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FOREWORD

This report documents the on-site test activities for the Advanced Fixed-Ground Based

, S '.ﬁ documcnt was prepared by Booz A Hamil
Mission Research Corporation in accordance with CDRL 10 under subcontract SC-0093-91-0001
of prime contract DNA001-91-C-0093. The DNA project officer for this effort is Major Michael
R. Rooney.
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SECTION 1
INTRODUCTION AND BACKGROUND

1.1 Introduction

he on-site test activities during the HEMP simulation tes
: veen 18 May 1992 and 17 June 1992. Day-to-day acuvitics,
pex serformed, and measurements made are described. Test results are provided from
an operationally oriented viewpoint, i.e. what tests were accomplished in terms of the test
objectives. These results are limited to the on-site observations of the test data. A detailed -
analysisofthedamisinpmgressandtheresultsofmisanalysiSWillbepublishedinaseparate
report. Asummaryofoperaﬁonallusonslwnedandmcommmdaﬁonsisalwpmvidedmmis
Test Director’s Report. ThisTmDiresmr'qusonisinmdedtopmvidgmeraderwiman
understanding of how the test was conducted and the conditions under which the measurements -
were taken. It does not provide conclusions obtained from the data except as they relate to any

future test operations.

1.2 Background

The AFEMPT program is an element of DNA’s Standards and Technology effort to
develop a practical HEMP validation methodology. Specifically, the AFEMPT program supports
this effort by providing EMP test integration assistance to DNA to ensure the understandability,
effectiveness, and practicality of the test requirements and procedures as stipulated in MIL-STD-
188-125 (Reference 1).

q tests and demonstrations sponsored by DNA have focused on
the test requirements and techniques specified in MIL-STD-188-125 which relate to the E1 or

early-time portion of the HEMP environment defined in DOD-STD-2169A (Reference 2).
Recently, under DNA sponsorship, pulse generators have been designed and developed which
are capable of producing the test injection waveforms stipulated in MIL-STD-188-125 for the
E2 (intermediate-time) and E3 (late-time) portions of the HEMP environment.

As a target of opportunity an additional objective was incorporated into th
which addressed pling of the radiated E1 enviro communications antennas.

CW 1Hlumnation tests were conducted p
RF antenna lines as specified in MIL-STD-188-125.




1.3

.cxecunon as they relaze to test conduct actxvmes

Document Contents

In addition to this section, this report includes the following:

which defines the specific test objectives, the test
techniques used and summarizes the test accomplishments in terms of the

objectives.

Section 3. Chronology which provides a day-by-day summary of test activities. ,

ection 4 surement Summary and Results which provides a complete lxstmg

and puon of all measuremcms made along with a summary of on-site test
results.

-ammed during the course of test




SECTION 2
TEST SUMMARY

2.1 Test Objectives

The final objective related to antenna coupling of the E1 environment:

Objective CW-1. [0

2.2 Test Techniques |
The test techniques employed in the course of th.m are summarized here for

each specific objective. Greater detail concerning equipment configurations, types of data
acquisition equipment used, etc. is ded Section 4, Measurement Summary.
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2.3  Test Accomplishments

Ingencmlthetstwasasucmandallplannedobjecﬁmwmaddr&sed.
Approximately 95% of the planned measurements were made. Some of the antenna illumination
tests were not accomplished primaril th figurations of the CWMS antennas and
the setup to measure the 5 ¥ and near the antennas
required more time than plafihed. Inclement weal ons on several days. The
test was completed within the scheduled time period (four weeks) with excellent support from
site personnel.

A brief summary of the results for each test objective are given below.Detailed post-test
analysis of all the data is required to draw firm conclusions for each test objective. The results
presented here are based on the on-site observations only and any quantitative statements are
subject to revision.




- o
L OTDINUINC LIRS LDIAES

RESpONse ¢

’.A".H;_'_,.f (. Y= S) 3
to determine the response waveform of the various an Post-test analysis is required
to evaluate the impact of these measurements on pulse test requirements of MIL-STD-

188-125.




SECTION 3
TEST CHRONOLOGY

3.1 Introduction

This section presents a day-by-day compilation of significant test activities. The number
and types of measurements acquired each day are also provided.

3.2 Daily Test Activities

18 May

20 May

2 ; .

The E3 pulser and th-genmtor to power the pulser arrived on-site and

weresetupattheEastmdofmefacilityparldnglot.Asafctyamwaseordoned o

off by site personnel. The E2 pulser and some associated equipment were also
delivered. The E3 pulser checkout procedure was accomplished and the only
measurements made pulser calibration measurements into a 50 ohm load.

from about 190 V to 950 V charge voltage were accomplished. Currents were
monitored on the pulser output and return and ranged from about 30 amperes to
about 170 amperes. Six good data records were acquired; the data was off scale
for one of the tests. No facility disturbances were noted. Internal test points for
this objective were identified. :

nued. The 200 ampere current level was achieved i

S After several measurement
attempts it was found that keying the handie-talkie radios was interfering with the
measurements. A procedure was established in which no radio keying was
performed after t-5 seconds and valid data was acquired for two injections and
two test points. One of these injections was a series of ten second “on”, ten
second "off” periods to establish correlation of the measured response with the
E3 pulse. Ambient noise and pick-up noise measurements were also made. A total
of ten valid data records were taken in the facility. Two records of the pulser
output and return current were also made.

-njection testing continued. The response and ambient noise was monitored
on nine additional test points with repeatability data taken on one. No facili
disturbances we ried and the injection configuration was changed ,
S % T Measurements of the pulser output and return currents were
made for two charge voltage levels. A total of 20 valid measurements were made.

6




for the injection across the larger dimension &

’metwowstpomtsshomgthelargmrwpons&mme
& injection were monitored and no resp

S niection configuration was established
B9 and the two points were repeated.

no further mfomxauon could be obtained for tmsobjecnve and the remamder of
he day was spent siti lomhonsfortheCWMSantmnas 5 :

valid data obtained
Memorial Day holiday. No test activiﬁ&s,
Setup was initiated for tests under objective E3-2(58 | i However

due to heavy rain it was desmed unsafe to operate the E3 pulsex - balance of
the day was spent doing preliminary setup of the CWMS antenna at test plan

location number 2. This effort mcluded clearing the area of salvage equipment,
measuring stake locations and driving stakes, and moving antcnnapartstoa

staging area.

hncnn of the transfer function. In order

the injected currents were limited SO
eCWMSvem@,lamcnnasetupatlomnon2wasconducted
in parallel and completed.

Tests for objecuve E3-3. 48




testing was comp ‘at about 1300 hours with the acquisition of 18 data records.
Set up of the E2 pulser was initiated, but no valid data was obtained.

Testing for objective E2-] ;ﬁ,‘ @ was conducted. The drives were

reference ﬁeldscn rs. The reference field was monitored at this height for all
antennas since the antennas are at least 13 meters above ground. The only data
obtained was a reference field measurement for the communications tower
antennas. :

' e &% During the oon, - CW
measurements were re-initiated but due to RF amphﬁer drop outs only one valid
measurement was made. .

Due to the amplifier drop-out problem and the potential risk of damage associated
with frequent raising and lowering of the reference sensors, a decision was made
to use a "live” 1 meter high reference as opposed to a stored reference.(Amplifier
drop-outs are readily detectable only in the reference channel.) The transfer
function between the 13 meter and 1 meter reference would be recorded for post-
test processing. It was later determined that the amplifier drop out was due toRF
EMI affecting the new AC generator used for the RF amplifier. This generator
has electronic control circuitry and when relocated about 30 feet from the CWMS
antenna, the drop outs ceased to occur. Ten measurements for the tower antennas
were made including ambient noise for each. The 13 meter reference tower was
'moved to a position for measurement of the #10 fan-doublet antenna.




4 June

~ reference orientation was used

Measurements were made for the number 10 and number 9 -zmennas
A total of nine measurements were made including pick-up noise, two 13 meter
references, and two reference response measurements at the 1 meter height.
Ambient noise data were obtained for the four antenna measurements.

spent domg up o |
clearing and staging of the antenna elements
No measurements were made.

e ren gmfortheCWMSvanmn
out of fuel in the early afternoon. A fuel delivery which had been scheduled to
occur on Friday (5 June) did not arrive.

Repair of the D-dot sensor was awomphshed using a metal-epoxy adhesive.
However, no additional test time was lost to this repair since site operations in
the antenna area precluded testing until noon. Measurement of the reference field
for the horizontal polarization indicated the presence of nulls in the field at the
13 meter height near 40 MHz and 80 MHz. The source of these nulls could not
be resolved. Three meas luding one pick-up noise run were

10. Data fi #9 on this date is erroneous since the wrong

Measurements forf e I8 #O were repeated using a "live” reference at the 13
meter height in the interest of test efficiency. Attempts were made to define the
source of the nulls in the 13 meter reference without success. The nulls do not
appear at 1 meter or at three meters and could not be traced to measurement
technique problems. The reference tower was moved for horizontal polarization
measurements of the communications tower antennas. These unplanned

completing all CWMS location 2 measureménts. Tt
shows an interfering signal of varying amplitude at about 870 MHz. Movement
of the CWMS antenna to test location 1 was begun.




16 June

17 June

18 June

The day was spcntmomgtheCWMSanm The decision was made to set up
the horizontal array only. This was based on the information we received that we
would not be allowed to test on Monday mormning (15 June) due to site mission
activities and if we set up the vertical array first there might not be time to set up
and perform horizontal tests. The antennas of interest at CWMS location 1 are
horizontally polarized. Further the wires which form the vertical dipole would
have to be pre-hung on the tower as it would take a full day to lower and raise
the tower if not pre-hung; if this were done any wind would likely twist the wires
and they cannot be untwisted from the ground.

. Per site direction, no testing was performed until afternoon. Horizontal antenna »

deployment was completed as was erection of the reference tower for
measurement of 711 and 12. In the afternoon four amenna
measurements and the reference s;nsor measurement were made.

The reference tower was moved for measurements of th

antenna. The refereg sfer function was measured along with four
measurements on thq 8 Dantenna. The short circuit and 50 ohm currents
were monitored for boresight incidence and side-on incidence. This completed the
planned antenna response measurements. The reference tower was moved to a
position to perform a full six component field map of the horizontal antenna at
the 13 meter height.

The 13 meter height field map was performed in the moming and six
measurements were recorded. Packing of equipment for shipment was begun.

Equipment packing was completed and equipment shipped to S-cubed in San‘
Diego.

10




SECTION 4
MEASUREMENT SUMMARY AND RESULTS

4.1 Intreduction
This section provides descriptions of the measurement configurations used in th

test. Descriptions of the data acquisition equipment and procedures are included. Test res
which are based on on-site examination of the data records are also summarized.

42 E3 Simulation Tests

The E3 simulation tests were performed usmg the DNA E3 pulser which produces the
"long tmle pulsc waveform as specif] MIL-STD-188-125. The ulsero put amplitude is-
. oy the cha » : i

The pulse was delivered to the injection points via several hundred feet of 250 MCM
cable which was connected using welder’s clamps or standard electrical lugs depending on the
injection point. All data was acquired using an Astro-Med Inc. recording digitizer. This device
produced strip chart records for on-site evaluation. The data was transferred to floppy-discs via
a portable computer for post-test analysis. Since the full E3 pulse lasts for about six minutes,
these data records are very long (several thousand bits). In many cases "short" records (10-30
seconds) were acquired for test set up purposes and on-site diagnostics in order to avoid
excessive data storage problems. The few megabyte hard-disc storage of the portable computer
could be filled in a few hours of testing and would have to then be archived on the ﬂoppy-dxscs :
This process required almost 15 minutes per record.

A unique coding system was used for the E3 data records. An eight character filename
was employed in all cases. The first character is the number 3 indicating that the data is for E3
tests. The second character is a letter A, B, C, which correspond to increasing charge voltages
i.e., charge level C is greater than level B which is greater than level A. The character Y was
used as the second character for ambient noise measurements (zero pulser charge). The third
character is a zero in most cases. Where the letter N appears-as the third character, a pick-up
noise measurement is indicated. The fourth through sixth characters correspond to a specific test
point. The complete list of test points are provided below. The seventh character is a repeat
indicator: the first pulse is always A with B, C, etc. used for subsequent pulses. The last
character indicates the type of measurement made and is cxthcr C for current orV for volmgc
Thustheﬁle "3A002513C indicates an E3 test at t :

character is indicator, and the last indicates current ©) or voltagc (V) Table 1isalist

11
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L currents as high as 205

011 current
019 current.

011 and 019 current.

= L




o 1

response at 011 was reduwd by about half. No msmrbances
throuehout the conduct of these tests.
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The E2 simulation tests were performed using the DNA E2 pulser which produces a
waveform in accordance with the MIL-STD-188-125 test injection requirement for the
"inte iate-time® pulse. The pulser output current is varied by varying the charge voltage

_ th test charge voltages ranged from 1 kV to 8 kV resulting in drive currents fmm about
50 amperes to over 400 amperes. Although charge voltage headroom was available @88 :
no attcmpt was made to mject the specified S00 ampere pulse as apretauuon o

: ’-5 fcTal ng was conducted at 4 kV for common-mode injection and at 1 kV for
dlfferennal mode injection.

17




Data was recorded on HP54111 digitizing oscillos
The digitizers were controlied by a lap top compiter ¢
data storage as the pulse data acquisition system e  §
made using a Pearson 1114 solid core (not clamp-on) current . connected to the digitizers
via double-shielded coaxial cables.

The test points for E2 tests are listed in Table 2. The filenames for the data are simply
thethrecchamctcrmpointcodcgimin'rablc2followedbyﬂxeletterAthrough}(for
repeats (the first measurement has n letter suffix) and the letter U for pi noise. Ambient
noise measurements were not mag ' ; :

The test configurations for the E2 common and
| 10 those shown in Fig 3a and 3b for the E3 testg '

The common mode drive was connected to E26 and current measurements were made
of the input drive and at test points E23, E24, E25, E27, E28, E29, and E210. A pick-up noise
measurement near E29 was also made. The transfer function was linear between a 4 kV and an
8 kV charge voltage and was about 1:210. '

18




The following sets of measurements were made for differential mode drive—

Drive E25; Measure E27, E28, E29, E210
Drive E24; Measure E27, E28, E29, E210

Drive E23; Measure E28, E29

The measurement sequence for drive of 1=.123 S

4.4 Antenna Rsponse Tests

The antenna response tests were performed using the DNA CWMS eqmpmcnt’ site
- A tcnnas were muxmnat@d thh honzontally and /or vertically polanzed ﬁelds :

The antenna responses were momtored '
. The antenna coaxial cables were term
each polarization/orientation configurati

approximate relz : o
although a mmurementwas bcmg made on one antenna, a.ll the antennas are Mummawd to

C bserve non-musal responses in terms of the propagation AT
3 below provides approximate cable lengths for all the measured antennas.

The reference field data for all the antennas was monitored at a height of 13 meters above
ground. The approximate height of the antennas is provided in Table 3. The reference sensor
was located in the vicinity of the antenna under test as listed in Table 3 and as shown in Figures

19 ' ‘ng 20 V%b\lef‘\o
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"M‘MWM(&Wma@—QdM)Mhm
considered a risk to raise and lower the reference sensor numerous times. Therefore the transfer
function from the 13 m height to a field sensor mounted on a one meter stand was measured.

mmmmmmwfm@m resnonse data acquisition. This technique was

The only data obtained on-site consisted of frequency domain transfer functions. Due to
software problems extrapolated responses and time domain responses could not be obtained.
Therefore themults ofthwemwﬂlmtbcavmlableunulaftapost-mtanalyms All the

Table 4 provides a list of all measured responses includmg the 1m/13m reference transfer

functions. Figures 6 through 11 show pertinent geometry relationships of the CWMS antenna,
the antenna under test, and the reference sensors.

21
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5.1

SECTION §
RECOMMENDATIONS AND LESSONS LEARNED

E3 Simulation

® The test demonstrated the feasibility of conducting E3 simulation tests at an
operational facility. Hazards to personnel and facility equipment can be
minimized, although never totally eliminated due to the nature of the threat
environment, if proper procedures are followed.

o
furing thef eI Ficst stood on a "Jadder to contro! the pulser, oFle was exposed
to the elements for long periods of time. Such an operational procedure can lead
possible error h1c nsndenng the ergm vlved could be

obse.rve the posmon [

o The data acquisition system employed S NP
required frequent and extended periods for dam arch vmg lfthe Bpu!serzs to
be emplayedforau exteiadedf ility _

yshould be included in the

31




5.3 CW Testing

L Mahypmbhmswmmmmmuﬁngmlsmmmm.mmm
mostly due to lack of general familiarity with the unit. Time should be devoted
to establishing a standard operational procedure forthg use of the tower.

° Thcdmp-outoftheRFampliﬁermmmmgrmtappmhmsionmusememred
reference feature of the system. The process of sthchmg Sensors for a “live”
refcmncexsumewnsunungandso etimes inef} \ 3
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