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l!lL-STD-& 501
tmT1cE 2
15 February IW4

MILITARY SIA1lDARD

STANDARDGENERAL REWI REllEtlTS FOR ELECTROI{lC EDUIPREtlT

TO &LL HOLOERSOF I!l L-STO-45W:

1. IHE 60LLWIIG pAcfs OF RI L-sTEI-45411 HAVE aEErt REVISED on AOOEDAm SUPERSEOESHE pA6E5 L15TE0:

t(Eu PAGES

1-1
1-2
1-3
1-.5
1-5
1-6
1-7
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1-11/1-12

8-1
8-2
8-318-6

37-1
37-2

3?- 1
39-2

6.?-1 162-2

76-1176-2

OAIE

15 February tWI.
15 February IW4
15 February IWL
15 February IWL
15 February’ IW4
15 February lWL
15 February 1W4
15 February 4WL
15 February 1W4
15 February IWL
15 February lWG

15 February 1W4
15 February lWf.
15 February IW6

15 February 1W6
15 February IWL

15 February lWf,
15 February lWf,

15 February 1W4

15 Februsry 19%

SUPERSEOEOPAGES

1-1
1-2
1-3
1-4
1-5
1-6
1-7
1-8
1-9
1-1o
1-11

8-1
8-2
flEu

37-1
tlEU

39-1
tlEu

62-1

71.-1

DATE

3 Ray lwl
3 nay lW1

SO June 1989
SO June W89
30 June 1989
SO Octc+er 1997
30 June 1989
M June 1989
30 June 1989
30 June 1989
SO June 1989

SO Apri( 1991
Y) April 1991

---

20 Septecber 19S4
. . .

20 $2ptecber 1988
---

12 February 1924

1S Decder 1989

2. ME THE FOLLO+lffi PEN MO INK CHANGES:

a. Page iii, Forward: In line 4, delete “eleven- and substitute “Cull iple-.

b. Page iii, de(ete “NIL-E-5LW and substitute ‘IUL-S1O-SLMI”.

c. Requirectnl 11, psge 11-1, wragraph 2: Oelete ‘H IL-P-18177- and substitute
‘HIL-I-2476W2, /3, insulation, Plastics, Lminmsd, Thermaelting, Glas8-Clo:h,

Ew.y-Re~in CGeb)-.

Page 11-2, p+magraph 2: Oelete suffix letters frw AIIS doc!nents. Oelete “-81” fr.m
ASTR D3293 -81

Page 11-2, paragraph 6.5: Delete WIIL.P-18177- md substitute ‘II IL- I-21.76W2,
111L- l-247tW3-

0
A!!SC t41A 1013
DISTR1SUTION STATEREIIT A. Approved for public release; distribution is unlioitsd.
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MI L-STD-I.54N
NOTICE 2

d.

e.

f.

9.

h.

i.

j.

k.

i.

Req. immnt 26, page 26-2, table 26-1: Dekete ‘WIL-P-790, and ,WIL-P-997,< with material.
and associated data and substitute ‘,MI L-1-24768 ins. Larion, PLastics, Laminated,
Thermosetting, Types; GlfG and GSG,>.

Req. ire.e.r 46, notice 1, paragraph 2, j : Delete i“str. ct ions t. delete 111L-it-13787,
MI L-H-17054, MI L-M-19167, and MIL-M-19283. (Documents not referenced in ?eq. i.ement L6. )

Requirement 1.7, page 47-1, paragraph 4: 1“ 1.s1 .ente”ce, i“wrt a perioc following
‘Sacti. iry<s and delete remainder of the sentence.

Requirement 50, page 50-2, table 50-1: Interchange headers: NIL-L-6363 and MI L-L-7806.
Delete ,W+L-CU3111,, and ,’u-L-C0116,, .

Requirement 52, page 52-1, paragraph. 2 and 4.1: Delete ,,F-F-300,’ and add ,,ASTM F87,1.

Requirement 55, page 55-1, paragraph 2: Detete ,’E1A-31 O-C”; .ub.rir.te ‘,EIA 277$,.

Requirement 56, page 56-1, pavagraph 6.8: De(ete lasr senremx.

Requirement 67, page 67-1, paragraph 2: Delete ‘IEEE 200-175,, and subst irute ,,lEEE-2 W,’.

Requirement 76, page 76-3, paragraph 2: oe(ete ‘,DOO-C-850&5qS and substitute
,,HIL-C-85045’,.

Page 76-3, de(ere 301EC-693-8W and substir.te ‘,l EC 693$$.

Page 76-3, paragraph 4.2: Delete ,“lEc-6’? 3-80,, and substitute ,OIEC 6935$.

3. INDEX OF APPL1CATIOII DOCUMENTS11-1. MAKE THE FOLLOUItlG PElt AND INK CHANGES:

Page 11-1 through 11-8, Index 1: l“sert the follwing doc.m.ts in number sequence:

Mi litary standards Req. i rement

MI L-STO-499 77
NIL-STD-973 72
lilL-sTD-2036
MI L-sTo-1326
NIL- STD-1388

FUO
77
1, 77

MI L-sTD-1814 77
MIL-STD-2196 (SH) 76

N.. Go.er”ment doc. me”rs

ASTfl - F7166 77

Other G..ernme”t document.

AFGS - 87256 77
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HIL-STD-45W
NOTICE 2

Page 11-1 thrwgh 11-8, Index 1: Delete the follcwing dacueems:

nititary stc.ndards Rmuiresent

U-L-CUS1l so “
u-L-CCn16 50
nlL-P- 13949 17
HIL-C-2ES09 17
HIL-C-2SW0 17
HIL-P-50SW 17
RI L-s TO-275 17
nIL-STO-211S 17
HIL-sID-2119 17

Non GOverwsnt 00c.cents

NIsIIIPc-ou-I.25111 17
ASTM A122-86 LI
ASTR A139 IA139R-W &l
ASTM A1511A1511k89 l.~
&STn A206-&&lA2C&-S7 L
ASTI! A520-$Q 67

Page 12-2, Index. 2, subject listings: Wd “Integrated Oiagm$tics, Requirement 77”.

RETAIN 7H1S I02T1CE MID INSERT BEFORE TA8LE OF cOllTEIJIS.

Wlders of HIL-STO-L5411 ui 11 verify that pge chn%ea and additims indicated akove have bem entered.
This notice page will be re;oined as a check sheet. This issuance, together .ich appended pages, is a
setmrate publication. Each notice is to be reteined by stocking points until the I!ilicary Standard is
cO@etely revised or canceled.

CONCLUDIIG NATERIAL

Custodians:
Amy - ER
ttc.vy - hs
Air force - 11

Reviw activities:
Amy - AR, AV, CR, HE, Ill, Pl, TE
ILavy - EC, 0S, SH
Air force - 17, 19, 85, 9$

Other:
OU - ES
FM

Preparing activity:
Air Force - 10

Agent:
OLA - ES

(Project GORO-0S47)
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MI L- SID-f.5 <11

REDOIREffEftr 1

SAf ETY oEs IGII CRITERIA - PERSDllllEL HAZARDS

1. w. This requirement establishes safety design criteria md provides g.<de lines for per$mnel
precect im.

2. cmcuaent$ .motimbte to Requirement 1:

nlL-El-5W7

M1L-S1D-131O

NIL-SID -1472

RIL-STD-1818

RI L-HDSS-600

lEEE/AIJSI c93.1

AIISI C95 .2

ANS1 IQ. 1

ANSI 1535.1

AflS1 z535.2

Arlsl 1535.3

AIIS1 1535.4

AM I 2535.5

ttf Ph 70

10 cfR 20

21 CfR 1OOU-103O

29 CFR 1910

Asrfl F-llm

wing, Electrical, and Lighmiw Protection, for Aerospsce systems.

shipboard Efanding Grounding, and other Techniques
for Etectr=gnctic Cocpc.tibility and Safety
Shielding.

n-” &-.gi”eeri W Design criteria for niiitary
system, Equipsent and F.sci(ities.

Elect rm9gne1ic Effects, Rsquire-ts for System.

Guidelines for Identification, Hsrkings, Labeling;
Storage, and Transparlation of Radionttive
c~ities.

IEEE Standard for Safety Levels with ICespeCt to
Huann Exposure to Radio Frequency E[eel rossgnet ic
fields, 3 kHz to 300 GHZ.

Radio rrequency Rndiat ian Hazard Uarning Sytil.

Radiation Sycbol.

3-9fety Color cede.

Envirmmml and foci tity safety Signs.

criteria for sofety Syclx.ls.

Product Safety Signs ard Labets.

Accident Prevmt ion Togs (for Tecpornry Hazards).

National Electrical cede.

Ctie of ftderal Rcgulac ions, 7itte 10. Chapter I, Part 20.

Code of Fcdernl Regulations, Title 21, Chspler 1, Parts.

code of federal Regulation%, Title 29, Chapter IV1l,
Part 1910.

Hutan Ewi.eering Design for I!arine Systeas,

EquiPrnt end Faci litiea, Standard Practices for.

Supersedes
REOU1REIIEW 1
3 say lW1 1-1

REOUIREICEI1l 1
15 February IWI.
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3.

3.1

MIL-S TD-L54N

Definitions

Chassis. elecr? ical equipment. The chassis is a structural item fabricated in such roanne. as to
fat? lirate .sse.bLaoe and interconnection of electrical w electronic items for the mecif i. mmnme of

pro.j ding a basis fir e~e.tri.al . . electronic circuits.
,, ,..

It norm.lky has dri L1.ed or stamped holes to
acc,muccdate the item but my include cmly the item, necessary for its own rmumi”g and s.ppurt.

3.2 Co..er’c ial off-the-shelf (COTS) .Sq. iment. Co..erc ial off-the-shelf equipment that c.” be purchased
through cm..erc ial rerai 1 or wholesale disr, ib.tcms as is (i .e. , equipment that is a.ai lable as a cataloged
item) or with only minor mdifi carions that do “m alrer ir$ essential per foma”ce or f.nctic.nal
characteristics. Mcdif ied COTS is commercia( hardware that requires factory Lw2difi. ations for Government
procurement and use.

3.3 ~. The frame is any c.nstr.cticm system fitted and united together, designed for mcm.ti”g or
s.pporti”g electrical o. electronic parts or units.

3.4 Fail-safe, The design feature of a part, unit or equipment .hich allow. the item r. fail only into a
non-hazardous, mode.

3.5 Inter (ock. A. interlock is an automatic or man.alky operated device or switch which elimi”ares IJ(l

F.,, frO. the equi PmE.r he. a. access door, cower or plate is removed.

3.5.1 BYuassab(e i“terhxk. A bypassab~e interlock i. an automatic switch .ith a manually operated
elect ri@L bypass device to allo. equipment maintenance operations on energized equipment.

3.6 Sattleshort. A switch used to bypass norn!a( i“te. tocks in missicm critical equipment (i. e., equipment
which must mat be shut down or the mission funct ion wi 11 fai 1) during batt le conditions.

3.7 Leakaqe current. Leakage current i. that current which flows through the equipment cmd.cti. e paths to
a solidly gr..”ded source.

3.8 Procurinq activity. That unit of the DoD which originates a procurement docume”r for- equipment or
hardware.

6. Req”i rem,nts

I..l Commercial off-the-shelf (COTS) equipment. Commercial off-the-shelf equipment that has been lisrec or
certified by .“ appropriate c.amme.ci.g~ standard by a Nationally Recognized lest LaLwratOry (NRTL) (e.g. :
Underwriters Laboratories (lIL), Canadian standards &ss.aciari.an (CSA), or TUV Rheinla”d (TUV)) shall be
.xmsidered as having met the provision of rhis requirement and from a product ?.afery perspecri. e, shall be
acceptable for use wirho. r further Modification. Modified COTS equipment which has any modification to the
Pri~,Y W,r .01ta9e (above ~2.4 volts) areas requires recertification by a NRTL.

6.2 Fai L-safe. The design and development of al 1 mi Litary electronic equipment sha~l provide fai l-safe
features for safety of pers.nmel d“ri”g the instal~atio”, .aperatio”, mai”te”a.ce, and repair op
interchanging of a complete eq. ipme”t assembly or component parts thereof.

. .

REOUIREHENT 7
15 February 19%

1

1-2

Supersedes
REOU1RE)IENT 1 ●
3 nay 1991
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ffl L-STD-& 5411

1..3 S.mdina i. hazordws are... Electronic equipmt to be !nstal led in areas where explosive or f ire
hazards exist stmtl be bonded i“ accordance with tfl L-B-5087 for mmspnce system, ffl L-sTD-1818 for Air
Force system, H1L-STD-131O for shipbmrd system, .srrd IJFPA 70, chapter 5, for grcund system, or as
otherwise specif id in the detail eq. ipnmt specif icat ion.

6.6 Tecperat.re. At c.” acbie”t Cecperat.re of 25”c, the operati W temperature of cmtm( w.els and
operating c.mtroks shall no: be greater than 49°c or 1.?ss than 12”c. The fecpera;ure of other e-posed psrts
subject to contact by OPe.&t{ng personnel shall MC exceed 6E3”C. The te~erat.re of al 1 other exposed
surfaces shall mt be greater than 70”C.

6.5 Electrical. The design shall incorporate cethods m protect pemon”el iron inadvertent contact with
voltages capable of prcducifq shock hazards.

4.5.1 ~. means shn(( be provided so that Per cay be cut off while i“%talling, replacing, or
interchanging a c~lete eq. ipmnt, assecbly, or part thereof. Interface .ith electrical power sources
shall be in accordance with the npplicab(e mg.la: iam or mq.tremn:s. If a =c.in power switch is provided,
it shall be cle.srly labeled as such and shall cut off .s11 ~er to the cocptete eq. ipmnt. Equipent the:
utilizes Unimerruptable Pwer S.ppties (uPS) shall Iw..e provisions 10 isolate the supply froo the
equiwnt.

4.S.2 =. The design end construction of equipe”t, excluding self-powered equipmnt, shall imure
that all ●xternal electrically conxf”c:ive parts, surfaces, and shields, exclusive of .s”tenns md
transmission lim terminals, are at ground patent ial at at( times duri~ nom-al operali.sn. The design shc.1(
include comideraticn of grmmd currents and VUltage Iinits (Possibte arcing) established on a basis of
hazardws loce.ticn. Antenna and :ransc.iss ion line terainals shntl be at grcurd intent ial, except for radio
frequency (RF) energy m their external surfaces.

6.5.2.1 self- rmwered ewipmnt. Self -pYuered eq”ipent shall have all cstemal surfaces m the sa,e
patmtia(.

&.5.2.2 Grcur!di ma ne:hcds. Plugs for use .ith ❑ctal cased portable 1001s and equipnent shall have
proviaian$ for aulatically Qrmmding the rmtal tram or case of tools and eq”ipaem when the plug is oa:ed
with receptacle, and the grcunding pin shall have first -to-nni. e, loot-to-break features. Grcxmd Cmectims
to shields, hinges, and other ❑echan icat parts shall not be used to cmplete electrical circuits. Any
extema( or in:ercannectjng cable, where a grcamd is part of the circuit, shall carry a grmmd wire in the
cable terminated at both ends i“ the same manner as the other conductors. 1“ no case, except with coaxial
cab(es, shall the shield be depended upon for a current-carrying ground connect i.m. static ad safety
grounds shall mt be used co cwle:e electrical circuits. fi W1.t m lhe electrically cmd.cti.e chassis
or equipenl fmse ‘halt serve a% the coman tie paint for static md safety grounding. The path fmn xhe
tie p3int to ground shall:

n. Be ccmti”uws at-d pemane”t,

b. Have acole carrying capacity to ccmf.ct safely a“y fault currents that my be expected, by
internally generated faults, to be icposed upm it.

c. Have icpedance sufficiently low to Iiait the potential clmve ground md to facilitate the operation
of the over current devices i. the circuits.

d. Have s. fficie”t eacha”ical strength of the cater ial to .i”imize possibility of ground
.,––. ——.–., ––

Supersedes
REWI REffE1ll 1

0

3JI June 19S9 1-3
REWIRE ffEflT 1
15 February 19PL
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1.5.2.3 Hinqcd or slide-ranted panels and doors. Hinges m slides sha(( not be used for grounding paths.
Pane Ls and doors cmt.ai”ing .eters, switches, test points, etc. , shall be attached or hinged in such a
mm”er as to i“s.re that they are at the same ground potential as the equip.enr in which they are munted,
whether in a closed or open position. A ground shall be considered satisfactory if the electrical
mnnecrio” between the door or panek and the system tie point exhibits a resistance of 0.1 ohm or Less and
has sufficient ampacity to insure the reliable and imediate tripping of equipment o.er-current protection
devices.

4.5.2. L Shield inq. Except where a conflict with single-point shie~d grounding requirements would be
created, shie( ding on wire or cable shalk be grounded to the chassis or frame. The shielding .ha L1 be
secured to prevent it from contacting exposed current-carrying parts or grounding m the chassis or frame at
any point other than the ground ter.i”ati o”. The shie( ding shal~ end at a sufficient distance fro. exposed
conductors to prevent shorting or arcing between the conductor and the shielding.

6.5.2.5 Leakaqe current. The equip.ent (.sakage c.rre”t shall “ot exceed 5 .i lliarnperes dc or rm. Uhe.
excessive Leakage currents are requi red by design or operational req. ire.ents, redundant grounding or double
insulation methods shall be incorporated.

4.5.3 Accidenta( contact. The design shalk incorporate methods 10 protect personnel from accidental
co”tacr with voltages in excess of 30 volts rms or dc during normal operation of a complete equipment

4.5.3.1 G.a,ds a“d barriers. All ccmtmts, terroi”als and (ike devices having .oLtages greater than 30
.o(rs rm or dc with respect to ground shakl be guarded from accidental contact by personnel if such points
are exposed to contact during direct support or operator maintenance. Guards or barriers may be provided
with rest probe hoies where minte”.mce testing is required.

6.5.3.2 Hiqh vo(taqe q“ardinq. Assemblies operating at Wr.?ntiaks in excess of 500 volts sha~l be
completely enclosed from the reminder of the asse.bly and equipped with nonbypassabte interlocks.

6.5.3.3 V.altaqe fneas”rern.mr. Uhen the operation m mi”rmmce of eq”iprmm emp(oyi”g potentials in excess
of 303 volts peak could require that these voltages be measured, the equipment sha\L be provided wirh test
paints so that these .oltages ca” be .eas.med at a re(ari.ely low pore”riak (e.e(. In no case sha([ the ●
potential exceed 3W ..alts peak relari”e to gm.”d. Test paints with voltages above 30 .o(ts shall ha.e the
conducting material recessed a distance “o less than the diameter of the probe hote and a mini m.. of 1.5 m.
If a voltage divider is used, the voltage divider resistance between the rest point and ground $hat 1 consist
of at least two resistors of equa~ value i“ paral(e(.

L.5.3.6 Gmrdinq of RF vo~taq.es. Tra”.mitter output rer.inals, antennas and other de. ice$ that carry
sufficient RF voltage to burn or injure personne( shall be protected from accidental contact in the same
manner as for a. voltages greater than 30 volts rm
(see 4.5.3.1).

4.5.3.5 Main power switch. The power input side of the min power switch a“d the inm.i”g power line
connections shall be gi.en physical pmtectio” against mcide”tal contact.

RF0u1REMEt4T1
15 February 7994 1-4

Supersedes
REOUIREMENT1 ●
30 June 1989
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a

4.5.4 Protective devices

4.5.. f..l lncer backs. I/hen a unit is provided with access dmrs,
be interlocked as follms:

covers or plates, these access points shall

a. M interlocks me required tie” all potentials betuem 30 and SW volts ore c~letely protected
with guards or Lmrricrs to pre.mt accidental contact under all conditims of operation or any
levet of uaintenmce.

b. Bypns$able interlocks are required whm vottages in excess of ~ volts rcu are exposed es the
result of an access door, cover, or plate being opened. Note that these internal voltages are
attmmd to h unguarded cmty If they arc mt exposed during direct s.pfmrt or operator mintenc.nce.
The bypass device shal~ be of such design that closing the associated dc.ar, cover or plate ill
eutetically opm the bypass device and leave the $nter lock in position to function norrnlly.
Visual oeans shalt be provided to indicate when the interlock is bypassed.

c. N.mbypassable interlocks are required when any voltage in excess of 500 volts is exlwsed as a
result of an access d.mr, cover or plate being opened.

L.5. L.2 Ba:tledmrt. In equi~ent with battleshort circuitry, m audio and visual war”~ng systen shall be
in$tatled~i~ent. The visual .mning shall be clearly visible to Operatirg personnel. The audio
warning shalt provide a ❑m% for c.nmm~ sitencicg and autasatic reset.
not be bypassed.

catastrophic fault interlocks shall

4.5.6.3 Safetv switches. Safety switches which witl deactivate associated ❑echanical drive units shall be
provided for the purpose of disconnectiq these units without disconnecting other parts of the equi~ent.
Such rem:ely located units and assmblies shall have provisim for normverrideable safety switches to atlw
ir!depmdem discmnect ion in the associated equi~ent.

L.5.5 Discharqinq devices

6.5.5.1 fl”tomtic dischmqe devices. High voltage circuits end capacitors shalt be provided with
discharging devices unless they discharge to 30 volts or less within two seconds after fmu.?r remval. The
p9rticutar discharging device that is chosen shall im”r.? that the capacitor or high voltage circuit is
discharged to 30 volts or less within two seconds. These protective devices shall k psiti.e acting,
high(y reliable, and shall actuate a“tmatim(ly either by cechmical release or by electrical solenoid uSmn
the door or cover is opened. Uhm resistive btmder networks me used 10 discharge capacitors, the b(eeder
network shall consist of ox Least tu. equal valued resistors in parallel.

6.5.5.2 Sfwrtitm rods. Shorting rcda shall be provided with all transmitting equip=ent where voktages are
in excess of 70 volts ms or dc. Uhere sin permits, r.lwrting rods shall be stored within the transmitting
equipent, permnmtly attached, and readily accessible to mimenance pemmnel. The perr$ment(y attached
rcd shall be connected through a flexible scmmded ice (cowered .ith a tmos~rent slee. ing) to the stud
provided at the transmitter cain fraae. Uhere size does not permit internal storage of the shorting rod, o
grouding stud shall be provided to permit ottachne.t of a portable shorting red. The connectim to the
stud shall be such tfnt accidental Ioase”ing or high re$ist.ante 10 the grmmd is pre. ented.

Supersedes
REWIREIIEIIT 1

1-5
i7E0uiREHEltT 1
15 February 199430 June 1%9

a
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6.5.6 Connectors. Connectors used in .ultip(e electric cimuits $ha Lt be selected to prec(.de mismatching.
Uhere design co. s.iderat ions require plugs and receptacles of s.i. i (8. co. f ig. mt ion in .Lose proximity, the
mating p(ugs and receptacles shall be physically keyed and s.itabty coded or .arked to clearly’ indicate the ●
.ating mnnectcms. Plugs and receptacles shall not be of si. i (ar configuration if the major unit contains
explosive item. The design of the connector shall be such that the operator is not exposed to electrical
shock or burns hen norm-at discome. r methods are used. After disconnecting, energized connector contacts
sha(L be inaccessible to personnel.

4.6 Radiation. The design of .\l equipment fo? which a federal standard exist. under 21 CFR 1000 - 1050,
the Radiation Control for Meakth and safety Act of 1968, shall conform to the appropriate federal standard.

4.6.1 Micvowa.e a“d RF radiation. All electronic equipment or electrical devices capable of emitting
microwave or RF radiation bet.ee” 3 ktiz and 300 GHz shak( be so designed, fabricated, shielded and operated
as to avoid overexposure of per$onnel. Exposure r. RF radiation sha(k meet the Co.tro[!ed andlor
U.co”t rot ted e“vir.nme”t Maxi m.. Permissible Exposure levels talked out in lEEE/A1l S1 c95.1 1. areas where
u“i”t ended radiation levets exist, eq. ipme”t design and installation in a“y .“restri. ted area accessible to
personnel sha(l meet the uncontrolled environment requirements of lEEEIAIIS1 C95. 1. Shietds, covers, doors,
etc. which when opened or removed .i 1( a(baw microwa.e and Rf radiation to exceed the above, shall be
provided with nonbypassabte interlocks.

4.6.2 X radiation. AL( electronic or etectrica~ devices capable of pmd.cing X radiation shal( be so
desigmed, fabricated, shielded and operated as to keep personnel exposure as Lo. as re.$..ab1y =hie. able.
For equipment and installation design, shielding requirements shal L be maintained at all rimes which Limit
radiation Leue Ls to not greater than 2 .iLliroentge” (mr) in any one hour and 100 mr in any 7 consecutive
days at the operator position or .ithi” 5.. from the eq. ipme”t (.hichever i. closer) in a“y unrestricted
area accessible to personnek. 1. addir ion, these levels shakl be reduced whe”e.er necessary to ensure that
exp-ased person”e( never receive an absorbed dose to the whoke body or any critical organ in excess of 125
mi llirem per caLendar quarter or 5W mi Lbirem per year. Other exposure shalt be based on explication
criteria and Limits as required by N.c(ear Regulatory Commission Rules and Regulations, 10 CFR 20; OSHA
Reg. (ations, 29 CFR 1910.96; and FDA Reg.lat i.”, 21 CFR, chapter 1, subchapter J, RadioLogical Health.
Equipment which, he. shiekds, covers, dcors, etc. , are removed, will al Low x radiation to exceed 2.0 mr per
hour shatl be pro. ided .i th nrmbypassable i“rerlo.ks.

4.6.3 Laser radiation. Laser equipment and system design, instat tation, and operational and U’ainrenance
procedures shalk conform to 21 CFR 10I.O. If Title 21 cannot be met because of operational requirements, an ●
exempticm shal L be requested from the proc”ri”g activity a“d applicable mi Litary Lsser safety rccylarion$
shall be used as a design requirement.

4.7 P!echa”ica L. The design of the eq”ipmenr sha(( provide personnel maxim.. access and safety .hi Le
installing, operat i“g, and U!.3intai”i.g the eq. ipme”r. Eq. ipmcmt design shall include provisions r. p?e. e”t
accidenta( pulling our of drawers or rack mounted equipment components. Suirab(e protecrio” shal( be
pro. idd to pre.e”t contact with mo. i”g mechanical parts such .s gears, fans, a“d belts he” the eq. ipme”t
is complete and ope.aring. Sharp project i.”s o“ cabinet., door., and similar parts shalt be avoided. Dcmrs
or hinged covers shall be rounded at the comers and pmxided with stops to hoLd them open.
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o f..7.l flechanical interconnection. The design sfbs(l provide positive neans to prevent the inadvertent
reversing or aisnatching d I$tt$ngs; couplings; fuel, oil, hydraulic, and pneu~tic lims; and nechmical
linkage. Uhen pm.entim of ❑iuantching by de$ig” consideration is not feasible, ceding or nmking shall be
erployed when approved by the pr!xuri~ activity. Ceding and c.vking will not be approved as a substitute
for proper design or item involving explosive, emergency, or safety critical system.

~.?.2 he, switch 10Cal iOn. Equipent power switches shall be so selected and located that accidmtal
contact by persmmt wilt not place equipment in opem.tim.

4.7.3 Cmhcde raY tubes.
of cathcde ray tubes.

Pm. inion shalt be inccwpc.rated to protect pemccmel it-m injury due to i#osim

4.7.4 Sattery Enc Iosures. 8attery enclosures shall be vented. She enclesure design 5hall prevent
shattering, c.r fragaenti~ of enclosure parts and covers.

4.8 Equi =nt ~fetv mrkim~. ~Wer. ce.tim, etc. signs, labels and Mrkines sfw1t be used to warn of
specific hazards such m voltage, current, therml, or physical. The signs, labels, and uarkings shall be
as permnent as the norcal life exp.?ct.sncy of the equipnem m ~ich they me affixed. Guards, barriers,
and access doors, covers or plates shell b.? carked to imlic.gte the hazard which cay be present upm remval
of Wch devices. When ~ssib(e, carking sfmll be located such that it is not remved tie” the barrier or
access dmr is recovcd. Additimatly, hazards i“temol to a unit shall be mrked edjamnt to hazards if
they are significantly differmt frw those of surrcundi W iteo$. Such case wld be a high voltege
Ierninal i“ a group of low voltage devices.

a. Physical hazards shal~ be carksd with color codes i“ accordance with AIIS1 1535.7 $ifwre applicable
to electrmic equipent.

b. For ~temiels between 70 md 5C0 volts, warning signs or labels shall be in accordance with AHS1
2535.1, class 11, and ANSI 2535.4, and shalt reed, as a ni”icm, ‘UARIIING - II”sert caxinm voltage
applicable) Volts. .

c. For patemials in excess of S00 volts, warning signs or labels sha Ll be i“ C.ccordsnce with Am]
2535.1, class I and AflSl Z535. f., aNJ shall read, m a ❑inlma, “DAtffiER - High Voltage - (Insert
maim voltage applicable) Volts..

Supersedes
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d. Microwave or RF radiation warning signs shall be in accordance with ANSI 2535.1 and ANSI c95.2.
Labels shall be pro. ided on al ( radiation shie~ds to warn perso”ncl of the radiat ion hazards
i..okved .PO” remva( thereof. kny item which can emit radiation leeks in excess of those
specified in paragraph 4.6.7 shall be labe(ed. Minim.. safe c(earance distances shall be clearly
.arked. Uaming signs shall be posted in all areas having electronic equipment designed to operate
between 3 kf4z and 300 GHZ uith intended electromagnetic radiat i.” levels exceeding those in

paragraph 4.6. J.
I

(1) Laser Labels shall be in ac’corda”ce with 21 CFR 1040.

(2) Military exempt (aser labe(s: A permanent Label shal~ be affixed on a~~ .iLitary lasel
systems that have bee” cerri f ied exempt f r.. 21 CFR 10LO (Performance Standards for
Light -Emitting Prcd. ccc,), which reeds:

CAUT1014

This electronic prcd.ct has been exe.pted from FDA radiario” safety performance standards,
prescribed in the Code of Federa L Reg. tat ions, Title 21, chaprer 1, subchapter J, pursuant to
Exemption No. 76 EL-01 DOD issued on 26 JULY ?976. This product should nor be used without
adequate protective devices or procedures.

e. Shields which protect person.ei fro. X radiation shalt be labe(ed i. accordance with 10 CFR 20

f. Coding for accide”r pre.e”tio. tags sha(( be in accordance with AMS[ 2535.5

9. Ccdi”g for safety labels o“ eq”ipme”t sha(l be in accordance with ANSI 1535.6.

h. coding for safety signs regarding faci lities or the e“. i ronnm. t shall be i“ accordance with ANSI
2535.2.

i. The marking or labeling of commditi. es mntaini”g radioactive n!ateria(s shal~ be in accordance .ith
10 CFR 20.

j. Ionizing radiation hazard symboks shall be in accordance with AIIS1 P(2.1

4.9 Hazardous and restricted materials

6.9.~ Gases or fumes. The materials, as instakked in the equipment and under service conditions specified
i“ the equipment specification, shal~ not Liberate gases which combine with the atmosphere to form an acid
or corrosive alkali, nor shall they liberate comic or corrosive fumes which would be decrime. tal co the

Per fOr~nce Of the equi Pme.r or hea[th .f Personnel. The materials aLso shal~ not liberate gases which wi 11
produce an explosive atmosphere.

4.9.2 ~. Hateriaks and parts containing .erc.ry sha(( not be used unless use of mercury is
specifically required or approved by the acquiring activity.
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@
L.9.3 RadiWxt iv. mn:e. ials. Use 01 radioactive cateriots shall
regulations and shall require approval of the procuring activity.
se Lf-luaimsity.

cmfom to ttuclenr Regulatory Cceaiss ion
Radium shall not be used to achieve

/..9.4 Glass fibers. Glass fiber ~teriats shall M: be used as the outer surface or covering m cables,
wire or other items where they nay cause skin irritation to operating personnel. Ih{s does not PreCLUdt the
use of oilitary specification wire and cable. when caintensnce procedures require access to glass fibers,
such as insulation, a proper caution mte 4m.11 be provided.

4.9.5 _. Cadaius plating and devices using cadai.o shalt rat be used uniess specifically awroved by
the acqulrmg activity.

5. Infer-tien for auid.mce ordk’.

5.1 Human emineering. Hues” engineering factors affecting safety should be considered tim establishing
general or detai(ed design criteria. Rig.amau$ detailed Cperati.ana( or cnintencmce pmccd”res are not
accepmble substitutes for an inherently safe design. Hazard and safety req. irments of NIL-STD-1L72 or
ASTM F-1166 (far twrine systens, equipeent and facilities) should be used as a guide.

5.2 Electrical. Proper instruc; icms in accident prevmtian and first-aid procsd.res shou(d be given to all
persons engaged in electrical work to fully inform then of the hazards involved.

5.2.1 Shock hazards. current rather than voltage is the mat icpc.rtmt variable in establishing the
criterion for shock intensity. Three factors that determine the severity of electrical shock are: (1)

q~n;itY Of c.rrmt fLwiw thmu.ah the My; (2) Pnth of currmt lhrOWh the body; and (3) duration of tics
thst the current flows through the LwJy. The voltage necessary to prcduce the fatal current i! dependmt
upon the resistance of the t.ady, contact conditions, and the path through the body. See 1-1. Sufficimt
c.rrmt passing thraqh any pnrt of the body .i kt cmrae severe burns and hemrrfwges. Ifowever, relet ively
srnll currents can be lethal if the path includes a vital fmrt of the My, such as lhe heart or hmgs.
Electrical burns are usually of twv types, tho$e prafuccd by hem of the orc which occurs thm the bcdy
touches a high-vottage circuit, and those caused by passage of electrical current thrcugh the skin and
tissue. Uhile currmt is the priD9ry factor which determines slwck Severity, pmlect ian req. ireamts are

o

bd$ed .pm the voltoge i.vol.ed to siqiify their application. 1. cases tiere the Ca. ima c.rrmt which cm
ftm fran a paint is (em than the values shown in table 1-1 for reflex action, protectica requirec.mts nay
be retaxed.

5.2.2 !“sulat ion of controls. All c,cmrol shafts and bushing~ thereof should be grounded .hmever
practicable. AllernaliveLy, the control bobs or (ever$ and a~i atlachncnt screws that can be Ccatactsd
during use should be electrically insulated frca the shaft.
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TABLE 1-1, Probable effects of shock.

Current .a(.es (.i l(ia.peres)

AC
Effects

Dc
25 Hz to 400 Z

o-1 0-4 Percept ion
1-4 6-15 Surprise
4-21 15-80 Reflex action

21-40 80-160 Muscular inhibition
40-100 16J-300 Respiratory b(ock

OVER 100 OVER 300 usually fata(

5.2.3 Gro.ndinq to chassis. Ground connection to m’ electrically conductive chassis or fra.e should be
.ec,hanical Ly $ecumd by soldering to a spot welded ter.inal tug or to a portion of the chassis or fra.e that
has been for.ed into a s.a[dering lug, or by use of a t.errnina( on the ground wire and then securing the
terminal by a screw, nut, and lock-washer. The screw should fit i. a tapped hole i“ the chassis cm fra.e or
it should be held in e thr.augh-hoLe by a nut. Uhm the chassis m fr. me is made of steel, the .etak around
the screw hole should be p(ated or tinned to provide a corrosion resistant connection. uhm alumi”ura alloys
are used, the ❑etal around the grounding screw or bolt hole .ay be covered with a corrosion resistant
surface f i lM onLy if the resistance through rhe f i 1. is not ore rha” O. W2 oh.. Hardware used for mxmting
of .eters., switches, test Wi”ts, etc. , should be grounded, whenever possible.

5.2.4 Accidental contact. Suitabte protective measures are defined i“ table 1-11

5.2.4.1 Iii.qh .zurre”t protection. Power sources capable of supplying high c.rre”t ca” be hazardous
regardless of the voltage at which they operate because of the arcing and heat generated if m ar,cid.mtal
short circuit occurs. All power buses supplying 25 amperes or greater should be protected against
accidental short circuiting by toots, je.elry, or removable conductive assemblies. This may be acccmp (ished

by one or ~re Of the fOttOwi.g:

a. Use of guards .md barriers.

b. Sufficient space separation to prevem short circuits.

c. Caution: Safety signs and labels,

5.2.4.2 Interlocks. various equip.e”t de$ig”s require different approaches to the use of interlocks.
Interlock use does mat mcdify any other requirements of this standard and must be consistent with equip!mmt

Or sY$tem sPecif~ catiOns. Equipment sub-assemblies Ope.ati.g i. excess .f 500 ..lts should be considered
guarded from .=~dentaL cOntact only if they are co.p[ete(y encbased from the remainder of the equipment and
are separately protected by nonbypassable interlocks. (An example of an equipment where such
compartmentalization is desirable is a display unit which uti (i.e. a high .oltage power supply for’ a cathcde
ray tube. ) Modularized or sealed high voltage assemblies which are opemed only at depot level are exempt
from interlocki”cj requirenm”ts when opproved by the pr.acuri”g acri. ity.

5,2.4,3 Permanent ter. i”ations. Terminations wch as so(dered connections to tra”$fomners, c.mmxtors,
spLices, etc. , which are mxma[[y permment and mat used during routine maimemmce testing, my be
protected by permanent i“sulati.m such as shrink slee. i”g, tubing, insulating shiekds, etc.., provided the
material is rated for the patent ial expased voltage.

REQuIREMENT 1
15 February 1994 1-1o

supersedes
REQUIREMENT1
30 June ‘1989 ●

http://www.abbottaerospace.com/technical-library


. .

HIL-STD-454N

a 5.3 mechanical. Design of rock-cwnted equipm”t should maintain the center of gravity as low as pss{ble
to mi-~ing over.

5.1. m. MIL-HDES.t4XS references known eh?ctronic items which require sarking and cry be used as a
guide.

5.S Ifaterials. Certain chemicals have been identified i. the Occupotior!at safety and Health Act (OSHA) C.S
Cancemng substances (carcinogens). Before using any aateriats tiich .ight ccmtein These chenir,ats,
they sftwld be evaluated i“ accordance with 29 CFR 19S0.

vOlt -
age
range

o-3a
volt,

>m-70
VLII ts

>m-sm
volt,

1->3m
volts

TASLE 1-11. Suitoble pmtecti.e mens. re%. II

1

=

None Guards
II and

borriem

4.5.3.1

x

x

x

Type of protect im ~1

I

marking
E“c los”re,

s4.3.3.2, uarn-
4.5.4.1

Oa~er

i~
6.8

4.8

x

x x

Interlocks

Eypcmable

L.5.4.lb

x

x

tmo-
byp5s,-
abte

g

4.5.4.1 C

x

Oriving Oevices

A“tO-
satic

A.5. S.1

x

x

x

shOrl -

M
rds

4.5.5.2

x

x

Tab(e is used for ref ermce ml y. See applicable pnr.sgraph for requirements.

Cmf ine the opplicati.n of hetii~s to voltage ranges indicated. f!.mc than me om {on IWY be avai kable
LETdesign requirements.

&lthough no specific rcquirments exist for servicing 0-70 volts, designing shw(d be reviewed for
possible hazards i“ accordance with table 1-1.

Designs my use nmbypassab\e i“lerlock appticaticms below SCCI volts, but the intmt here is to ie#(y

c=r.lete enclosure.
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REQuIREMENT 8

ELECTRICAL OVERLOADPSO1ECTION

1. ~. This requirement establishes the cr$ter ia ard philosophy for electrical Wert’wd protectim.

2. Documents applicable to Req. ircemt 8:

ARIIIC 413 Guidance fOr Aircraft Electrical Pmmr Ulilizatica and Transient Prolecticm.

Anlllc 610 Guidance for Design and Integration of Aircraft Avionics Equiwmt 4.
SiculOtOrs.

ARINC W Design Ouidanco for Aircraft Electrical Pwer System.

ARIt4c 607 Design Guidance For AviOrIiC Equipmmt.

lEC 92 PT 202 Electrical Instakloticns in Ships Part 202: Protection.

IEEE Cd2.61 Guide for Surge voltages in Lw Voltage AC Pt%’er Circuits (WD Adopted).

IEEE C2 Imtional Electrical Safety code (mlSI/lEEE).

IEEE c6.?.11 Standard for Metal-oxide Surge Arresters for AC Power Circuits.

IEEE C62.1 Standard for Surge Arresters for AC Pouer Circuits (DOD Adopted).

MIL-A-WW Wrester, Lightning, General Specification for,
Design of.

nIL-sTD-13w Interface Standard for Shiplmard Syst’ens; Section 3JJ0 Electrical PWer.

o
HIL-STD- 1539 Electrical Power, Oirect Current, Spnce Vehicle De$ign Require~ts.

F!1L-S1O-2SU Del inition% of 11.?0 Levels, Itm E.changeability, Pdels, and Related Terns

llEltA 2S0 Application Guide For Ground fault Circuit Interrupters Eq. ipnenl

IIFPA 70 National Electrical code.

SAE )-1428 Ear i.e Ci rcui t Breakers Reco=ended Pratt iCeS.

SAE AR? llW Selection, AWlicatiOn, and lnspecticm of Electric Overcurrmt Protective
Devices (000 Adopted).

3. Oefinirions

3.1 class 1 equipaent. Grwnd and shipL=wrd, including test and checkout grc+md ~UiFmt.

3.2 Class 2 ea.i -1. ?l.anned Aeraspnce equipnent.

3.3 Class 3 equipment. Unmnnsd aerosp.sce equifment.

6. Gmeral Requirecmts. The requirements specified herein shall apply only to equipment lsystens as defined
i“ RI L-s TD-2SJJ, for ctass 1 and class 2 equipments, and MI L-s ID-1539 for ctrms 3 equipnent.

L.1.l Generat protection for equi ~nt. Generol considerations for the deaig” of electraic equipaent
shall be such thot electrical overbnd protection dtsll be cfw$en froa and tailored to those standards and
specifications Listed in section 2 of this requirement.
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a.

b.

c.

d.

e.

f.

Current o.er(oad protection. current overload protection shalk be provided for pri.ary
circuits. Devices such as fuses., circuit breakers, rim dekays, cutouts, surge protectors,
or solid state current interruption devices shall be used to open a circuit, uhenever an
o.erload or surge condition occurs. I(O o.erc.r rent protective deice sha~t be connected in
series wi th any conductor which is grounded at the power source, ..tess the device
simu(taneo.s~y opens al~ Load conductors in the circuit and no poie operated independently
or as otherwise .Llowed by the Idari onal Elect rica( Code, NFPA 70. Protective deices for
wired-in equipment shal( be connected to the load side of the eq. ipm?nr power switch (.ai”
circuit power disconnect ). For portable equip.e.t (class 1 ) a separab~e connector or the
artached plug and receptacle shall serve as the .ai” circuit p-awer disconnect, and the

PrOteCti.e deice .aY be o. either the tine side or the load side of the equipment on-off
switch.

~. Uhere fuses are used, at Least o“e extra fuse of each type and rating used sha(l be
supplied a“d attached to the applicable ..irs of the equip.ent. Panel -mu”red fuse pests
shall be such as r. per. it replacement of fuses without the use of any special too(s.

Circuit breakers. circuit breakers sha(l give a visual indication when tripped. Holding
the switching device cim.ed on an over (oad shal 1 “or pm.ent tripping of the breaker.
bl. (ti-po(e circuit breakers shak~ be used for three-phase eq. ip.e”t and shak~ disconnect ak~
phases if an o.erk.ad occurs in any one phase. Circuit breakers shall not be used as
suitches un(ess such breakers have been specifically designed a“d tested for that service.

Surqe Protection. Electronic equip.enc sensitive to surges in the SUPPLY current sha~l be
protected utilizing the guidelines of IEEE c62.1, 62.11, 62.61, or NIL-A-909L.

Ground Fault I.o Latic.”. Ground fa”(t isolario” devices shall be “se to protect pew.on”el in
e“. ircm.e”ts which my cause a hazard d“e TO ground ieakage. Ground fa”it circuit
i.terr”pter used shat( be de. ekoped i“ accordance with tJEMA280. The source of setect ion of
ground fautt circuit i“rerr”pters shal 1 be UL 943.

Protect ion for cL3s.s 1 .q. io.e”r. O.ertoad protecrio” .ha L1 be deve(oped fro. the
req”imme”rs of HIL-ST D-1399 Seer ion 300, AR1tlC 610, IEEE C2, lEC 92 PT 202, SAE J-1628, 0.

. .

●

SAE ARP 1199 as required by design.

L.2. 1 C“rr,”c ouer(md Protection. C.rre”t overkoad protection for equip.ent sha~( be provided by fuses or
circuit breakers, and shall protect both sides of the input line. The pmrecrion shall be p(aced after the
W.er switch. ci,c.ir b,,aker$ sha~~ ..r be used as switches unkess such breakers have bee. specifically
designed a“d tested for that type of service. Circuit breakers shalt be nm”nted i. a horizontal position.
The circuit pvotecr ion sha(L be phcc-d o. the front panet, when practicable.

&.2.2 Spare fuses. Uhe. fuses are used, a .i”i... of one spare fuse of equal size and rat i“g shat 1 be
s.pp( ied within the eq. ip.enr.

6.2.3 Pmtectio” for class 2 equip.e.t. Design for class 2 eq. ip.enr shalt use .4R111CL13, ARINC 607-1,
AR1!4C609, or MI L-sTD-1539 for developing o.e.~oad protection.

a. C.rre”t .ver Load protection. Current o.er(oad pmtecrio” for the eq. ip.e”t sha(L be
provided by fuses cm circuit breakers. Circuit breakers shal 1 not be used as swirches
unless such breakers ha.e bee” specifically designed and tested for that type service.

b. Spare fuses. Uhe” fuses are used, a mini... of one spare fuse for each size and rating but
a qu.a”tity of not (.sss the” 10 percent of the total shatl be inccmporated in the equip.ent
and shall be co”tai”ed i“ the sa. e c.mnpart.e”t.

4.2.4 Protection for ckass 3 eq. ipme”t. Direct current (d. ) e(.?crrica~ pa.er for space vehicles sha(~
conform with NIL-sTo-1539. Electrical overload protection shatl “or be provided in individual boxes or
system rec,eivi”g power.
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5. Inlormtian for auidance only

5.2 ~. Overlomd protecticm for eq. i~nt should be provided therein. For class 1 and class 2
equipments, all protective devices eqloyed in the equixnt should be in a readi lY accessible, safe
locaticm.

5.3 Reset table circuit prelectors. Circuit breakers or other resettable devices shcdd be used to protect
critical circuits, or tiere predictable overloads or surges occur because of peculiar equipuent functions or
operator ●ffects tijch are unavoidable.

5.4 $!esettable fuses. Positive tecpemture coefficient (PTC) thermistors my be used to protect lW
c.rrmt circuits. ninicus Limit cwrem is current required to twitch et ninimm tmbient teq..?rature.
ffmimm liait currmt is that current the th.?rnistor mat pass without switching at rnxio.m acbient
teqerat.re. Applications: Telephone line fau~t protection, fuse for interoittmt 8ol.?nc.ids, over-currmt
pmtectim for Irensfor-rs, locked rotor protection for fractional horse power cotors.

o NEU
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REOLflREflE1lT37

CIRCU11 BREAKERS

1. ~. This mquire!zent establishes criteria for the setect ion nnd applicc. ticm of circuit breakers.

2. Doc.?mnls applicable :0 Rmui.ecent 37:

ffl L-STD-1498 Circuit Breakers, Selection and Use of.

U-C-375 Circuit Oreokers, f!nlded Co$e, Eranch Circuit, ati Service.

IEEE [37 Standord Electrical Pwer SYsten Devices.

IEEE c62 standard for surge Arresters for AC Power Circuits (DOD Adopted).

flElfA 280 Application Guide for Ground fault Circuit Interrupters.

14EIIA AB 1 f!dded Case Circuit Llreaker$ and Itolded Case S.itches.

llEnA A9 3 f!alded Case Circui: Break.em end Their Applicatim.

llEftA LA 1 Surge Arresters.

SAE J 258 Circuit Breaker-Internal Rou.ted-A”t-tic Reset, Recocaended Practices.

SAE J 553 Circuit tweakers, Reconendtd Practice: (DOD Adapted).

SAE J 1428 narine Circui: Breakers, Rec-duf Practice.

UL L89 ftotded Case Circuit Breakers and Circuit Erec.kers Eticltm.res (DOD Adopted)

UL 877

UL 943

circuit Breakers and Circuit Breoker Enclosures for Use i. Hazardw$ (Classified)
Locatims.

Gro.Jnd Fault Circuit Interrupters ICQD Adopted).

UL W49 Iransi ent Voltage Surge Suppressors.

3. Defi”iti.arm. not applicable.

L. Rcq.i. emnts

4.1 Selecticm and application. Circuit breakers shatl be Se[ectcd froa NIL-SID-1L98, U-C-375, NEHA AB 1,
AB-3, UL-f.89, ad UL 877. Trip-free circuits breakers shall be used. tlon-trip- free circuit breakers shall
be used only when the appl icat ion requires overriding of zhe tripping cectii= for ●=rgency US.?.

L.2 Han”al merat ion. Circuit breoke.s shall be capabte of befng canually operated to the 0!$ amd OFF
pOsltiOns. C1,CU1l S breakers $hatl mat be “se-d a% OM-OFF switches unless such breakers have bem
specifically designed and tested for that type of service.

1..3 Positim identification. Circuit breakers 81K. L1have easily identified 011, OFF, and TRIPPED Imsiticms;
except, that che lRIPPEO Positim my be the sane as the OFF positicm .ith rm differentiation between OFF
cd TRIPPED being required.

S..permdes
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L.L Orientation. circuit breakers $ha Ll operate when permanently
30 dearees from the normal vertica~ or .or.a( horizontal casit ion.

inclined in any direcrio. up to
The trio mint of .9” inclined unit shgll

not .;ry tore than *5 percent of the current specified fo~ normal pasir ion mo;nti.g. Circ. ir breakers used
o“ f(ight equip.ent, and partab(e test eq. ip.entr shatl operate within the li. its of the deraik
specification when the equipment is in any position or rotation abut its three pri.c ipa L axes. For
shipboard installed equip.cnr, circuit breakers shalt be mu”ted . . the horizontal axis.

4.5 Surqe protection and qm.nd fa. ~t pmtecti o”. Surge arresters and ground fault detectors shalt be
se(ected from NEMA LA 1, UL 943, and 1649.

5. I“for.atio” for .q. idance only.

5.1 circuit breaker req. ire.mrs. Guidance for circuit breaker requirements is contained i“ IEEE C37,
SAE J 258, J 553, and J 1428 for determining appticatim of cirwir breakers.

5.2 S.rqe protection and wound fault protection .widance, .S.rge protection and ground fault protection
guidance should be selected from IEEE c62 and IIEMA 280.
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MI L-STD-45L11

REDUIREffEtll 39

FUSES AIJD FuSE HOLDERS

1. ~. This mquire=ent establishes criteria for the %etecti.m and appticolim of fuses, fuse
fwlders, and associated hardware.

2. Oom=ent armki cable to Re.wirement 39:

lEC 127

lEC 269

lEC 2S2

IEC 5L9

lEC 644

lEC 697

lEc 787

IEEE c37.27

llEffA fU 1

llEl!l %2

SAE J 156

0 SAE J 55L

SAE J 128k

UL 198

UL 2?5

UL 512

UL 1412

UL 1617

DESC DUG 8710S

u-f-181&

fll L-f-5372

Cartridge Fuse-Links for Ninialure fuses.

Len-voltage Fuses; Rulli -Part.

High-voltage Fuses; ffult i-Part.

nigh-voltage Fuses for External ProlecticuI Of Shunt Power Capacitors.

Specificatim for High Vo(tage fuse Links for HOtor Circuit Application.

Iherc.s( Links.

Application Guide for Ihc Selection at ruse Links of High Voltage fuses for
Transformer Circuit Application.

scam-lard Application Guide For Lw voltage A.C. Non-integrally Fused Pwered
Circuit 8reakers, Separate I!-Wnt.?d Currmt Limiting ruses.

Low Voltage Cartridge Fuses.

High Voltage Fuses: (ODD Adopted).

fusibte Link%.

Electric Fuses (Cartridge Type).

Elade lype Etectric fuses.

Plug Fu$es.

hutcoxive Glass-1ube Fuses.

F“%e holders (WD Adopted).

fusing Resistors and 7ecpera1ure-Lini led Resistors for Radio and Television Type
fippliances.

Speciat Fuses For Radio ad Televisim Applications.

ruses

t“ses, Cartridge, High- ln:errupting capacity.

fuses, Current Lioiter Type Aircraft.

Supersedes
REOUIRERENT 39
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NIL-F-151.$3 Fuse., Instm.ent,

UIL-F -19207 Fuses.

HIL-sTD-L5&t1

Power, and Telephone,

tll L-F-23L19 Fuses, Instrument type, General ‘specification for.

MIL-STD-1360 Fuses, Fuse ho~ders, and Associated Hardware, Selection and use of.

3. Definitions. Not applicable.

4. Recwire.e. ts. Re(atic.nship of the requirements sighted in this req. ire.ent to more than one class of
equip.ent .ay app(y. Selection .ha L1 be based cm application.

5. Selection and armli carion of industria( co.pone.ts. The following List sha(l be .titized i. developing
and selection of both co..ercia( and r.ggcdized equipment, lEC 127, lEC 269, lEC 282, lEC 549, lEC 644,
lEC 691, lEC 787, NENA FU 1, NEMA SG2, SAE J 156, SAE J 554, SAE J 1284, UL 198, UL 275, and UL 1417.

6. selection and application, Fuses., fuse holders, a“d associated hardware shall be selected fro.
u-F-1814, MI L-sTD-1360, DESC DUG 87108, MI L-F-23419, MI L-F-5372, MIL-F-15160, MI L- F.19207, or UL 512.

7. Extractor post type fuse holders. The load sha(i be connected to the fuse holder rer.inat that
rer.inares in the removable cap ass.e.bty.

8. Information for q.idance only.

9, Branch circuits. Fusing should be so applied that fuses in branch circuits .i 11 open before the Tw.es
in the main circuit.

10. Thermal considerations. Fuses are rhemally a;ri. ated devices. 1“ generak,
susceptible 10 a.bient temper.st”re extre. es; current Li. iters the least.

time delay fuses are umst

11. Load current considerations. fuse r.ati”gs are in term of RHS, “01 average. Line currents a..e
.eas” red using an RMS reading instruinent~ Direct current lines having a pulsating component should be ●
.ms. red using a true RHS reading instrument. The following standards my be used as guidelines in
developing fuse requirements; IEEE c37.027, (JL 198, a“d (IL 7L12.
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HIL-STD-45LN

REOUIREffEflT 62

HllffAll EllGltlEERltlG

1. =. This requirement offers guidance for hum. engineering rdquiresenrs which EM! be considered
tim preparing cent ractunl docuaents. IT DOES IiUl ESTMELISH REOUIREREMIS AND HUST MDT BE REf ERENCED IN
CIYWRACTLMLDbCUffENTS. Hw.m ecgineerhg prcgmm requi rcmsnts, deaig” Cri ter~a, and related test and
evaluatiw rquirenents cust be directly specified in the contract or the systmlequipmt specification, as
appropriate.

2. bx.mncs application to Rrnuireeent 62:

MIL-H-. L6B55 M.acm E~ineericg Rquirenents for Hi l{tary Systen$, Equipaent, and
Facititie$.

fll L-s TO-1472 HUM. Engineering Design Criter$a for l!$litary System, Equfp=en:,
and Facilities.

ffl L-sTD-l&78 Task Per forrxmce Analysis.

ffIL-SID-lBW Hu=n EWinee ring Performance Requi recents for system.

FIIL-S19-WOS userlcaputer Interface.

3. Definitions. tlot applicable.

L. Rmuirements. tlot applicable.

5. In forcatim for a.idance only.

a. Taskim rm.irecents. Hwan engineering apptied during develc.prent and acquisition of
military systems, equi~nt, and facil i:ies serves 10 achieve the effective intefyaticm of
personnel into the design of the system lhe objecli.e of a hum. engineering effort is
to develcl or icprove the crcwlequimnt lsbftware interface, ach~eve reWiruf
effectiveness of husan per fommce during syaten operatim, caintmmce, and control, and
cake eccxmical cfccands upon persmmel resburc es, skills, training, and costs.
rlt L-H-4d655 is lhe overall requirements doc”mnl for the area. fli L-sTD-1L78 $pccifies
task analysis efforts undertaken for firny syoleas as part of lhc hucan engineering effort
pursuant to lfIL-H -46855. These two docuzmt 8 wst be tailored b!fwn .9PPl ied; appl i cat ion
guidance is offered in these docunents.

b. Oesiqn criteria. RIL-sID-1L72 which provides design criteria, my be selectively OppLied
as requirentnts or guidance. fll L-SID-1~ and II IL- STD-l EM are Air Force lflL-PRlffE
docuaents tfw specify human engineering and uscrlcmpu:er interface respectively.

supersedes
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lfIL-sTD-&5Ql

REO121REHENT7L

GW42ND1NG, EWDIIIG, ANO SHIELD1l~

1. w. This mqu$rement establishes grounding, Lunding, and shielding interface criteria for
installati.m of electronic eq. ipuem.

2. Wctments amlicabie to Requirement ?L:

RI L-&50E7

MIL-S TD-lS 2-124

II IL-S TD-131O

HIL-STD-15L2

HIL-STO-1818 (USAF)

I!lL-sTD-1857

lflL-HDEK-419

Gcmding, Electrical, and Lightning Pmtecticm for
Aerospace systems (Discmt inu.?d for Air force
A+7pticr+t ions).

Grounding, -1% arc! shielding for Cann L.mg
naul/Tectical Cc=unicatirn system including Ground
Grmed Cm{catirns-Electronics racitities and
Equi~ts.

Shiptoard Banding, Grwndino, and Other Techniques for
Elect -gnetic Cap.atibility cd Safely ~ietding.

Electromagnetic Capatibility (EflC) and Grounding
Req. irmts for Space Systea Facilities.

Electrucagnetic Effects Rquir~nts for System (for
Air force Applications only).

Grounding, EWding, and Shielding Design Practices.

Ground, mmding, and Shielding for Electrmic Equipmnts
and Facilities.

3. Defi”iti.ms. Not applicable.

.s. Rcquir.ments. Grcunding, Ming, and shielding provisims shall be incorporated into equi~t design,
as necewary, to enable inatal(aticn of equipaent into the applicable ptatforn or faci(ity. The grcundinu,
bonding, and shielding in%taltntion and interface rquirenents are swcified in the following docusents:

Aerospace Ground Supwrt nlL-E-5027 (use If IL-STD-1818
facilities for AF Applications).

Aircraft and Space Vehicles lfIL-B-5087 (use fflL-STD-1818
for 4F Applications).

Ground Telecmnicatims tll L-sTD-la9-12&.
C-E Equipcent

shipboard Equipamt nlL-sTo-1310.

Ground Space Syst ens Faci 1i ti es lfIL-sTD-1542.

Other hrny Ground Facilities MI L-S TD-12.57.

5. In fortumicm for uuidance cmly. E#tcnsive guidance for grounding, binding, and shielding cay be found i“
lfl L-HDtlK-& 19.

Supersedes
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