MIL-B-5087B(ASG)
15 OCTOBER 1964

Superseding
MIL-B-5087A(ASG)
30 July 1954

MILITARY SPECIFICATION
BONDING, ELECTRICAL, AMD LIGHBONG PROTECTICH POR AEROSPACE SYSTRGS

This specification has been approved by the Departasnt of
the Alr Porce and by the Bureau of Haval Weapons.

1. sSCoPrE

1.1 Scops.- This specificatian covers the characteristics, application,

and testing of electrical bonding (see 6.2.2) for aercspace systems, as wsll
a8 bonding for the installation and intarconnection of electrical and electromi:

oequipment therein and lightning protection.

1.2 )C_]g_n_&f_‘i_c&o_q_._— Elsctrical bonds are clasxified as opecified in tab]
1 (see 3.2).

2.  APPLICAHLE DOCUMENTS

2.1 The following documants, of the issue in cf:foct on date of invitation
for bids or request for proposal, form a part of this specification to the axtan

specilied herdin:
SPECIFICATIONS
Kiltary
M L-L-6806 lacquer, Clear, Aluxinum Clad Aluximm Alloy Surfaces

STANDARDS

Myitary

MIL-STD=-143 Specifications and Standards, Order of Precedence
for the Selection of

M525083 Jumper Assembly, Electric, Bonding and Current Return
'MS33586 Metals, Definition of Disximilar

¥535337 Washer, lock, Split, Helical, Light Serises

M535339 Washer, lock, Split, Helical, Heavy Series

(]




HIL~B-5087B(ASG)
Air Force-Navy Aeronautical

AN526 Screw, Machins, Truss Head

ANT3S Clamp, Loop Type Bonding

A2 Clamp, Plain, Support, loop-lype, Aircraft
AN935 Wesher - Lock, Spring

ANGEO Wegher, Flat

(Copdes of specifications, standards, drawings, and publications required
by auppliers in connection with specific procurement functions should be obtainesg
from the procuring activity or as directed by the contracting officer.)

2.2 Other publications.- The following documents form a part of this speci-
fication to the extent speci)fied herein. Unless otherise indicsted, the issue
in effect cn date of invite .- [lor bids or request for proposel shall apply.

Hational Aercspace Stn.ndard#

NASE79 Nut, Self-Locking, Hexagcnal, Low Height,
550° F, 800° F
RAS680 ’ Nut, Self-Locking, Plate, Two lLug, C Bored,

Low Height, 550* F, 800° F

{Application for copie: shzuld be addressed to Aercspace Industries .
Associstion of America, Irc.. 1725 DeSales Street, N.W., Washingten, D. C. 20034.)

3. FREQUIREMENTS

3
£l
3

3.1 Materials und parts.. Matarials =nd parte shall Be 3

3.1.1 3Selection of mnterials.- Specifications and standards for all materials
and mrts. and Government certification and approval of processes and equipment
not specifically designated herein which are necessary for the axecution of this
specification, shall bs selected in accordance with MIL-STD-1.3, except as provided
in 3.1.1.1.

3.1.1.1 Standard parts.- Standard parts (MS, AN, or JAN) shall be used

whersver suitable for the purpose intended, and snall be identified on drawirgs
or in other documents by Lheir part numbers. Commercial standard parts, such as
screws, bolts, waBhers, nuts, and other cotier pins may be used, provided they do
no: nave a degrading effect on the equipment during, or after environmental tests
specified in the detail equipment specification (see 5.2.5) and are replaceable
“e tha standard parts (MS, &N or J2VM) withous alteraticrn. 4 ~ross-rsference of
sovernment stanaard part numoars snall te shown with tne corresponding commercial
fart numbers on the parts list and the contractor's drawings.

2
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3.1.1.1.1 Hardware usage.- The following dats shall be used in selecting
hardware for bonding purposes:

(a) Bolts, nuts and screws:

Cadniun plated steel {for
ground use only)

Corrocion-rexistant steel
Titanium
Auxims

Self-tapping screws
2inc plated

{b) WVashers:

Anodised

Zinc plated
Unplated

Star

AN960

935 (light series)

M535337, K535339

NOTE:

Use whan waight is not critical.
Yot recommsnded above 550° 7 cue
to sublimtion of cadwium.

High temperature spplication.
High tempsrstyre and weight savings.
tetraflugro-ethylane-

(Do not use
toated balts vhen bolt must carry
current ).

Gensral usage at temperstures up
wm. 'o

Prohibited.
Prohibited.

Prohibited for airbtorne use.

Use light or heavy series as required.

Use where tampersture will not
axceed LOO® 7.

Use where tempsrature will exceed
400° P

AN935, M535337, or MS35339 washers ahall be used on all
bolted bonding connecticns.

Their function is to insure

a tight connection with plain or self-locicing muts under
conditions where thersal expansion of the bolt occurs,
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{(¢) Bonding jumpers:
M525083 llae where Lagperature dou‘ndt.

axcend OO ¥
K525083-3 (Quick Prohibited for airborne
disconnect.) applications.

(NOTE: M525083-3 useful only in applications under 300° P)

High temperaturs type Use over 300° F
{to be designed by con-

tractor)
(d) Clamps:
AN735 (cadzdum plate) Use on corrosion-resistant steel
. plumbing where temperaturs does

not exceed 300° F

AN735 Use on aluminum plumbing only.

AN7L2 Not rscommended due %o tendency to
loosen.

AN735 (sinc plats) Prohibited.

Cushion clamp Prohibited.

3.1.1.1.2 Hardware usuge restrictions.- All cadmium-plated hardware shall
te prohibited for space vehi:cle applicationsa.

3.1.2 Jugpers.- Sonding jumpers (see £.2.2) shall conform to MS25083 for
thermal environments less than 100° F. The design of higher ‘emperature jumpers
will be approved by the procuring activity. ALl bonding jumpers shal®l te «<ept
as sport and direct as posaidle. The number of ‘umpers to de installed shall de
xep: 0 & miripum by careful design in conformance with the purpose of this speci-
fication. The use of two or more standard length jumpers, in seriss to provide the
required overall length, will rnot be . permitied witncut procuring activity approval.

3.1.3 (lamps.- “lamps snall be the plain type conforming to AN7T25. llon-
standard claaps may be used only where standard clamps are not suizable and
shail be mibject to approval by the procuring activiiy.

J.i.4 Sond ration.- Surface prevaration for an electrical
dond (see 6.2.1) snall be accampiosned 0y removing ail ancéic film, grease, paint,
Acquer or other higheresistance propertiss {rom the 1zmediate area %o insure
“: lie "9le Tiiio fraqiinsy (o) impedance batween adiacent zetal parta.  Abrasives
ich sause corrosion, 1! empedded in the metal, snall not -e used. I sbramives
Cr scrapsra are used o remcve any orotective finisi, <nev snall De of surh s
nature “Hat produces a clean, soooth surface withoul removing excessive zaterial
uider the proteciive [inisn. Chemical cleaning and surface preparaticn snall be
in accordance with standard practice (see 5.4).

L
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3.2 Classes of application.- Electrical bond classes of application shall be
as specified in table I.

TABLE I. Electrical bond classes of application )/

Class Application Reference paragrsph
A Antenna installation 3.3.1
¢ Current path return 3.3.2
H Shock hasard 3.3.3
L Lightning protection 3.3.4
R Rf potentials 3.3.5
s -tatic charge 3.3.6

1/ where a aingle bond 13 used to serve two or more classes cf application, the
design shall corferm %0 tne most critical requirement of bonding.

3.3 Demign.-
3.3.1 Class 4 bondd antenna installations).-

3.3.1.1 lmpedance.- Radiating elements, exclusive of radar scanners and
similar types where the counterpcise is actually part of the equipment, shall be
installed and provided with ar hamogencous counterpoise, or ground plane, of

negligible impedance within the operating frequency ranges of the equipments
involved, and shall be of adequate dimensions so as not to detract fram the desired

arenna radiation patterms.

3.3.1.2 Return path.- Antennas so designed that efficient operation depends
on low resistance snall have :ne cond installed so that rf currents flowing on

the external surface of a venicle will have a low-izpedance path of minimum
length to the appropriate petal portion of the antenna.

3.3.1.3 Coaxial antenna.- Provisions shall be made for circumferential rf
continuity between outer conductors of coaxial antenna transmission lines and

ground planes of antennas.

3.3.2 Class C bonding (current path return).-

3.3.2.1 Current capacity.- The bond between equipment and venicle structure
shall be adequate to carry the powsr return current load. Table II shall be used

a3 a guide.

3.2.2.2 Joltage drop.- The total impecance of wires, cables, and ground
return paths shall be such that the voltage drop between the point of regulation
and the load does not exceed the limits shown in table III. For current return
leads of sise AN-4L(AWG-L), or iarger wire, the bonding connection shall not be made
directly to s structure out shall be made to a tab of sufficient sisze properly
attached to the structure. For bonding leads smaller than the above, the methods

shown on figures 1 through 5 shall be used.
5
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3.3.2.3 Magnesium alley structure.- Magnesium alloy structure shail not be

uged &8 & current pith return.

3.3.2.4 Bonding in explosive fuel areas.- Ponding shall be provided in aresa
vhere hasardous conditions exist, due to the presence of explosive fuels aad
gasses, to prevent ignition in the event of power faults within the equipment.
Resistance of fault-current bonding from equipment or component case to structure
ahall not exceed the values shown on figure & for each bond connsection.

3.3.3 Class H bondi shock ha

3.3.3.1 Remistance.- MNetallic condult~carrying electrical wiring shall
have a low-resistance bond of less than 0.1 ohzm to structure at each terminating
and break point. The bonding path may be through the equipment at which the
conduit terminates.

3.3.3.2 Croundingz.- Exposed conducting frames or parts of electrical or
elsctronic equipment shall have a low-resiastance bond of less than 0.1 omm to
structure. If the equipment design includes a ground terminal or pin which is
internally connscted to such exposed parts, & ground wire connection to such ter-
minal or pin shall be provided. If compilance with 3.3.5.1 is necessary, owing
to the nature of t-» eguyiment, t. 2 requirement of this paragraph will be con-
sidered to be mat as weil.

3.3.4 Clags I bonding (lightning protection) (except for antenns systems).-
Lightning protecticn shall be provided at all possible points of lightning entry
irto the aircraft, The entry points include but are not limited to the following:

Puel !‘il..er .apa

} Fuel gage covers

) Refueiing booms

) Fuel vents

) Antennas (aee 6.3.1)

The following honding requirements are designed to achieve protection against
lightning discharge current carried between the extremi:ties of an airborne vehicle
without risk of damaging flight controls or producing sparking or voltages within
the venicle in excess of 500 volts. These requirements are based upon a lightning
currsnt wavefors of 200,00C amperses peak, & width of £ to 10 microseconds at the

. -percant point, not less than 20 microseconds width at the 50-percent point,

and & rate of rise of at least 100,000 amperes per microseconds.



XI1-B-5087B(AG)
TAHLE 1I. Current-carrying capacity of wires and cables

¥Wire or cabls &ine Contimious - duty current - asperes
Singis wire Wires and cablss in comduit

Auxinm Copper free air or tundles
AN-22 - 5
M u 1'5
AB-18 16 10
AB-16 2 %)
AN=-14 32 17
Al-12 Wl 3
AN-10 55 3
Al-8 73 &b
AB=6 101 &0
AR, 135 &
A2 18l 100
Ab-1 2l 125
AR=0 5 150
AB=00 283 175
AR-000 328 X0
AB-0000 380 25

Al~-8 60 36

AL~6 83 50

Al~4 108 66

Al-2 152 [ -3

AL-1 174 105

AL=0 a2 13

AL-O0 235 WS

AL-000 264 162

AL~0000 03 190

TAELX ITI. System voltages and allowable voltage drops
Noxinal system Maxisus allowabls voltage drop
voltage Equi pment operation

Cantimous Intermittent

2
8
U

BExn
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SALT SIZE:
BONCING NO. 5 AT NO. E SCPEW WMERE EDE
PISTAMCE WILL NNT PEEVIT
NO, 10 SCPEW
BONTING 3/16-D¥CH T4 I3 WHESE
POSSIBIE

100~AMP CURRENT RETURN 1/L-TVCH TIp TN
200-AMP CURTENT RETURN §5/16-TiCu TT: “IN

AL ALLOY SCREW 7R BOLT -

LOCK WASHER
Ms25083 SEE (:)a
JUMPER

ANGE0 WASHER

(STEEL LIGHT SERIES)

PLATED STEEL L-E-_;U\
b/ NAS679 LOCK NUT R

CFRE ST:==L, -

SR TITANIOW _ NASE80 PLATE NUT
SEAL AFTER INSTL ‘ ~CIEAN TO BASE “ETAL
1-1/2 oIa . AHeA 1.1/2 TIA F TERM
CLEANED AREA

(a) ETTHER MS35337, MS35329, ™ AN93C LSHERS SUALL 3E USED,
TETENIING UOON IESINAN REQUIREME’TS.

h) LOCATIWN F NUT OR ¥EAD F 3NLT IS CPTIONAL.

{e) CLEAN ANT SEAL T3 ACCTRLANCE WITH 6.L4.

(d) CORROSI 9R™TECTINN SHALL E 4S SPECIFIED IN 3.4.5.

FTGURE 1, T™pical tolied :onnectiin jumper to platea s'.eel, corrosion-resistant
stoel, or titanium wnere mix temp aoes not exreed 333° F



LT SIZES: KIL-B-5087B(ASG)
BONDING 3/16-INCH DIA MIN

100-AMP CURRENT RETURN 1/4-INCH DIA MIN
200~AMP CURRENT RETURN 5/16-INCK DIA MIN

CLEAN TO BASE METAL

REA 1-1/2 DIA OF TERM

(a) EITHER M535337, BS35339, OR AN935 WASHERS SHALL EE USED,
DEPENDING UPON DESIGN REQUIRDMENTS.

(b) NO SEALING REQUIRED WHERE MAXDMUX TEMPERATURE
EXCEEDS 600¢ F.

{c) LOCATION OF NUT OR HEAD OF BOLT IS OPTIONAL.

(.dg CLEAN AND SEAL IN ACCORDANCE WITH 6.4.
(a) CORROSIOH PROTECTION SHALL BE AS SPECIFIED IN 3.4.5.

FIGURE 2. Typical bolted connection jumper to plated steel,
corrosion-resistant atecl}or titanium where
tempersture axceeds 300°
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BOLT &IZE:

BORDING  NO. 6 AND NO. 8 SCREW WHERE EDGE
DISTANCE WILL NOT PERMIT
NO. 10 SCREW

BONDING  3/16-INCH DIA MIN WHERE
“POSSIELE

100-AMP RETURN 1/L-INCH DIA MIN
200~-AMP RETURN 5/16-INCH DIA MIN

AL ALLOY SCREW OR BOLT
‘ LOCK WASHER

¥S25083 JUMPER SEE (a)
AN960 STEEL WASHER
AN96O WASHER (ALCLAD)

'IltlllIlllllllllllllllll'IIIIIIIIIIIIIIII
’ AN950 WASHER (ALCLAD)

ALUMINUM OR MAGNESTUM /-

NASS80 PLATE NUP
SEAL AFTER INSTL .
1-1/2 DIA OF.
CLEANED AREA ———=

SLEAN TO BASIC METAL AREA
1-1/2 DIA OF WASHER

{aj IITHER MS35217, MS25339, OR ANG3S WASHERS SHALL I USED,
CEPENDING UPON DESIGN ATQUIREMENTS. .

(b) TIZITRICAL 3ONDING TO MAGNESIUM ALIOY STRUCTURE
D MITRDENT TETIMAM TR :)DNJT:T"_'E\"

(c) _OCAT=CN OF NUT QR HEAZ SF 30L7 I2 CPTIONAL.

(d) CIZaN MATING SURTACT AND IZAL 1M ACCORDANCE WITH .4,

(e) CORRCSION PROTECTION SHALL T AS SPECIFIED IN 3.4.5.

FIGURE 3. Typical nolted comnection ‘umper to aluminum or magnesium
di10y structure wnere max tegrerature coes not exceed 30C° F
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AN526DD1uU32 STREW, EELOW 300° F
CRE STEEL ABOVE 300° F.

ANS0O - JOL WASIOH (STEEL)

AN9&O - 101~ WASHER (STEEL)

HAS679A3 NUT

AN735 - (ALCLAD) CLAXP FOR PLATED STEEL.
ALUMTIU OR 12GIESTUS ALY STRUCTURE.
AN73S = (CAD. PLATED STEEL) CLAMP PCR
MNPLATED STEEL STRUCTURE.
YSE CRE STEEL CLAMPS WI'H CHE STEXL TUEE.
CLEAN TO BASE METAL
1-1/2 CLAKP WIDTH
AND INSIIE OF CLAMP

SRAL AFTER INSTL 1-1/2
LIA CIZANST AREA

CLEAN AREA OF CLAMP TAB THAT
TOUCHES TERMINAL TO BASIC METAL

SEAL AFTER INSTL 1-1/2 DIA
CLEANED AREA

EITHER M535337, MS25339, COR AN93S WASHERS SHALL HE USED,
DEPENDING UPON [ESIGN REQTIREMENTS.

LOCATICN OF NUT OR KEAD OF BOLT OPTIONAL.

CLEAN AND SEAL DN ACCORDANCE WITH 6.L.

CORROSION PROTECTION SHALL HB AS SPECIFIED IN 3.4.5.

FIGURE 4. Typical clamp connectian -
Juzper to tube
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CLEAN TAB TO
BASIC METAL AND
SEAL AFTER

TAB WELDED TO

CLZAN TA3 TO
2ASIC METAL AND
™

SZAL AFTER INSTL

Ry

CIZAN MATIN EU'P.FACE. 4D SEAL IN SCCCRDANCT WITH b.4.
COHROSION PRCTECTICON SHALL BE AS SPECIFIED IN 3.4.5.

Tt A2 marthAd AT mARAIne tuhica Samane oY cmema
T - e T emees e
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3.3.4.1 Sise of conductor.- indrridunl nonding jumpers for lightning pro-
tection shall bs not less than MNo. 12 AWL o tinnea stranded copper wire or
No. 10 AWG for stranded aiuminum wire. Tnese wire siges are valid only when a
minimum of two jumpers are inatalied to carry the lizhtrning current and when the
Jumpers are not subject to a direct src.. Fhen the jumpers may be subject to arcing,
substantislly larger wire sises 40,000 circulsr mils (AWGw4) minimuim are required
for protection against multiple strokes.

3.3.4.1.1 Soldered connections.- Scldersd cénnectiona shall not be used
on jumpers that are required to carry lightning currentz. The method of attaching
terwinals to ‘umpers shall De verified by test.

3.3.4.2 Control surfaces.- Control surfaces and flaps shall have a bonding
Juzmper across each hinge, except for installations having a single hinge in which
case & xinimum of two jumpers are required. Where necessary, additidnal jumpers
shall be used between the control surface and structure to protect the contreol
cables and levers so that the length of discharge path, through the control system,
is at least 10 timss the lengtn of the path through the jumper or jumpers. A
plano-type hinge zay be conaidered as self-bonded, provided the reaistance across
the hinge is less than 0,0l ohm.

3.3.4.3 Protrumions bonding.- ALl axternal electrically isolated conducting
objects, excluding antennas, which protrude above the venicle surface shall have
a bond to the vehicie akin cor structure. large nonconducting projections, essentisl
to flight or housing persoanel, such as vertical statiliser parts, wing tips,
astrodomes and canopies, sha:l have the lightning path externally diatributed over
their exposed area leading to +he vehicle skin. Vehicle {light safety, flight
characteristics, crew vislbility, and equipment performmnce shall take precedence
over these requirements. The conductive path shall not affect the structural
integrity of the projection. Any conducting object, including personnel inside
the arstrusion, shall lie within the protective zone formed by the conductive path
us illustratec anc cetined on figures 7 and 8. If a semiconducting surface or
nonelinear-graded surface resistance is used to initlate « lightning path, the
voltage gradient at any point along the path to the skin shall be less tran the
breskdown gradiemt to any grounced obiect within, and the resistive nath shall be

at lsast 1 inch wide,

3,3.4.3.1 Donding conductor restrictions.- Conductors shall be equal to,
or larger than, 3,530 sircular mile (AWG-12) for copper or 10,380 circular mils
(AWG=10) for aluminum, where the conductor will not be subject to arcing. Where ths
conguctor is subject o arcing, s minimum of 20,820 mils (AWG-7) for copper, or.

32,100 milas (AWG-5) for aluminum, shall apply.

3.3.4.L Riveted skin construction.- Close riveted sicn construction which
divides any lightning current over a number of rivets is considered adequate %o
provide a lightning discharge current path.

L
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FIGURE 7-A. LIGHININS PROTECTIVE ZCAE CREATED
BY A SINGLE CONDUCTIVE POINT, P, SUITAELY GROUNDED

RIDGE LINE, L
a / b
~

s ~

S 7 o

FIGURE 7-B. PROTECTIVE Z0NE CREATED B8Y A CONDICTIVE RIDGE LINE, L.
SUTTABLY GROUNDEL. (THIS 2ONE MAY BE CONSIDERED AS NEVELOPED BY A
SIMPLE MOTINY OF TRANSLATION OF THE CONE IN PIGURE 7-A FROM POLNT a,
70 POINT b, ABOVE)

DEFINITION

THE LIGHTNING PROTECTIVE ZONE MAY BE DEPINED GECMETRICALLY AS THE
SPACE OR AREA UNDER THE APEX OF AN TMAGINARY 120° CIRCULAR COXE;
OR SUCH SPACE AS IS SWEPT OUT BY ANY HYPOTHETICAL MOTION OF SUCE
A CONE NORMAL TO ITS AXIS, #HEV EITHER TME APEX, OR THE RIDOE LINE
DEVELOPED BY LATERAL m’rxov ™EREOF, IS CONSIDERBD AS A CONDUCTIVE
DISCHARGE POINT, OR EDGE, WHICH CCORDINGLY IS DIRECTED AT DR
LIORTNING SOURCE AND MADE SUITAELY CONDUCTIVE 70 THE CONE BASE,

OR GROUWD

NOTE: THIS FIGURE IS BASED ON THE ASSUMPTION THAT THE OIELECTRIC
STRENGTH IS HIGH ENOUGH TO WITHSTAND THE VOLTAGE. THE DIELECTRIC
STRENGTH SHOULD Z 100,000 VOLTS PER POOT OF FLASHOVER PATH.

FIGURE 7. Typical protective scnes
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— RIOKF LINE, L
/

RN
Z//H

FICURE B-A. PROTECTIVE 7O5E camm BY A STMRLE CROUNDED CON-
DUCTOR, L, LAID CENTRALLY OVER RIDGE OF TYPTCAL DIELECTRIC

CANOPY OR BLISTER. (THIS Z3ME MAY BT CONSIDERED AS DEVELOPED
BY A cgnsm:n RADIAL A'D TRAISLATORY MOTIOY OF THE APEX, FROM
eTO¢

iu

-CANOPY

DANGER 2ZONE WITHIN
CANOPY

FIGURE 8-B. SECTIONAL VIEW TAKEN THROUGH PIGURE 8-A AT s-g SHOWING
INADEQUATE PROTECTIVE ZONE CREATED WITHIN CANOFY WITH BUT A SINGIE
CONDUCTCR, L, INSTALLED AS SHOWN HERE AND IN FIGURE 8-A.

I -
8 L &L > , - 8

PIGURE &, PERSPECTIVE OF SECTION s-f-s SHOWN IN FIGURES -4
AND 8-B, SHOWTNG HOW A COMPOUND PROTECTIVE ZONE MAY BE BULLT UP
5Y INSTALLATION OF ADDITIOHAL GROUNDED CONDUCTORS, M AND N, WHICH
PRODUCE OVERLAPPING PROTECTIVE IOWES

NOTE: THIS FIGURE IS BASED ON THE ASSUMPTION THAT THE DIELECTRIC
STRENGTH IS HIGH ENOUGH TO WITHSTAND THE VOLTAGE. THE DIELECTRIC
STRENGTH SHOULD ZE 100,00C VOLTS PER FPOOT OF FLASHOVER PATH.

PICURE 8. Canopy protective zones

—
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3.3.4.5 Lightning protection tests.- laboratory tests of lightaipg protection

pravisions for external sections, such 43 redomes and canopies, ehall be performed
to demonstrate adequate protection. The test waveforn shail have & peak value of
200,000 amperes, a width of 5 to 10 microseconds at the 90-percent point, and not
less than 20 microseconds width at the 50-percent point at the rate of rise of
100,000 axperes per microsscond. Discharges shall be fired at the test saxple
from all reasonable angles axpected from lightning strikes.

3.3.4.6 Corrosion control.- When sealing techniques are used to control
corrosion, teats shall be performed to demonstrate that lightning currents can
be safely handled by the proposed sealing techniques. The waveform shall be as
provided in J3.3.4.5.

3.3.5 Class R bonding (=f potentials).-

3.3.5.1 Grounding.- All electrical and electronic unite or coxmponents which
produce electromagnetic energy shall be installed to provide a cdntinuous low-
impedance path fraa the equimment enclosure to the structure. The contractor shall
deconstrate by test that his proposed bonding method results in a direct cur-.
rent (d2) impedance of less than 2.5 milliohms from enclosure to structure. The band
froz the equipmant enclosure to the mounting plate furnished with the equipment shall
comply also with these requirements, except that sultable jumpers may be used
across ary necessary vibration isclators.

3.3.5.2 Nearby conductors.- All conducting items having any linear dimension
of 12 inches or more installed within 1 foot of unshielded tranexitting antenna
lsad-ins shall have a bond to structure. Direct metal-to-metal contact is preferred.
If & ‘umper is used, the jumpur shall be as short as posaible.

3.3.5.3 Vehicle mcir.- Vehicle sidin shall be so dedigned that & unifors
low-impedance sikin is produced through inherent r{ bonding during construction. Rf
bending must be accomplished between all structural components comprising the
vehicle, i.e., winge, fuselage, etc. Hatches, access doors, etc., not in the
proximity of interference sources or wiring shall de eithsr bonded to or psrmmnently
insulated from vehicle aiin, except for the protective static bond. Consideration
shall bs given to the design to operstional vibration and resultant breakdown of

insulating finishes or intermittent electrical contact.

3.3.6 Clags S bon static charge).- All isolated conducting items
(except antennas) having any linear dimension greater than 3 inches, which are
external to the vehicle, carry fluids in motion, or otharwise are subject to
frictional charging, shall have a mechanically secure connection to the vehicle

structure. The resistance of thes comnection shall be less than 1 ohm when dry.

3.3.7 Misgile site bonding, grounding, and lightning protection criteria.-

3.3.7.1 Miesxile aite grounding.- Grounding and bonding deaign for missile
site installations pust be determined specifically for each site. General techniques
recacmended for use at such sites are given in section 6. MHowever. the ovarall
requirements snall not necessarily be limited to the techniques listed.

17
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3.3.7.2 Ligrtmacg protsating for midsile sites.- Lighatoing pravacticn shail
te provided at missile sites wic:. e¢a.n silte concidedmi on an individual basis
aceording to Lhe site requirements. Earh phase of countdown and launch shall da
oongidered so that all atructures are protected. Underground sites shall be protec=
ted against atrukes induced by tne conguctive trail left by the rising missile.

3.3.7.3 Misaile site bonding.- Guidance for missile xite bonding is pro-
T“d u 6'3'70 :

3.6 Methods.-

3.4.1 Popding installationa.- Bonding installatione ars considered as
being permanent and inherently bonded when utilizing metal-to-metal joints by
walding, braging, sweating. or swaging. Insulating finishes need not be removed
t0 oomply with 3.1.4 if the ressistance requiressnt is met without such removal,

Exmapled of eemip2=manent installations are: -

{e) Bare metal-to-metal joints of machined surfaces held together
by thread-locking devices. v

(b) Riveted joints with a minimum of three rivets.

{¢) Tie rods.

(d) Structurel wires under tansmion.

(e) Pinned fittings driven tight.

(f) Normally perzznent and immovable clamp fittings
which have teen sssembled after all insulating finishes
have Leen removed from the contact area.

[t

3.4.2 Bonding connections.- BPonding connectionm shall ha sa ir L
vibration, expansion, contraction, or relative movement incident to no service
use will not.break or locosen the ccnnection to such an extent that the resistance
wil]l vary during the zovement. Bonding connections shall be located in & pro-
tected ares, insofar as practicabls, and whenever posmible near a hand hols,
inspection door, or other accessible locations to permit rapid inspection or
replacemmt. The following conditions shall also apply: _

(a) Parts shall be bonded directly to the basic structure rather
than through other bonded parts.

{b) Shielded wire grounds shall be carried througn the pins of
& connector or attached directly to the baaic structure.
Bonding through the connector shells is permitted, provided the
resistance through the shell is not greater than 2.5 milliohms.

(c¢) Bonding jumpers shall be installed sc that movabie components
are not impeded in their operation by the ‘umper.

(d) DBonding connections shall not be compression fastened through
nonmetallic materials. ’

{e) " Bonds on plumbing lines snall not be dependent on mounting <lamps
due to differential thermal expansion. C(lamp and jumper
assemblies snall be used. Custion clamps shall not be used for

- bonding purposes.

{£) Current returns and tonda, for aveidance of expiosion hasards,

shall be measured 100 percent.

18
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3.4.3 Parts impractical to bond with jumpers.- The use of conductive

epoxy resins is permitted, provided they conform to the performance requiremeuts
of this specification. When bonding by jumpers causes fouling or mechanical
salfunction, other suitable means shall be employed which are in accordance with
good engineering practice. Such means shall be subject to procuring activity

approval.

3.4.4 Circular conductors.- Bonding of cylindrical‘or tubular conducting
ssxbers, not inherently bonded, shall be accomplished by a plain clamp with a

Jumper. Bonding clamps, vhen required on flexible metallic conduit or hoze,
shall be so dnstalled a2 not to crimp or damage the conduit or hose.

3.4.5 Diegimilar metals.- When joining dissimilar metals cannot be avoided,
the jumpers and other elemants of the bonding connection shall be selected to
miniwige the possibility of ccrrosion. If corrosion does occur, only replacesble
hardvare items, such as jumpers, bolts, nuts, washers, or separators, ghall be
affected rather than the baric structure. Washers shall not be surface treated
or coatod in any manner that will impair electrical conductivity. Unprotected,
nonstainless steel shall not be used as a washer (see MS533586 for additionsl
information). Pigures 1 through 5 and 9 through 11 do not necessarily show the
optimun cambination of metsls for all materials shown in the figures.

3.4.6 Refinisting.- Wren it has been necessary ts remove any orotective
coating on metallic surfazes to conform with this specification, the completed
asssmbly shall be refinished with its originsl finish or other suitabls protective
finish within 24 hours after inspection. In no case shall refinishing be delayed
sore than 7 days after remcval of the finish. A clear lacquer conforxing to
MI1l-1-6806 zay be used Lf desired to facilitate subsequent inspection. When
poseible, Goverrmsnt tnapection shall be accomplished before refinishing.

3.4.7 Intermittent electrical contact.- Intermittent electrical contact
betwsan conducting surfaces, which may became a part of & ground plane or
a current path, shall be prevented either by dbonding or by insulation if bonding
is not nscessary to conform to this specification.

3.4.8 Unapproved bonding methods.- Antifriction bearings, wire-mesh
vibration cushion mounts, or lubricated bushings shall not be used as & bonding
psth. Plano hinges may not bs used as a bonding path if a ludricant, dry-lube,
or other nonconductive elamant is used in conjunction with the plano hinge.

4. QUALITY ASSURANCE PROVISIONS

L.1 Responsibility for inspection.- Unless otherwise specified in the
contract or purchass order, the supplier is responalble for the performance of

a1l inspection requirements as aspecified herein. Except as otherwise specified,
the supplier may utilise his own facilities or any other commercial laboratory
acceptable to the Govermment. The Government reserves the right to perfore any
of the inspections set forth in the specifisation where such lndpoceiuns are
deamed necessary to assure supplies and services conform to prescribed require-

mants.
19
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BOLT OR SCHEW (REF)

ANG&O WASHER (MATERIAL: AS
LOCK WASHER APPLICABLE TO STRUCTURE)
SEE (a) ADD IF NECESSARY

T ONUT (HEF)./'CERAN%O WASHER (MATERIAL: AS

APPLICAELE TO STRUCTURE)
THIS WASHER NOT REQD UNDER
PLATE NUT

CLEAN TO BASE METAL
BOTH -PIECES.. 1-1/1.
 CONTACT. AREA —

{a} TITUER w§35317 €339, CR AN93S WiSLERS SHAT.L
Z USED, DEPENf)ING u'PON DESIGN REQUIREMENTS. v

“b) DO NOT REMOVE FINISH FROM UNDER ACLT
HEAD CR NUT.
(¢) CLEAN AND SEAL IN ACCZCRDANCE WITH 6...

(d} ConAdlTA™ PUAMTECTINN RALL TE 45 STECTFTED TN 3 Se

- .rd Zelie

TIGURE 9. Tvpical orenaration & banding connecticn :in bolted
swructural icints



FIGIRE 10.
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CLEAN TO BASE METAL
ALL MATING SURFACES
1-1/4 AREA OF CONTALT

CLEAN MATING SURFACE AND SBAL IN ACCORDANCE

WITH 6.4.
CORROSION PROTECTION SHALL BE-AS -SPECIFIED IN 3.4.5.

Tyoical methad of bonding between structural narts
in an asserbly
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EDGE S1Ug
— HONDENG it LVEY
\\ < SKIN {LiOLATED BY ADHELIVE).
r l\‘L/ T \-. &
b
= = oD s
1 = i /
! HONEYCOMB CORE
SKIN

£ SUBSTRUCTURE R HONEYCOMB CORE

T 10INN0n0n

U /sm (ISQLATED BY ADHESIVE)

Z LBONDING RIVET (BLIND)
SUBSTRUCTURE '

BOND ASSEMELIES ISOLATED 5Y NONCONDUCTING PAYING STRIPS TO THE
SUBSTRUCTURE WITH RIVETS OR STEEL HOLTS.

DN FUEL TANK AREAS, USE RIVETS, (RIV-O-SEAL NO. 86C-6l5 -1/8)
MATE BY TME FRANKLIN C. WOLFE CO., 3€LL EASTMAN DRIVE, CULVER
CITY, CALIFORNIA, OR EQUIVALENT.

METAL [ETATLS WHICH ARE COMPLETELY SHIELUED BY OTHER METAL PARTS
WIZL NOT REQUIRE ELECTRICAL BONDING. -

ALL RIVETS SHALL EE DRILLED FCR AND INSTALLED AFTER ADHESIVES
ARE CUHED.

USE A MINIMUM OF THREE RIVETS (TOTAL 4REA ELECTRICALLY IQUIVALENT 70
THREE 1/8 DIA AL7S RIVETS) FOR ANY ONE CONNECTION.

THESE DIAGRAMS SHOW TYPICAL USZ OF AIVETS FOR ELICTRICAL BONDING
OP ADHESIVE ISOLATED UETAILS.

CCRROSION PROTECTION SHALL = AS SPECITIED IN 3.4.5.

FIGURE L. Typical slecirical bonding of details wnich
are electrically isoiated by adhesives
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4.2 Resistance bonding.- Limited resistance measuremants made as partial
proof of satisfactory bonding shall be conducted on at least two vehicles repre-
santative of any perticular model. Thereafter, additional messuremants need be
made only when & change in design or construction ie introduced. Visual inspec-
tion shall be conducted on all vehicles to determine that no changes in methods
or satorials have besen made that would affect conformance to this specification.

4.3 Refinishing.- Any part which has its finish damaged during the bonding
tests ahall be sultably refinished.

5. PREPARATION FOR DELIVERY
5.1 Not applicable to this specification.

6. WS

6.1 Intended use.- The bonding requirements and teste specified herein
are intended to insure that the structures of aervspace systems are electrically
stable and free from such hasards as lightning, static discharge and electrical
ahock, and to provide for the suppression of electromagnetic interfermnce resulting
frox these hasards.

6.2 Definitions.- For the purpose of this specification, the following
definitions are applicabie.

6.2,1 PBond (noun).- A bond is any fixed unian existing between two
objects that results in electrical conductivity between the objects. Such union
occurs either from physical contsct between conductive surfaces of the objects
or fyom the nddition of & firm electrical connection between tham.

6.2.2 Bonding or t3 boud.- Electrical bonding is defined as the means of
obtaining the necessary rlecrrical conductivity between units or unit and
structure of the system or subsystem vehitle.

6.2,3 pBonding jumpers.- A bonding jumper is a braided wire or metal strap
that provides the necessary electrical conductivity between the unit and vehicle

structure which would otherwinse not be in sufficient electrical contact.

6.2.4 Conducting surfaces or objects.- Conducting surfaces or cbjects
include all objects having & resistivity of less than 1 megolm-centimster.

6.2.5 Isolated surfaces or objects.- An isolated conducting object is one
that is plgsically separated by intervening insulation from the vehicle structure
and from other conductors which are bonded to the structure.

6.2.6 Detai) equipment agggific.:at.ion.- A detall equipment specification is
defined as the document or documsnts which specify in detail the requiremsnts
of the weapon: system, subsystem, or set.

6.3 Desmign objectives.- The following design objectives are reccemended
for applicatinn in airharmes inatellesiome,

3
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6.3.1 Lightning protection for external sn.ennas.- it is desi~sg that
external antsnnas be designed to avoid lightming currents entering tne venicle

and cauaing damage to the vehicie or equipment instailed. Such design may con-
aist basically of a shunt spark-gap and & series capacitor in a suitavle housing
in accordance with MIL-A-9094.

6.3.2 Protecticn of antenna jousing projections.- The protection of antenns
housing structures imposes the additional requirement that the antenna function
will not be adversely affected. The graded high-resistance path is indicated as
one suitable means. A surface-conductor path, such as shown on figure 8-B or '
figure 6-C, may be broken by gaps to avoid effects on the antenna pattern. Gaps
should not exceed 1/16 inch in length.

6.3.3 Protection of nonconducting projections.- “anopies may be considered

as inherently protected if the flashover voltage from any point on ine canopy
along the surface to the vehicle skin is less than the puncture voltage through
the canopy. ' _

6.2.,L Movable canopies.- 0On movable canopies, similar to that on figure 8,
lightning conductive paths need not be physically continuous but may terminate in
not over & l/L-inch gap to the vehicle skin. To avoid precipitation static
effects, & opring contac. providing & continuous path in the closed position is
preferred. .

6.3.5 Conductive paths.- Conductive paths should be designed to hold pre-
cipitation static effects to & minimum. This may be accomplished by bridging the
conductor gaps or shielding the conductive path with seziconductor material.

6.3.6 Viaibility.~ If visibility requirements dictate, the lightning con-
ductor path need not continue iongitudinally to struciure if a good connection
can he made o a span-wise zgrounded member.

6.3.7 Missile site grcunding.- The following techniques for bonding and
grounding equipment at mmissils sites have been found satisfactory to overcome
slectramagnetic ‘nterference problems:

(a) A good electrical ground reference is obtained by providing a
ground grid matrix. The quantity and spacing of trhe driven
ground rods snould be as dictatsd by the requirements at each
site.

{b) ALl metallic structures, inciuding cable trays, steel stanchions,
structural piatforms, etc., should oe connected electrically to
the ground grid, Steel reinforcement in concrete would normally
not be grounded except [or special cases.

{¢) Tie~points or stubeups shouid de provided so that instrumentation
and checkout equipment can be connected to the ground grid with
an electrical lsad of not more than 1L inches in iength. Longer
leads are ussiess for grounding and tend to¢ introduce extraneous
nolse. :
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(d) Por protection against external rf interference, the shields
of shielded cables should be grounded to equipment cases, or
the facility ground, at each end and as many intermsdiste
points as necessary. Instrument and sudio grounds uszing the
gingls-point ground concept for low-frequency protectim
should be carefully designed to operate in the r{f enviromment
at the zite and should be compatible with the grounding aystem
at the cite.

(o) Meutral and common terminals of the missile site power dis-
tribution systam shouid be connected to the facility ground
vnlsss specific reasons dictate another msthod be used.

6.3.8 Miaglle and space vehicls bonding.- Missils and space vehicles
ereate new and difficult clectrical bonding problmas in that sblative costings,
apanding joints, and othar gpecial techniques are involved. Each vehicle must
be carefully studied to indorporate bonding techaiques that will result in s

satisfactory end product.

6.3.9 Lightning protection design eriterjs.- Studies have been conducted
in lightning protection relative to the KC~135 and gimilar type sircraft. The
results of this ressarch appear in ASD Techmical Note 61-92 and ahould be used as

s guide in lightming protection design criteria.

6.4 Preparation of electrica) gating surfaces.- The following procedures

have been found satiefactory in the preparstion of metals for electrical msting
surfeces and are recammsnded for use by the contrector, ss applicabls, uxing

Jigures 1 through 5 and 9 through 11 as guides.

46.4.1 Gresss, oll, or other nonconductive films ahould be removed with
dry clsaning solvent in accordance with P-D-680.

6.,.2 YNonsoluble films should be removed by sanding and palishing «dtk 7/0
garnet paper, using caution so as not t0 remove axcessive mstal. The ares should

be brushed clean.
6.4.3 After cleaning, the surfaces should be treated as follows.

6.4.3.1 Magnecium alloys.-

(a) Wash the bare metal aress witn a corrosiam.protection solution
conforming to type I of MIL-M-3171 for 1 zdinute, then rinss in
clean water wvithin 5 seconds. Dry thoroughly, reassemble
the parts, and seal within 2, hours.

(b) If paint finish has been removed and a paint finish is required
on the final asssmbly, seal with the original finiah.

(c¢) If s paint finish is not requirsd after reassambly, seal
with a wipe-on, wipe-of{ sealant coxmpound C-318 as made by
Dow-Corning Corp., Midland, Michigan, OF equivalent.

$.4.3.2 Aluginen slloys not subject to fuel exposure.- Alumnum alloys, not

subject to axposure to fusls, should receive & brush costing of Iridite No. L -2
conforming to MIL-C~5541 applied to the msting surfaces after polighing, then
reasssmble the parts. This should be followed by the pracedure in 6.L.3.1{b} or

6.4.3.1(c), ae applicable. 25
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6.4.3.3 Almime allovy gubject to fuel egposure.- Alumimm alloys,
subject to exposure to fuels, should receive a brush costing of Iridite No. 1lh-2
conforming %0 MIL-C~5541 epplied to the meting surfaces after poliahing, then
resssemble the parts. Arter assambly, seal with pealant compound in sccordance
wth MIL-5-8802. ‘

Custodiane: Preparing activity:
Bevy - WP Alr Porce - (11
iir Porce - (11)

Reoviewsr activity:
Navy - WP
Ar Pores - (11)

Ussr activity:
Army - XL

Review/user information is currwit as of ths date of this docummnt. Por future
coordination of changes %o this documant, draft circulation ahould be cased
on the informticn in the current Federsl Supply Classification Listing af Dall
Standardisation Documents.
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