AA¥7E 57l vA= 9F A5 2 dF

234
YA TL

8 ¢
AL 3 7)9) vAle 9 1D dEly o]&d ugoR oEIA. TF
€ 4oz 97 AEE dEslgen W Axg ZE+E MIL-STD-461¢] RSAA
S A8t ‘Worst case’'dlA 7§ FIAAlE 54 Fa4 ddoA ‘9o A
ol d&HNe 1o wE NA HFE A s

1. A&

AAR7Y F21AA G nAE 9FS dF5e AL e gL dolt, 2y F
Z71#ol} o] AL&El+= Electroexplosive device (EED)7F HAlute] oldle] Q=
o] & wio ¥ AATTHA Azlve] I 9UF 84 Z L olm HoTE Hls
Al A% dojrtol & EAloltt, A AZPXE ZF BIAAY 8 BE L F
] ¥ ohjzl AA] System® AAlule] wWE g2 FH o 9sly A=
TR Athl] AAgs A Fad wiet o EAd =277 gl gas
FH ), AE o FeA wAlE AR FH (Superimpose) o] 27 HAIE A
AHTE 970 FUEE A4 AT &+ it

AA g0 FFs] FAHAL sEEE BEIIAA AV B2 H4S ¥{eln
A7l W& ole] wlE JA-L FY3| FPErie IS EEDe Ui AA T o
F& &3] $EiA= EEDY Axbse] gt 7%= (Sensitivity) S Lolof g}, Az}
3 AR8AE ooz d&ds WYL AN AFE se= ART ML At
ol deten] 714 AAFZHE HFF e (Worst Case)E 713317 w &of 'Safe’
SHAA LE B3y, 2t o]&83 &9 A7} 'Hazard' ¢l A$olx Ao A
o= 7FE%E 'Worst Case’7} dold 7}HsAdo] 3utslr] w&o wi=A] AR 43
A 'Fire'7t v ¥ 3ol dATIT A iR @X JHsAE idn
ol3j3lejof & Aolr},

2. A4t m=l
2.1 Ay A3}

o|F A= AAT H4F A Hag g £84 md-g AAFT, o] =y
< AE3t AT doe RoRgx FAAAN Ae 4F A dsie] s
Folok gt &, EEDE A& Agsluzl & wlv= &3] Shorting Cap5 2 2 Short=
o] A3 FZFolU FAE wl= Shorting Cape W o)) B o] InstallslAl H==2
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Zyz}e] 73go RF ¥ 84AE wWE A4dsteol ok EF THeF EEDe] A4 5ol
2l Firing Cabled] ©& AolEo] dAHY UTH F #HolE Alo}je} Coupling®
13]3tejof g}

Ax7ide AZT 3Fo] M2 AT LS dv Yo £x2 AR ojd A
2715 @A717F 4-& W A9} she 29 AR (Near field)= 433 B3¢
Feg2 530 43t "HolA R (Far field)dAM e ¢AHE &5 slo F8xozx
+a3] BAlEY, Far fielddlAle AAgE TEM3 o)9 olwf, Power density P+
o3} Zo] EA|ET[2]

P=|EIH| = J%ﬁ - Bz W
o7l Pt Power Density ¥+ Poynting Vector?] =7], Ex Electric Field, H:
Magnetic Field, Zo= A+ F3tolA412] Impedance® 377 ohmso]t}.

AT ¢tEive] JAEHAE WY JAMEE Powers (2)413 o] AFoHE

Effective Aperture (Ao)Z AlAHE 4 dr}.[3]

- W

714 W Hlve A dE2 99 Wattelth, ¢teluvrl AAE ol
ol AL H2Foz HASHE g 13 o] Jebd 4 drh

-
L 4

V : the total voltage induced inthe antenna
Z; @ V' Z, : radiation impedance, Z,=R+iX;

Z, : termination impedance, Z;=R+iX;
I R, : loss resistance of the antenna

I : induced current

. Z,

Fig. 1 Equivalent circuit of the terminated receiving antenna

uf

Age I = V/(Zxg+Zp) 7 E9 o719 ImpedanceS W3t BA5E A3
W Effective Aperture®] 4wzl ¥ ¥, 4 (3),& 42 4+ Utk
ViR

P[(Rr+R.+R7)* + (X +X1)?] ®

A, =

EEDo| Wi AAme] -2 &3 ALde 7HE S3% 'Worst Case’'S 18
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322 o] ZA$t Termination reactance? Radiation reactance’} Qut-of-Phasel
B & Xp= —Xr o9 el Loss7t 1 A% &, R = 0 9 wold.

"Worst Case’' 2 Al4FE Effective Aperture 3toll ¥ A zlute] Power DensityS &
3t O FgoA] Fo|A ZAA EEDY frlEe AFE & F U o] A
¥ %S EED29] RF Sensitivity$} i3l g o2& & 4 Uk

22 944 %& EED

EEDAAE €02 AFA WA A% 949 A58 slsteiNs EED
o 9% &4 2 A7) he BAL sH= Ao) Tkt 5Ws) EEDS) Connector
FRol wel EED7F AA9E wolzale 270 4ol 9AE2 Connector 34
o wat $ARE Stet YL shgstelol e ARE 45T & A

2.2.1 Unshorted Wire Lead 8 (Pin-to-Pin) [4], [5]

Connector7} Pin Type©] °old A$-d= E4 EEDE= Lead Wire Typel &
o] i FHF Aol Lead Wire ¥eto] ©&H(Short)=]9] Ui Check Aldlv Ex&
4 Nele 92& 23 YL 3iA "o

ekl o3ty HAMIF £EE do), oAFHoZE AN T FLEA
Agdtn B £ AN AAFozE Aoyl 4 AQez AFHE EAL 7
Hed o] EA4-& Directivity, D'E Yeh® Directivitye ¢relvlel 583+ A%
ol YAIR HAAate] FF(Patterm)ol T+ &)&3t}, 22y Gaine ¢HelLVe] EE74A
aBg Fo=2 Losslessolal Isotropic SHILFQl A$dle ¢EIVle] Gain, GE
Directivity, D9} A =]o] Effect Apertures thg-3t zroldrt},

_ GiA%* _ Dir?
Aen = 4 Ar (4)

rg o

¥+H Radiation Intensity U: Power density (¥ radial component of Poynting
vecton)l A2 AMFL FF AT BOEE Upe = 7P, 9 ZolHr) <HE
7} lossless®l A-5-dl= ¢telvtel o3t} WALE Powers ¢HElY} terminalel] &85
= W duAle &, telvel e B AFE b ol=tn 39 terminald] &85
E 897 quAE I,? Rpol ot wabA

Atr*E,?

Ao = —7p

5)

<= A=t &9 A3)A 'worst case'®) AE, F Xpg= —Xr oW R.= 0
¢l 73%-9] Apertures
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A, = Awpm = (6)

7} "ot 4(5)e}k 4l(6)ollA

s _ AP2 2y*E,?
|4 Z, 72 )
5 92 & dey 47N 43 tiydshd Maximum possible aperturesd 7+ F
A #th

4 1R+ E,?

Ao = ZyI' [(Rr+RL+Rp)* + (Xp+Xp)?]

(8)

7)o THA] ‘worst case’, F Xp= —Xr, R = 0, Rpg= 0 ¢ A$S 474
3
41*¥E,}?

4. = Z,I*Ry

9)

o] =)o) Electric Field9] radial component E.7+-& &8 ApertureS AlAHE 4 4.
EED9] open® ping 23] H AgloA< Dipole2 HFHE 4 92 EED9 Z+ &
de AR & +, -} 93 AT £ Atk Al FHolE 3o Hl1L
XYH Ao 936 AP bt A2 = W1 BYsin] dug "olA Adn
7H3d 0= 999 A P/l z&F ol &, ov HPAAY A Vectorg XY
B Ao FYF A XFHo] thie Z, ¢ HAldAMY A/ $3 AP7A
A Vector7} o5+ Z& veldt} olu Total electric field E-

E, = Z/{’Irl (1 — sin%e sin26) sin(—k"—alg"s—a) (10)
7F H=dl 671 09 ) Hdigh-e zi=t} [6]
_ Zl ., kyd
E, = e sm(—z (11)

A10)2 Ao Helsln d< A ALE sHgsa
dr%Z,0*d

4. = Rr A’

(12)

o] o] ApertureE A 4 AUth

2.2.2 Shorted Wire Lead 8 (Pin-to-Pin)
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Wire7} short® 12 wole wiree 4% 9 Loop antennaZ & 4 3lon A4
o] Hol A small circular loop2 FF3= Aol H3lth Loopel wk7o] Azle)] H]3ly
A33] 2-& ulo] Radiation intensitys th&al Zoldth[7]

U= —f—é’ (kya)* I’ sin?g (13)

T3 AL Power, W,

— _ T4 472
w = fLKU(ﬁ,MdQ = 1 (kad)'l (14)
A 'worst case’d W] We| & XHL
2
W= PA, = 4&- (15)

4Rp

st Bon H@elA A, = DA?/4xAH¥ small loop antennagl 72
Directivitys= 1.5¢|c}. u}2}A]

4 2
y? = L48x10'PA

; (16)
< 92 & A AU6)E A@)el tdst A ‘worst case’ ZA-E iYsaA
_ 1.48x10*A®
A, R (17)

o] "t}

2.2.3 Wire Lead ¥ (High Frequency Calculations)

FellXe AATe] 3ol EED Wired| Hlste] 433 21 A9, & Far field
approximation& AH8-3le f7|Ee AP ANEA 2 oy F 1L F3
7t Eohd W ¢ ol AYHA gt BFo] EED Wired] =717} vl&3tAY
Zhd Az el [z Al717F EEDSY] ZF 9A)vit}t @2l He2z goaie] A
A2 EW AAE =34 "} Unshorted wire] 7A$ole AAtst o] w3 o] Wire
o] 20v] A=Y wi7}A], Shorted wire®] %ol o] AA Shorted loop Aele] 2
Wl A=A oA 9] Aol gAY galA o (3], [7]

o] & A%, F FH57 B B 9olE Lossless antennaE 7FA che 4
4)& A3 AMEEH99d 4 Utk 9714 DE Directivity2 9471 e ALdE
Aa7b o Fubge] ol ol A A & 5 oy gEA Ae
et 9] Directivity® AME-3lY i 43 & U
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3. AN A&
31 4% AA" Fx

A AL Q1 #3179 aFo) A 2] ImpedanceE AT AsIt ¢l W E
Pin-to-Case ModedlA&19] $18 84+ AT 4+ glouv o7]A+= Pin-to-Pin Mode
dile]l 93 Q4nte] AR Aot Table 12 MIL-STD-461Do] A3} U=
A8 2718& veha

Table 1. RS rest specifications from MIL-STD-461D

Limit Level (volt/meter)
Platform . . Ships
Aircraft | All Ships|  SPPS | (Non-Me
(External | Aircraft (Above (Metallic) tallic) Sub- Ground Space
Freq. or Safety | (Internal) (Below marines
. Decks) (Bellow
Critical) Decks)
Decks)
1
0, LA 20 200 10 0 10 5 20 20
to N 200 20 10 10 10 5 10 20
2MHz el 200 20 - - - - 10 2
2
9 MHz A 200 200 00 10 50 5 50 20
to N 200 200 200 10 50 5 10 20
SO MHz el 20 20 - - - - 10 0
30 MHz A 200 200 200 10 10 5 50 20
to N 200 200 200 10 10 5 10 20
LGHz Pel a0 20 - - - - 10 20
2 1
i GHz A 200 200 00 0 10 5 50 20
to |N| 200 200 200 10 10 5 50 2
10 GHz "ol o00 60 - - - - 50 0
10 GHz A 200 200 200 10 10 5 50 20
to N 200 60 200 10 10 5 50 20
0 GHz | el o0 &0 - - - - 50 0

KEY : A = ARMY, N = NAVY, AF = AIR FORCE

3.2 Ayt Ab3k

T8 I A53AE K2 357) 207 WYz 4850 glen yshde Shidds
o A gt 2elA o2 &2uF 0752 FA7} 3mmols] &8 9o FA7}
%} 03mme] LFUF Yowol oM FE@ Agdd Aol AdAe A
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186mm¢] Holeo] Ut} H3M& AAI} F 245 cm HEolt) F3lrle 24 MUE
A K2zsl7] 2707 WEe ddse] den HEs AZdEr] A9 3] Aolie
oF 30cme]al &7]e)] W] A= Y AJEL o 19%5cmels o]& ¢ 14 cm
£ ALY FELE 1y Utk R olF o] o 30cme] AolBo] Ui AolE e
Shorting Plug2 = 1tk % II WALZ|2RE dAlde] EA9e oF 100m "o
A Y3 AelEL Braid2 Shield¥lo] glern] E@uldA =7 Re7AE Steel
PipeE F3l AolEo] AUrl2=Z Shield=lo] Yot B 4 v} FGola] AFF v}
9} o] HAtwte] tig 13 dE Alde REF FAlolxd o 74 &3 BAEn
Al Q71 e FAE wo ud o F71A Ao e AL Sgsiag.
A7 Zx=+ MIL-STD-461D9] $73 Auld #&-5+ 50V/ME 28-3c),

3.3 Hand Held Mode 10y _

281717t Systemol ARAHA ¥ 7 i | AN
Fol& High Frequencys] gejelre 4 ] | P ol
(48 Low Frequency®l 7ol 4] (17) 5 103 7
& ALgdlo} AN 4 Utk Fig. 2= A L oy J
& s sz ok AL g Hop 2 )
o AT o 2GHzY © 02 wattd=  § yd
% R7HEE F4A A 8 el 2wy
A& No-fire ZAF7F oF 1.8amp AE(H % D
18wat)dl K2 2st717t 0 2% 2aie gl o
_9_1,]_ _1—1%33,9/] _/(;;_,ﬂ ?_]_'E]]L]— T:"i'lo]]}\‘]“& k3 107 10! 10° 10! 107 10 10t 105
5_'5_9] _?_3517]_ %LQEE :‘.,‘:1_%_1 _H_aoﬂkl %%} FREQUENCY, MHz
= A A" E £43ld o) jir) Fig. 2 Induced power at K2 initiator from electric

field of 50V/m in hand held mode

34 Installation Mode (& Skin Effect F-A])

T8 9 B¢l ShielddA] &1 7o YUAE e Aol8o] ¢ 215 cm AE
Ho] moA Ae AolEL 45 cm Fxolth BAA Qe AolEe AL moA
A= F-E su 37t LoopE A4S A7) f71A4F7F G A frlgs
AR o] AREY Vectordtoz FA|Hth 'Worst Case’s] ZASE 13 wos=
EE AF7F ¥ 'In Phase'2t3 7HA3] @ oz ANE 5 UA W Zzte
nAZ Bie "L ogA AL AU s AL AZF3 FHAY Syt Qo
A7IME 93 84AE dEde BAFHgA 283 2 52 85490 Fig. 32 A
AP AIE Ho 3 e 9 300 MHz 2E 3 GHz 7130 A] 1watt olAfo] {71
gt B2 olAL dAlZ Q% ZAHE T A5 Impedance’t $4A3] Match" s
HAA A 73S v o2 A" AolAut Hotel AL ©Zg slsAo] Yuu
T 5 Ao ol AL FAAF7] A= AolE-L Shield CableZ wA3E
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et RF "E 9 49l, #slrlel W7 §2 13% 4 AA

3.4 Installation Mode (&) Skin Effect iL8])

&A% dudE F4 @A Aolxe 2AFAE AQis I Axy A &
IOE XY £ B 48 B33 AFHYS Aols e Ho] T AFeR {§x IF
7} 433 ZAemz Ao 9% A A9 FEIUT E 4 o A 3
F A2 34E9e T3 AR 9 8o W82 599 HIH oplE
AL 0.3mme] AFr|FLZ o o] IMHzolddlAe #4 30 dBolde] 34
£ Holepzg Ay @A FHIJA vl FaAge] 7Heditgta 44 5 Arh[8]
AA718 4 Aato] w2 Impedance Mismatch® £4 Fo 7o) Udoade A
Ag7b AEA FHIAAE Z3A T AYIME 'Worst Case’ 2 St vlE §31
o At AR R34 5 on FidE AxHIE AR AolEd frdda 74
3t el A] Multipin Connector Typedl A&} o] A(4)E 283l A4t

Fig. 42 At A3t Ro F3 glom Hde AH9-dE ¢F 001 Watt Zx5te)
F715A €22 & 4 Ad. 2y g 53te FasHE AR olddx g
3o Yo} Qe AolEe 93ty fr=e AANIA uysleiop & o] FHeolE
9] Zolg o 25cmet & W F AR 9o {71¥ AF7E 'In-Phase’se 7HA
3loll A4S we] AAE Fig. 49 Zo] Yeldi i

—e— Hole Effect
2 —o—- Cable Effect
10! - “q% ------------------------------------ AR
100.!».._..___...N__..._.__.uzgl.v _____ \.D.chg ............................... O e
b= 10-'1 ................ _/.Q: ............... B, . = Y __......._.’:U
g f % E g o* * a
[ L F e @ 0% e //- ---------
w o'l cf g f Lot
§ 1 g g R bR
a W R s A - e
) da @] o
g 1054 ----. e el § ......... e
D .
=z 10° T ;Df --------------------------------- 2 -'— e e e
107 ']% --------------------------------------------------------------------------
T L R E S, I L
|
109 vy bt ) o) Yy vy o ki NS ol T
w02 w0t 1¢ 10t 102 100 100 108 o 100 104 100 10t 10°
FREQUENCY, MHz FREQUENCY, MHz
Fig. 3 Induced power at installed K2 initiator from electric Fig. 4 Induced power at installed K2 initiator from electric
field of 50V/m with ignorance of skin effect fieled of S0V/m with skin effect
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o] %o vplE Filo FAFse AA T F gL ulv)siy giREe] A= n
7 el AolBd ol fridrt IER ARy i REgoz R A
o]8-& Shield AolE2 A o] AlFsittn dadr) Aol uA Fo {7]
& Electric Power® Fig. 4914 Holesl &3l f71== Powerst Aol 24 HuY
o|RAL TR A/} gA3 A& Shield@ohir 71Ag Aol Felstefof Fich

4 &

F9 AxHrl &3l n)lxe 9L 'worst case’ S A gEEHch B
E=E2A /14T 'worst case’E 7 RE ASoA Hotel AL A sl AL
e Aoz oA ALt Ade @A fdAel gl WEHAETT sk A A
Fxa A52 Agste Aol uigZsith. AAE RE Ao] HYe o=z ™
F e 82 A9 04 ZMgda o¥ £ 9] gEelg, a3y iAol E4
3 AL AAE ARG tid tulE e A ¥4 AAE 1A & A
3= g2 o]zl g Aol

GG ] A4t Ao osiH A9 FH3lr|e} AolE AMgoZE H¥E 847}
WAEH &S & 4 Uk 4 P =&FH9 A 3L Shield CableZ 1
Asle Aol 7B HEm AlFE /A Htelgtn AZEY g8 sdFsriE2e
g Yol Alo]B: R Shield Cable2 mAdE ol Axlze] g A W
qAe uFAs e v gl W £ =559 A7/ FopA EE di Ald A
olBo] xEES A € YA VXS U] WEd B mAd= Re @3}
t}. 9J2o] =Z 3 FAolEut Shield Cable2 TA AT EAe] AR ZEAE <%
20 dB9] Safety Marging 7}Rt}

T-EAA FH A RS-103A18 Wd w2t Foo] Adglel 50 V/ims
2 g8y oy MIL-STD-1512¢]] wt=2d F9 74 J&s| =g 7€ 195 V/m
£ AL3xE =Ho] glen] EMRH Deployment Criteria for Army SystemselA%®
200 V/mE ARSI QoerR o Fxe AxY FEE FHEIE A= HIE TA
7} itz @aEs o] Fgos LA ClEF ghe] 4wl gho] «ldEd FE9
7A¢d+v AsAH AAES Shield Cable2 A= Aol 718 Aoz Adrd
Cable @A}t 37 RF Filter 4] Fol& oF 20 dB A= F &S 712 gu g
T e ZHojth

azy olg} Wasly A3y AAE AR HF AlFAsr2 wAdeE A
o] 8% ulgAsid. Al 7 dAsrl2E Fslr)e) ole] Pinel flo] A7 X%
walo 2 &A1 71+ RFAC (Radio Frequency Attenuating Coupler), AA}u}e] g3k
S AF A ¢+ Optical Fiber 2 #lo]A o] 93t #3lxl= LIS(Laser Initiator
Squib), PEAE 839 xR ¢HASm FI £EEF Y F+ U= SCB
(Semi-Conduct Bridge)s= & 4 slon old ‘N 's G4 47 A= w
E AY 4 A g5E £ AE Aot
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A PAtdeld 2R AAE AR F4 Q2B B d2Bo2 WA

e FAolth, AR WE 4% 4ol U=y dElY. 2 B A2
o] old Aol AUk WA WA Ago]l F&TE WA B8 A= APE
AL dFol Folo} & Folth 2 U AAW VAN T4 dLvRT 0AF
FEol B 4 AoET BA ABANARE AAT M =Y & A Pl

A A, 23 FHojof

Fn B

1.

Edited by E. J. Eichblatt Jr., "Test and Evaluation of the Tactical Missile”, Vol
119, Progress in Astronautics and Aeronautics, 1989.

. J. R. Reitz and F. ]J. Milford, "Foundations of Electromagnetic Theory”, 2nd Ed.

1967, Addison-Wesley.

. Kraus and Carber, "Electromagnetic”, end Ed., 1973, McGraw-Hill.

P. F. Mohrbach and R. H. Thomson, "RF Sensitivity of Electroexplosive
Devices used in the Agenda D Nose Fairing”, June 1964, F-B2209, Franklin
Institute.

. P. F. Mohrbach, R. H. Thomson, R. F. Wood and D. J. Mullen, "Monograph of

Computation of RF Hazard”, July 1968, M~C2210-1, Franklin Institute.

Plonsey and Collins, "Principles and Applications of Electronics”, 1961,
McGraw-Hill.

S. Ramo, J. R. Whinney and T. van Duzer, "Fields and Waves in
Communication Electronics”, 1965, John Willey & Sons.

Engineering Design Handbook, Hardening Weapon Systems against RF
Energy”, AMCP 706-235, Feb. 1972, US Army Material Command.

-156 -



