2.3.3 Saee of operatLon.- BIT ptovioiona @hall provide optfmtmtcauveni.ar,ce
of use and operation. ?nO dealgn of controls and read-out devic.amshall be ouch that
they can be eaaily IMO.Iam. Interpreted by low skill peracmnel . To the nmximum extent
it hall be possible co operat.athe provi8iona with mfninr.xareference to item handbooks.
ltu?n04 for Extetna 1 equipment or tools to supplement thie testing capability shall be
minf.dzed.

S.2.4 Test POlnta L-

5.2.4.1 Deoifinatlon,- Test points eball be provided for item parmoeters and
:::aracteriatlca tiich require testing and are not taated by othcm taat prOVi SiMIS.

:$ie number of ce.stpoints shall be kept to a mlniuansbut”sufficient to provide the
s:ope of maintenance required of chmn.

5.2.4.2 Quantitative teetiW. - To the maximum extent practical, temt points
J:?JI1be “Sealto perform quantitative teatf.ng86 defined by this document.

S.2.4.3 External test Doincs.- Uhen the maintenance concept or contract
,iLcectsexternal test points be provided, they will he’limited to fulfilling the C1.SS6
i and B test provision requirentemtsof this document and shall be Iwated at a readily
accessible surface of the item. ‘Lbetest points shall provide for the connection of
electrical or ❑echanical external measuring or stbli eqdpments. Unlesa othenfise
spec if~.cd by the procuring activity, electrical cast points shall be of the jack type
design.

5.2.4.4 Internal teat rxaint.s.- Internal teat points shall be limited to ful-
filling the clam C and D test provision requirements of this document and shall be
located within tbe item. These test point.sshall provide for the cotmection of &lee-
trical.or ❑echanical measuring or ntlkli equipments. Class C electrical test points
shal1 be of the “etand-off“ terminal type. Clas# D electrical test pointo shall
prcEerably be of the etand-off type, but vhen circuit junctions are readily acc.!esible
for connection of the above opecified equipatants,the junction may be considered as a
tcot point.

J.,

‘7 ● !
....’ ,

“-’,●
./

5.2.f+.5 Mechanical teat rmints.- tien character iakicfiof the item are ca b.?
ccsted by mechanical means or the item 18 to be provided with mechanical inpuca, the
associated mechanical test points shall be designed to utilize general purpose devices
cc :..ols to the maximum extent possible. In m caae, however, shall the design of due
required testing capability be degraded to utilize e.xietingequipment .

3.3 Human engineering req”treuente. - Human engineering design criteria and
.,t..ncLples shall he so aPPlieffin the design of test provlsiow that safe, reliable,
tnd effective perfo?mnnce by operator and maintenance personnel is achieved and pernon-
mci.skill requiremenkm and training time are minimized. The design of teat provisions
ehall”cmform with the applicable detailed hwnan engineering criteria established in
A2L-sTD-1472.

5.3.1 Hi!zhvoltaKe hazazd.- When operation or maintenance of an item employing
potentials in excess of 300 volts requires that these voltagea be mtaaured, the item
shall be provided with test provisions so chat these voltagea may be meaaured at
potential levelo of leas than 300 vOltB relative to ground. The above voltagee shall
!,econotrued as applying to direct current (de), alternating current (at), and dc Plue
ac voltages.

6
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5.3.2 t4rrkinnand color cutl~-

5.3.2.1 ktsrkiu of teat BOintS.- All test pointS ●hall k PO-OUtlY l-bd~
to provide the clearest designation poaeible, both in terau of identification and
legibility. Particular attention shall be given to the envirornmntal conditions under
which the test point mist be”identified in the ●qui~anc installatimi. *era ●pace
petite, a complete vord description of the cast point shall ~ Pr_W~. ~h~k

* carefully cho.renabbreviations or reference charactera may be ueod. If possibla, the
. within-tolerance range to be mea.gured.acthe test point shall be intluded in the label.
Waterproof ink shal1 not be considered rm a perrwtent msrking unless Ouitably protected

~ agaim,t all environmrnte to which it will be exposed.

5.3.2.1.1 )tultiple tent uointa. - klten sequential te.stina is required, trkt

points shall be grouped in a line or matrix reflecting the aequency of tests to be
made. &r outlined matrix array of ce.rtpoints shall ●lao be umd Ann nmrltipleteat
points are aaaociated with & single syetero. Each t●st point shal1 be assigned an alpha-
numeric designation and appropriately referenced in the applicable maintenance inmtruc-
tiona.

5.3.2.2 Markinltof meters ~- Ple.tersshall be no mrked that they mry be read
with e.sac,accuracy, and .rpeed;and when a voltage or current is to be held within
limitn corresponding to a given sector of the meter scale, that ●ctor shall be claarly
nurked for eaae of observation. itstereused in conjunction with adlector switch rnch-
anfsma shall be dimilarly labeled ,according to space lfmitatioru on the meter ftie.
Otherwise, the subeyetem or circuit designst ion and within-tolerance range shall be
oecified at each switch position. ,.

5.3.2.3 Color codi~ of teec Oointtl.-

5.3.2.3.1 All external test points shall be ‘color ceded to provide an indication
of the type of ai.gnrlto be obtained at that point. Iltafollowiw shall ha the mink
color coding required:

(a)
(b)
(c)
(d)
(e)
(f)

Less than 120 volts ac: tiito
120 volte ac and above: Uhite encircled with red
L.e.sathan 28 volts dc: Red
28 volts dc and above: Red ancircled with red
Chassis ground: Elack
Reference ground other than
chaaaie 8t.JUUd: Gray

NOIX: Em ircl&%rt denotes danger.

5.3.2 .3.2 ~ditional color codin8 of test points ●ball bo ●s dolintmtad in the
applicable specification.

6. NOIFS
,..

,. ,., . . .
6.1 Intended use<- This document is intended for US4 by the project engineer and

the prccuring activity to est.rbliehtest provision requirements for the it-.

7
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6.2 Ordertnn data~- To implement tlie
ual dceuments should Include the following:

require.mente

(a) mr.ce m e e tin fi : A meeting between the
acti,.ltyto provide the contractor with nystem or equiwnt nnd AM

of chin etandard, contract-

contractor and the procurin8

guidmce relative to tho item maintenance philosophy and required test
provieiona.

(b) Identification of the specific test capability and class of test
provisions required.

6.3 Data preparation instructions.- Data generated by this document h not
deliverable unless specified on the Contract Data Requirements List (DD Form 1423),
referencing tbe ●ppropriate da”caitem descript i.m in the Military Department ‘a Author-
iZd Data Lint (ADL). The data required by this document in as follows:

6.3.1 The contractor nhall prepare teet proviebns of the item in accordance
with the followi~, but not limited to, described detail and format. It shall provide
sufficient information to permit the reviewer to determine the type, amount, and con-
fLguration of test provisions proposed to support the item’s maintenance cnmcept.
Unless specifically required by the procuring accivity, the.block diasr~ shall nOt S0
below the lcwe.stRI or fixed circuitry requiring teeting.

6.3.2 The contractor ehall prepare + functional block diagrti of the item,
identifyi.ngitem(s), nomenclature, part number with description. OPeraci~al functi~a,
teat capabilities provided, and, vhere te6t provisi.me terminate in an electrical cOn-
nector, the connector shall be identified in accordance with USAS-Y 32.16 - 1965, and
their physical location shall be indicated.

6.3.3 The contractor shall also prepare additional functional blnck diasrems of
the item (SD, RIB and essential fixed circuitry) identifying test provisions for the
class levele required. This block diasram shall identify the electrical characterls-
tics for each test parameter (functional entity) and the test termination in the test
comector (receptacle) by pin number. Ihe term “functional entity” an uBed in thic
document is intended to identify circuits required to.perfomo a Specific function
such as, IF or AP amplifier, oscillator, power B“PPIY circuits, and .SOforth, used I
checking normal or abnormal performance. I-e event the functional 6Ch-tic dia-
gram is overly complicated, the contractorlm.sybe.permitted to generate additional
functional schematic diagr- of l-- l~el teat protitona that can be c-related. ..

with Che minter twctl onal alagram.

!6.3.4 The con ractor shall pr

r

re a table of information which CLUI
%:’ycorrelated with the teat Proviabn information included on the block diagram.

table shall include. but not be mitad to, euch information as listed below, vlten
this is essential for te8tins Prirposea.

(a) Tolerance
(b) Te6t provioion interrelationehipe
(c) Impedances,
(d) Ground returns

I
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(e) LoaditW
(f) waveforum
(s) Teat equipmenc required

6.3.5 The contractor sha,llPrePare a briaf theOry Of OPaXaci~ for the end item
which ShSII be directlY correlatible tO the bl=k d~asr~ ad Ohall be Of •uffict~t
engineerins detail to pe~~t a cl-r under~tamdi~ Of the inf0-t fm incorporateed in
the diasranM.

Custcdiana: Reparirtg activity:

--= Air Force - 11
Navy - SN
Air Force - 11 Roj . Ho. UISC-OSO?

Reviewer activities:
- - Au, SL
Navy - As, fz2,SH
Air Force - 13. 17, 19, 22. 82
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INSTRUCTIOM: In c mnkinuins effort @ make our standardization doc.menu betker, kb D.aD p?widei khb form for u in

mbmitk@ COmumllti and m#geaUoM r. improvecacnu. All -n ofMiubrysamisrdiutlondomtmanh- lrmkmdka~rld.
~akions. ‘fhbformmay bedolacbed,foldmidonstb.linesindicatad,kapd alongtlu1- odes(00 NOT s7!4PLE),ad
mdbd. InMock 6, L= n sswliii u Wbh about m’ticuhr mnbbm - sad u mn’d@ wbleb rwdrd Lukaqawtitiom, -

h tkid, =Uicfkm, hxom, uabikuous, . . . Ir=onuxthlo, and b= prc.pcuodwcmlhu ~ dilcb would allwiata tfu
pok.bnm. Eatm in block 6 any mmub mot .Ia!od to . .puiOc puumpb of kh donuncnt. If bkk 7 b Ohd out. m

mcknodmdmnnnt d] h mdd * YOU wkkbio 80 tin ko I@ YOU know &i YOU eommmmki “m dud and am kti

cmddcmd.

NOTE: ‘his form may WI be .d kc. twuuak mpie ofdorummifs, war ka mquat ninn, Mom, w elarifkakkm of
cpcciflcakionmkuirammu on mumnt coatmcfs. C.mmmemkicukdtked on this form de not c.mdlkuke or imply .uflm?’hkio.

to nh an Won of the referenmd docuua.t(d or t. amend contrutud mquim-~.
4

(Fold do.u WI h)

m.

(Fold don, ,hb h.)

9EPARTMENT OF THE AIR FORCE
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