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SECTION I 

HOHODUCnOM 

Jmss 1992. 

The overall propose of the test »es to i^mre test «to to support the to^er^ 
of ME^r&18&425 (Reform« 1), end to demosntmsithe test reqiMemesß 
standard is praetke. The teas addreaed the fcBowi«.fllaeciwe«: 

is this 



To define waveforms for injecting antenna lines, and thus verify the hardness 
of radio equipment against HEMP, measurements at typical antennas are 
necessary to ensure that the waveforms properly represent the induced threat 
transients. 

Useful measurements at all antennas were acquired for this purpose. 

DOD-STD-2169A specifies the HEMP field eirvironments%n terms of three time regimes: 
The early time (El) field pulse, the intermediate time (E2) field pulse, and the late time 
(E3) field pulse. 

All three environments induce current pulses on exposed electrical lines. MIL-STD-188-125 
defines generic current pulses for each environment: The El field environment produces 
the Short Pulse, the E2 environment produces the Intermediate Pulse. andJElproduces the 
Long Pulse.   ^^ggg^^^^^^^^^^^^Üffl      -_.        „ ._ 
Unfortunately, the terminologyofDOD-S^M169A is now also widely used when referring 
to the coupled currents. For example, the Long Pulse is also known as "E3"; the 
corresponding pulser is called the "E3 pulset." This short-hand presumably does no harm 
as long as environments (in Volts/meter) and coupled currents (in Amps) are not confused. 

The test i Idressed all three HEMP time regimes: 



The Intermediate Pulse test data (obfeow® 4) am commute m Seeöö® 4. 

Section 4 documents the antenna coupling measurements (o^^p-J^^St %L 
recommendations are summarized in Section 5. Rr dental .descrmüons of the tes* 
activities see Reference 2. 
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SECTION 2 

LONG PULSE COMMENT <E3) INJECTIONS 

requirements. 

tbe pulser output 
increased 

Sie the measured peak amass cm the pute output cable tad cm the return, 

respectively. 

Since the return current is equal to the pute output ^^^^J^T^ 
accounted for, Le, Kirchhoffs circuit equations are sailed   The last cotaon«the 
Smated path resistance (R^). It is m series withitbe puto sourcej"*«'»^*"' 
by design)^ can be estimated from the ^ 
input or return current 1^ as follows: 

*M1H m7^~5 1L-5       (n) (2-1) 

Tbe calculated values in the last eolumn]^fflfcfe|Ii
niri,eate that ™e oatnjBSiSBnce is less 

than 1 ol   
mgl^^^miäSf^^SS^S^^^^^^^^^S^^^^^^\ The 

The waveforms were fecoTds6§^gg^^S^l^^^S^^^^^^™^^^s^S!^ss^' 
transients were generally sampled^e^TSTThusTfor a fall E3 measurement, there are 
360000 samples (9 Mbytes). Consequently, the full time history of the measureme^ saaaot 
be plotted in a useful manner, instead, narrow time windows were selected m all following 
displays. 

Figure 
The ripples on the E3 pulse 
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ANTENNAS 

SECTION 4 

HEMP COUPLING M^OTMMEOTS 

4.1      OBJECTIVES AND OVERVIEW OF DATA ACQUmm 

hvere selected for CW Shimisiasion to measure the 

extrapolated to the HEMP eimrameas, and awse Femur trassftrasefl. 

_ antennas were flkmtated «Aba field polarised pmM » the prindpd 
. m Xane to annbtte won«« HEMP «9*1» to ^^^.^1^ 

iuumiiiated with a ooss-polMraedMd ae« the asmslatgr. 

42 

; two measurements (1^, 1$^ for 

^ANTENNAS TESTED. 

Brief descriptions of each antenna and simulation eonSfuratioiis are provided in the 
following subsections. 
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43.     VESCUFnWCirTBETEStSßNDW^noaSSDK. 

43,1   JtaiiimaaBj ******* ™aaSm*iM' 

Ten Sen»- Figure 4-9 shows the CWMS simulator used tottdii» *w^^J^^ 

V dipole to radiate at discrete freonenaesbemeea 100 KHz to«UMasSL 
102 MHz to 1 GHz., 

"ideally, one would measure the trasufa function W^ ^j*« * *? SSSUffiJ! 
2 hue, and E- is the field at the antenna location, but with the«^ ""^fc 
rS£ri»d & field at te antenna location].   » ?* «^ÜES^SSfc" 
measured, the HEMP induced current could simply be obtained by mto&m te ™» 
function by the E^ produced by HEMP at the same location. 

In practice, the antenna cannot be "temporarily removed" To measure the undisturbed (Le, 
,oÄ the antenna scatter) simulation field, the field sensor is .^"**" 
*e antenna ban open area. In addition, due to test equipment constraints «**""£ 
terrain, it was also necessary to ntfli» an intermediate field measurement dof^to the 
simubtor. These field measurements are referred to as «reference sensor- measurements 
below. 
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♦ «^m «,? as shown in Figure 4-9. Hence, the antenna current In sum, the measurement setup was as snown w r^^ 
relative to the simulator field at Rl is: 

1ANT (u) $ANT ' \«, N 
[B, Nl [s, Ml 

{A-m/V) (4-1) 

_^   i_ *%.*. ~™,»m krarkets indicate measurements. The first measurement 

firfd *RTLL closest to the antenna, relative to the magnetic field at R* Since the 
^eÄd^fout (in theory and in pM the -» <-"«^» |« 
R^T obtained.  The reference locations R® and Rj are identified m Table 4-1 for eacn 
measurement. 

Processing: To calculate the antenna response due to a HEMP, the transfer function in 
SKis extrapolated; Le. it is multiplied by the electric field strength which a 
KEMP would produce at R,. The denominator of the transfer funmon is the"riOnadett 
3us reflected off the ground) electric field at 13 m above ground. Since the ^P*"» 
rTcnon^S be consistent with the simulation, we need to calculate the total HEMP field 
at that location per Appendix A. Thus, the extrapolated current is 

rHEMP 
IAffT («) 

Ijnr   . ^w^J^e*]        MHz) (4-2) 

*,N 

where RH and a ait from Appendix B. The incident field   E^' 

HEMP waveform EMP-1 defined by Reference 10: 

is the unclassified 

££M (0 s 6A25E4 fc "^ "*) (F/m) 

e = 3.00E7 sec"1, b - 4.76ES sec"1 
(4-3) 

Ihe result is the frequency spectrum of the antenna current due to a HEMP, and the 
current transient is obtained by taking the Fourier- inverse transform: 
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«fc 
.HEW 
lANT (o-i //Ar»*-« (4) (4-4) 

i ♦*,» ««t^rma tam-ats measured wife the horizontal fflumination field s; rssÄ: ^rrs«.- APP^ C !»-_*__ 
5_Ä£T!!___-i«»««^ a™eroai

J. 
<^Bpanson pl0B        ^ 

measured vs. ambient noise are included m Append« D. 

A22   Vertically Polariied nbudutloa. 

Test Setnp:  Figure ^^£°%^^^^3££2£ 

^a^SMHzisab<»tTmdU.hegn^^ 
„Ttop of the monopole structure). The mnsennences of tmsjnconastency are «iscussed 

below.  

For the reasons discussed in the prevk» section, two reference (field) sensors were 
employed The antenna current relmwe to the vertical elecmc field at R, is: 

'ANT 

E,{RX) 
(*>) 

%ANT o 
H7(RJ 
[£Ä)J 

(A-mfV) (4-5) 

where the quantities in the square brackets indicate measurements. The first measurement 
is the antenna current relative to the magnetic field at R* and the second is the elecmc 
field at R,; i.e., closest to the antenna, relative to the magnetic field at R*. Since toe 
magnetic field cancels out, the antenna current relative to E, at Rj is obtained. The 
reference locations R«, and R, are identified in Table 4-1 for each measurement 

^e only exceptions are files H031A and H032A, where the antenna currents were 
directly measured relative to the horizontal electric field at R,. This is indicated in Table 
4-1 by the comment "live ret" 
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Figure 4-10. 

Processing: To calculate the antenna refuse due to a HEMP, the wasBer fandMB m 
Equation (4-5) is extrapolated; iA, it is multiplied by the electric field strengt wüeö a 
HEMP would produce at Rr As before, the extrapolation function must be consistent wits 
the reference field (Le^ the denominator of Equation (4-5)). Sinee the simulator has two 
different source locations, we must consider two eases: 
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ground.   If the ground were a f^J*J^v ^ ^^ ^ f^ g«^; i^, 

^ conductor, the fields are meident fi^F^e^^ZSS 
Srm to account for the finite earth conductivity. J^*e^^ purposes, 
the correction term is neglected; and, hence, the extrapolation is. 

As before, the unclassified waveform EMP-1 is used for   ff* 

102MHztolGHE The radiating element is a logjeriodic ^tenna, roughly 
21 m above ground It produces a total field (incident plus reflected off the 
ground) at the reference sensor at R,. Accordingly, the extrapolation function 
(from Appendix A) is: 

£-—«'[i^i-^"ir   Hr) (4-7) 

The approximation follows from Appends B which shows thai Rv is much smaller Jan 
umtj- hence, the extrapolation function in Equation (4=6) can be also be used at high 
frequencies. 

The resulting frequency spectra for the HEMP induced antenna currents, and the inverse 
Fourier transforms are presented in Appendix C 

4.4      HEMP INDUCED ANTENNA CU1IIENTS. 

All measurements were processed as described in Section 4-2, and äKHEsSiÄ 
Appendix C  Theiesutearejurnmjm ^J        i^sW 
 jSMff^^^P^PP^^^^^^^^^^^^^^^ The file name indicates 

wneffier toe ^SonS^^Ssm^atorwasused^efk^), or the vertical simulator 
(prefix "V") The column entitled Tolar" describes whether the simulator fields were 
parallel to the principal antenna radiating structure ("WORST CASE"), or perpendicular 
("PER?"). The next column identifies the load on the antenna coaxial cable; i.e., whether 
the current was measured into 50 ohms or into a short circuit 
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7iecolu1m.enriüedT^deCWMSVotamS-mdira«swheü.ertheKStobjea(an«enna)WaS 

outside the simulation volume. 

JÄ^SftOT. the simulator to the «atom, .ffld R, is the distance from the smulator 
to the reference location Rs. 

4.4.1 RepresCTlstl^e Results tor EMA 

Table 4-1 shows that worst case polarization indeed produces the largest currents in the 

in the following figures (Figures 4-11 to 4-1?) for the worst case polarization of the modem 
^S^S^-TM-^ Each figure delays the spectra and the tame 
domain transients. 

Note that the short-circuit and 50 ohm current waveforms are quite similar; Le, the short- 
circuit current is about twice the current into 50 ohms. The reason for this is discussed in 
the next section. 

4.4.2 Antenna Impedance. 

Figure 4-20 shows the electrically important elements of the coupling paus from the voltage 
generated at the antenna terminals to the test load, and the equivalent circuit for this path. 
This circuit represents the HEMP stress seen by the radio equipment; hence, it is the ideal 
injection test simulator. 

The only unknown in this circuit is the input or source impedance Z& which can be 
calculated by 

2*. -50 
/- -/. 

<o) («) 
so 
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SECTION 5 

CONCLUSIONS AHB RECOMMENDATIONS 

gasweis to afl is^ss 
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ISSUE; 

What test waveforms adequately simulate HEMP stresses on test radio equipment connected 
to antennas? 

OBSERVATIONS; 

HEMP coupled stresses to antennas can be adequately simulated with damped sinusoids as 
suggested by MIL-STD-188-125. 

The revision to the standard in Reference 7 provides better test coverage because it uses 
two damped sinusoids for each antenna, 
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i 
Tfc. ,™;-»„« stressing the radio equipment «an be represented by an equivalent Tneyenin 
2^SSSSÄ^«f ^ 100 corns. Observed quality factors (Q) are lower 
than the Q= 10 required by MIL-STD-188-125. 

CONCLUSIONS: 

Neither MIL-STIM88-125 nor prmoasiy suggested revisions account for the eSeets of a 

tower. 

RECOMMENDATIONS! 

Adopt the suited revision in Reference % but add the requirement that the 
sinusoid at 2 MHz with 500 

he radio 
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APPENDIX A 

A-l 



Uß      BACKGROUND 

         Sw?qtofa ^teSOOA.iijgtäimsImtoiil^aiid 

l^^m fFWHM) of aboat 5 m 

2J)     CIRCUIT MODELS 

The schematic in Fig. 1(a) can be reduced to an equivalent circuit shown is Fig. 1(c) 
ilences, The fcst reäneaon reflects the 2 ohm astanee 

;) using 
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€>W q€g» ^ä& (SOB 
"A«C 

(a) 
4%öJ\l 

(b) 

Hk£ (WSB) 

(c) 

SOO 

400 

soo- 

I 
«I 

200 

100- 

18£ (tm) 

Figure 2.       Circuits and responses for the E2 pulsen (a) circuit model, (b) earfy-time 
response, and (c) late-time response. 

A-5 



i 
THIS PAGE INTENTIONALLY LEFT BLANK 



APPENDIX B 

CALCULATION OF TOTAL FIELDS 

TMc Annendix contains the equations to calculate the total (incident plus ground reflected) 
?S ^P, WhTh^rüie ^ound. The equations are for a horizontally polarized plane 

w^ve mddent magnetic field is parallel to the ground). The plane waves are modem along 
rpTop^ation Son which if m the xy plane and forms an angle 6, with the z-axis. 

The angles of incidence are between 68 * and 83 •, depending on ^«««^^^ 
CWMS Simulator and the height of the antenna tested The earth parameters E* "«? 
estimated by matching the calculated field transfer functions to the measured transfer 
functions. The estimated values are e, - 5, and a - .01 to 1 mho/m. 

The approximations for small x are provided for convenience. They are valid at frequencies 
where the ground is a good conductor. 
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HORIZONTAL POLARIZATION 

cose. - [er (i+x) -^ *$" * _l4>: 

COS8,. + [er (l*x) -sin2 6/ f* 

■2 COS84. 

■ TOT 

Ä 
7OT 

^(l^^^)ffl2£„COS8,.^|^ 

-i cose,. (l-V1) - — 2 cose,. i- cose,. 

/f7177" - fisine,. (l+Zke*) - — 2 sine,. COSe, er 

a « 2* ä COSe,.;   % ffi <*/;<*. approx. valid for |x| > >1 
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VERTICAL POLARIZATION 

*r(l+%) COS® . . [Cf (i^) -sia2 ej*   m t_      2 J^c 

.TOT 

— r   „   :    .7 fi"P/2 cose,. N   a 
€r (i*x) COS®,. + [er (1*%) -snP ®J 

E0COSBi(l-Rve^s) ^Ee2 
a 

El07  - ^0sin®,. (l-tf,e*) - Eg 2 sin®,. 1- 
COS®, \    a 

]**c 

{ 
H, TOT 1 

COS®, ^    a 

;«•*« 

a - 2fcöfc COS®,.;   % s a/joet  approx. valid for j%| > >1 
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APPENDIX C 

ANTENNA COT&ENTS 

Tte appendix contains plotsof the -^XSST^^f^lüed ÄüS 
to HEMP environments.   Measurements with ^^^^^po^d t0 ^ 
electric field (cf. Section 43.1), and measurements with prefix "V" were extrapoiaieo 
incident electric field (rf. Section 432). 

For each measurement, the frequency domain amplitude specks plotted in dB = 20 log 
11(«) |. On the same page, the inverse Fourier transform is shown. 
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APPENDIX D 

SIGNAL TO NOISE PLOTS FQRTjgE_         
CW ILLUMINATION MEASUEEMENTS OF THE^g^NTENNAS 

The upper trass shows the signal; the lower traee shows the corresponding ambient noise. 
The difierence is the signal-to-noise ratio m dB. 
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