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NEM 90

On behalf of the Organizing Committee for NEM 80 and the
Permanent NEM Committee, | would like to welcome you 1o the seventh
Nuclear Electromagnetic Pulse Meeting, the fourth to be held in
Albuquerque. We are doing our best to maintain the standards of
hospitatity and cordiality established in the past. The technical agenda
for the meeting reflects the changing emphasis on electromagnetic
threats to defense and civilian systems. There is more attention being
paid to transient or pulse-related threats which are non-nuclear in origin.
It is our intention to provide the most congenial atmoesphere possible for
you to absorb and reflect upon the new and updated information being
presenied. We hope your stay in Albuquerque is a pleasant one and is
capped off with a number of new friends and acquaintances.

LN G Do

M.G. Harrison, Chairman

This conference is sponsored by the Summa Foundation and is
held in cooperation with IEEE organizations (Antennas and Propagation
Sociely, Electromagnetic Compatibility Society, Microwave Theory &
Techniques Society, and Power Engineering Society), U.S. National
Committee of the International Union of Radio Sciences (USNC-URSI)
Commission B (Fields and Waves) and Commission £ (Noise and
Interference Environment), Electromagnetics Society, Weapons
Laboratory, Defense Nuclear Agency, Harry Diamond Laboratories, and
the Naval Surface Weapons Center.

Selected sessions of this conference are jointly sponsored by NEM
and by the U.S. National Committee of URSI, Commission E. These
sessions are designated by both NEM and URSI (E-_} session

numbetrs.



COMMITTEES

M.G. Harrison, Chairman
R.L. Gardner, Chairman Emeritus

Arrangements: D.P. McLemore, Chairman

E.P. Chivington, Vice Chairman

H.H. Pohle
Facilities: S.H. Gurbaxani, Chairman
Finance: W.D. Prather, Chalrman
Publications; J.F. Prewitt, Chairman
Registration: M.A. Dinallo, Chairman
Awards: B.K. Singaraju, Chairman
Fellows: K.F. Cassy and W.A. Radasky
Corresponding: C.E. Baum, International Coordinator
Technical Program: C.W. Jones, Chairman

AW, Biggs

H.G. Hudson

R.W. Shoup
HOST: UNIVERSITY OF NEW MEXICO
SPONSOR: Summa Foundation

In Cooperation with:
Institute of Electrical and Electronics Engineers:
Antennas and Propagation Scciety
Electromagnetic Compatibility Society
Power Engineering Socisty
U.S. National Committee of the International Union
of Radio Science {USNC/URS):
Commission B: Fields and Waves
Commission E: Noise and Interference Environment
Electromagnetics Soclety
University of New Mexico
Air Force Office of Scientific Hesearch
Weapons Laboraiory
Army Research Office
Harry Diamond Laboratories, Naval Surface Weapons Center
Oifice of Naval Research
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TECHNICAL PROGRAM

8:30

8:40

MONDAY, 21 May
830 - 10:00 g.m.

SIMULATION MODELING
Session NEM-1A
Room 101

Chairman: J. Shiloh
Rafael, Haifz, Israel

Session Introduction

An Exact Method for Calculating the
Fields of a Wide Angle Biconlcal Anienna
with Resistive Loading, |. Kehlberg, Kohlberg
Associates, Inc., Alexandria, VA

The External Field Environment of
VPO-ll, KF. Casey, JAYCOR, Framont, CA; and
M.J. Sabochick, Air Force institute of Technology,
Wright-Patterson AFB, OH

Electromagnetic Modeiing of Reflecting
and Diffracting Fences Which Reduce the
Far Fields of EMP Simulators, . Kohlberg and
P. Elliot, Kohlberg Associates, Inc., Alexandria, VA;
and T. Waltemyer, Harry Diamond Laboratories,
Woodbridge, VA

A Numerical Method for Calculating the
EM Field Radiated by EMP Simulator,
S.R. Zhang and W.Y Wang, Institute of Eiectronics,
Academia Sinica, Beijing, China

Break
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10:00

MONDAY, 21 May
8:30 - 10:00 a.m.

CABLE COUPLING:
EXPERIMENTAL CHARACTERIZATION
Session MEM-1B, E-1
Room 103

Chairman: E.F. Vance
SR Internationat, Menlo Park, CA

Session Introduction

CW Transtfer Impedance Measursments

for NEMP Purposes - A Comparison of
Ditferent Technlgues, C. Goldstein, Rafael, Haifa,
lsrael; and P. Mani, NC Laboratory, Spiez, Switzerland

Pulsed Mode Transfer Impedance
Measuremenis of Coaxiai Cables, C. Goldstein,
Rafael, Haita, israel: and M. Sutter and P. Mani, NC
Laboratory, Spiez, Switzerland

Mezasured Insertion Loss of Aerospace
Cables In the 0.5 {0 18 GHz Frequency
Range, L.0. Hoeft and J.S. Hofstra, BDM International,
tnc., Albuquerqus, NM

Effecis of Environmental Testing on the
Surface Transfer Impedance/EMP
Response of Cable Assembiles with Metal
Banded Brald Terminations, L.O. Hoeft and
J.S. Hofstra, BDM International, Inc., Albuguerque, NM;
and G.L. Dibble, Sigmalorm Corporation, Santa Clara, CA

Break

i-4



MONDAY, 21 May
8:3¢ am. - 1210 p.m.

ENVIRONMENTS AND GENERAL TOPRPICS
Session NEM-10, E-3
FRoom 104

Chairman, MW, Wik
Defense Materiel Administration, Stockholm, Sweden

Page
8:30 Session Introduction

1. Effects of initlation Detalls on Lightning 9
8:40 Radiated Fields, R.L. Gardner, Mission Research
Corp., Albuguercue, NM

2. Scattering of an Elsctromagnetic Plane Wave i0
9:00 from a Lossy Half-Space in the Time Domaln,
Using the Inverse Laplace Transform
Analytically, J.J A Klaasen, TNO Physics and
Electronics Laboratory, The Hague, The Netherlands

3. On the Time-Domain Translent Electric Fleid 11
9:20 Reflected from a Finitely Conducting Earth,
P.R. Barnes, Oak Ridge National Laboratory, Oak
Ridge, TN; and F.M. Tesche, Consultant, Dallas, TX

4, Evaluation of Enhanced HERP Effects, 12
9:40 W.O. Coburn, .8, Army LABCOM, Harry Diamond
Labaraiories, Adeiphi, MD

10:00 Break

5. Shielding Effectiveness Database, 13
10:30 M.K. Melnarney, U.3. Army Construction Engineering
Research Laboratory, Champaign, L

6. Hesearch and Development Meedad io Meet 14
10:50 Naval Alrcratt Electromagnelic Pulse and
Lighining Test and Evaluation in the 1990's,
S.J. Frazier, Naval Alr Test Center/S3Y84, Patuxent

River, MD :
7. A Case for Standardization of EMP Hardening 15
it:10 Terminelegy, W.C. Hart, Metatech Corporation, Goleta,
CA
8. Pevelopment of Lighining Research, Deveiop- 16
11:30 ment, Test Evaluation Capabilities for

Department of Defense Use, S.J. Frazier, Naval
Ajr Test Center/SY84, Patuxent River, MD

9. An indlan View of Nuclsar Electromagnetic 17
11:50 Puise Protsction Policy, G.K. Deb, Electronies &
Radar Development Establishment, Govi. of India,
Ministry of Defence, Bangalore, India
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10:36

10:50

11:10

11:30

MONDAY, 21 May
10:30 a.m. - 1210 p.m.

SIMULATORS
Session NEM-1D
Room 101

Chairman: R.W. Shoup
Detfense Nuclear Agency/NMRS, Kirtland AFB, NM

Design of INSIEME Bounded Wave EMP
Simutator in ltaly, P. Papucci, Cresam, ltaly;

L. Bolla, Aettalia, Torino, Italy; F. Pandozy, Face, Rome,
ltaly; U. Sinibaldi and C. Cacciatore, Elmer, Pomezia,
italy; K. Salisbury, Y.G. Chen and R. White, Maxwell Labs,
San Diego, CA; and D. Giri, Pro-Tech, Berkeley, CA

VEPES-Swiss EMP Simulator Design and
Performance, J. Shiloh and A. Rosenbarg, Rafael,
Haifa, Israel; and P. Mani and M. Sutter, NC Laboratory,
Spiez, Switzerland; and D. Giri, Pro-Tech, Berkeley, CA

EMP Simulators a Health Hazard? Measure-
ment Results from the Swiss Simulator
MEMPS, P. Mani, NC Laboratory, Spiez, Switzerland,;
and F.M. Tesche, Consultant, Dallas, TX

Electromagnetic Pulse and Lightning
Simulators at the Naval Air Test Center,

S.J. Frazier, Naval Air Test Center/SY84, Patuxent River,
MD; and W. Cordova and G, McArthur, BDM International,
Inc., Albuguerque, NM

i-6
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20
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MONDAY, 21 May
10:50 am. - 1210 p.m.

CABLE COUPLING: MULTICONDUCTOR LINES
Session NEM-1E, E-2
Hoom 103

Chairman: . Hansen
Asea Brown Boveri Ltd., Baden, Switzeriand

i. Mechanisms for the Splitting of 23
10:50 Degenerate Natural Frequencies in
Coupled Multiconductors, G.E. Baum,
Weapans Laboratory/NTAAB, Kirtland AFB, NM; and
J. Nitsch and R. Sturm, NBC Defense Research and
Development Institute, Federai Republic of Germany

2. On the Inclusion of Loss In Time-Domain 24
11:10 Sclutions of Fleld-to-Transmission Line
Coupling, F. Rachidi and M, lanoz, Swiss Federal
Institute of Technology, L.ab. de Reseaux d'Energie
Electrique, Lausanne, Switzerland; and C.A. Nucci,
Boiogna University, ist. di Elettrotecnica Industriale,
Bologna, ltaly

3.  Waveguide Model of Multiconductor 25
11:30  Transmission System with Resistive
Loading, |. Kohlberg, Kohlberg Asscciates, Inc.,
Alexandria, VA

4 An Evaluation of the Ig to lw Method of 26

11:50 Data Analysis, M. Antley and W. Cordova, BDM
International, Inc., Albuguergue, NM; and Lt.Col. Gwyn,
Defense Nuclear Agency/NMRS, Kirtland AFB, NM

i-7



MONDAY, 21 May
1:30 - 350 pom.

MODELING FOR LOW-LEVEL SIMULATORS

1:30

1:40

3:00

3:30

Session NEM-2A
Room 101

Chairman: i, Kohlberg
Kohiberg Associates, Inc., Alexandria, VA

Session Introduction

Numerical Analysis of the Hardness
Survelllance Hluminalor {HS1), J.P. Donchoe and
S.N. Tabet, Mississippi State Univarsity, Mississippi
State, MS; W.D. Prather and C.[. Taylor (Mississippi State
University), Weapons Laboratory, Kirtland AFB, NM

Broadpand Properties of the Two-Wire
Hardness Survelllance Hiuminaior, C. Zuftada
and F.C. Yang, Kaman Sciences Corporation, Dikewood
Division, Santa Monica, CA; and W. Prather, Weapons
Laboraiory/ NTAAT, Kirtland AFB, NM

A Study of the EM Fleld Envirpnment in the

Yicinity of a CW Radiator, F.M. Tesche, Consullant,
Dallas, TX; and T. Karlsson, EMTECH, Linkoping, Sweden

Fleld Characteristics of 8 Thin-Wire EMP
Simulator of Semi Eliiptical Geomelry,

C. Zuffada and F.C. Yang, Kaman Sciences Corporation,
Dikewood Division, Santa Monica, CA; C.E. Baum,
Weapons Laboratory/NTAAB, Kirtland AFB, NM; and

W. Prather, Weapons Laboratony/MTAAT, Kirtland AFB, NM

Break

Pertormance of Four-Wire Anianna in
Anecholc CThamber, V.V, Liepa, C. Cheon and

M. Fang, Radiation Laboratory, Dept. of Electrical and
Computer Engineering, University of Michigan, Ann Arbor,

27

28

29

30

31



MONDAY, 21 May
130 -450 pm.

INTERACTION |1 GENERAL
Sesgion NEM-2B, E-4
Hoom 103

Chairmman: J. Nitsch

NBC Defense R&D Instilute, Fed. Rep. of Germany

Session Introduction

Currenis onh a Wire in Aperture Coupled
Cavities, D. Vuillet-Laurent, . Lecointe, W. Tabbara,
Laboratoire des Signaux et Systemes, C.NRS/ESE.,
France

Scattering Parameters of EM Coupling
Through an Aperture, J.P. Parmantier, Avions Maroel
Dassault-Breguet Aviation, France; and G. Labauna,

J.P. Aparicio and J.C. Alliet, Office National d'Etudes et de
Hecherches Asrcspatisles, France

High Frequency Electromagnstic

Coupling Through Slots and Hiveled Seams,
P.M. Mcienna, T.H. Rudolph, R.A, Perala, Eleciromagnetic
Applications, Inc., Lakewood, CO

Etectromagnetic Properties of Joinis
Between Metallle and Composite Surfaces,
G. Labaune, M. Sternberg, V. Gobin, J. Grando and

J.C. Aliiot, Office National d'Etudes et de Recherchas
Aerospatiales, France

Braak

Description of a New Surfsce Impedance
Sensor for Conductive Materials, V. Gobin,
G. Labaune and F. lssac, Office National d'Etudes et de
Recherches Aerospatiales, France

Response of an Overhead Wire Near &

NEMP Simulator, & Hansen, H. Schaer, [. Koenigstein,
H. Holtink and H. Garbe, Asea Brown Bovert Ltd., Corporate
Research, ABB EMI Control Center, Baden, Switzerland; and
C.V. Girl, Pro-Tech, Berkelay, CA

A Geomelry Dependent Car Model

Derived from a Two-Dimensional Surface
Lapiacian, T.L Brown, Keman Sciences, inc., Bikewood
Division, Albuguerque, N

Broadband Strengih Testing, W.R Ayres,
Weapons Laboratory/NTAAT, Kirtland AFB, NiM;

D.P. McLemore, Kaman Sciences Corp., Dikewood Division,
Albuquergue, NM; and J.C. Krainak, Correa Enterprises, Inc.,
Albuguergue, NM

i-9
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33

34

35

36

37
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MONDAY, 21 May,
1:30 - 3:00 p.m.

HPM

Session NEM-2C
HRoom 104

Chairman: L. Libelio
Harry Diamond Laboratories, Adelphi, MD

Session introduction

HPM Weapons: Fantasy, or Frightening
Reallty? M.W. Wik, Dofense Materiel Administration,
Electronics Directorate, Stockhoim, Sweden

Combining RF Sources Using Cn

Symmetry, C.E. Baum, Weapons Laboratory/NTAAB,

Kirtland AFB, NM

Slower t0 Faster Wave Sources, A.W. Biggs,
{Professor of Electrical Engineering at the University of
Alabama), Weapons Laboratory/AWK, Kirtland AFB, NM

Linear Disperslon Reslations for Axial
Microwave Sources, K.F. Casey, JAYCOR,
Fremont, CA

Break

i-10
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43



MONDAY, 21 May
3:30 - 450 p.m.

SENSQORS
Session NEM-2D
Room 1104

Chairman; J.C. Giles
Los Alamos National Laboratory, Los Alamos, NM

Technigues for Proper Measuremenis of

Electromagnetic Fields, G.D. Sower, EG&G
Special Projects, Albuquerque, NM

Enhanced E-Field Sensor for Low
Frequency Measurements, F.S. Nicksl,

D.E. Thomas and S.J. Halko, BDM Interaational, lnc.,
Albuquerque, NM

An Incident Field Sensor for EMP
Measurements, E.G. Farr and J.S. Hofstra, BDM
International, Inc., Albuquerque, NM

Comparison of Measured vs. Calculated
Incident Field Measurements, J.J. Grimm, |,
and S.L. Langdon, Weapons Laboratory/NTAOA,
Kirtland AFB, NM

i-11
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10:00

10:3(’5

TUESDAY, 22 May
8:30 - 160 am.

FAST PLULSE SIMULATION
Seszsion MNEM-3A
Room 1071

Chairman: Y.G. Chen
Maxwel Laboratodes, Inc., San Diego, CA

Session introduciion

An Analysis of the Peaking Circuly
C. Goldstein, Ratfasl, Haifa, lsragl

A Fast Risetime Small EMP Simulaior,
C. Goldstein, Rafasl, Hailla, Israsi

Canonical Examples for High-Freguency
Propagation on Unit CeHl of Wave-Launcher
Array, C.E. Baum, Weapons Laboratory/NTAAB, Kirtland
AFB, NM

A Family of Canonical Examples for High
Frequency Propagation on Unit Cell of
Wave-Launcher Array, D.V. Giri, Pro-Tech,
Berkalay, CA

Break

Upgrading Existing EMP Simulators for
Enhanced 3Sysiem Yulnerability
Assessment, A Griffin, AFSC/AWL, Kirtland AFB, NM;
l. Smith and V. Carboni, Pulse Sclences, inc., San
Leandro, CA; D. Girl, Pro-Tach, Barkeley, CA; and

M. Dinalie, Quatre Gomp., Albuguerque, NM

i-12
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49

50

51

52



8:30

8:40

10:00

10:30

10:50

TUESDAY, 22 May
8:30 am. - 1110 p.m.

SYSTEM TESTING - |
Session NEM-IB
Hoom 103

Chairman: W.J. Karzas
ketatech Corporation, Santa Monica, CA

Session introduction

Experimental Fretest Survey--A New
Technique for Determining EMP Test
Points, L.O. Hosft, J.5. Hofstra, R.J, Karaskiewicz
and W.H. Cordova, BOM International, Ing.,
Albuguerque, NM; and W.D. Prather, Weapons
Laboratory/NTAA, Kirfland AFB, NiM

Fault Insertlon Testing -- A Method o
Demonstrate System Level EMP Safety
Margins, P.J. Miller, TRW, Albuquerque, NM

The Effects of Simulated Electromagnetic
Puise on Commerclal Alrcrafl, RLA. Peraia,
J.R. Elliott and J.D. Curry, Electio Magnetic
Applications, Inc., Lakewood, GO

HEMP Coupling to Substaiion Relays,
C.M. Wiggins, D.E. Thomas, and T.M. Salas, BDM
international Inc., Albuguergue, NM; P.R. Barnes,
Martin Marietta Energy Systems, Oak Ridge, TN; and
S.E. Wright, Electric Power Research Institute, Palo
Alic, CA

Break

Transient Response of a Distribution
Circult Recloser and Control Unit to a
High-Altitude Electromagnetic Pulse
(HEMP) and Lighining, F.M. Tesche,
Consultant, Dallas, TX; and P.R. Barnes, Qak Ridge
National Laboratory, Oak Ridge, TN

A Method for Determining the Effects of
Simulated Electromagnetic Pulse (SEMP)
on Cardiac Pacemakers, V.J. Eilis, LS. Army
Harry Diamond Laboratories, Woodbridge Research
Facility, Adelphi, KD

i-13
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TUESDAY, 22 May
1110 a.m. - 12:10 p.m.

INTERACTION 1i: NORMS
Session NEM-3C, E-5
Room 103

Chairman: K.S.H. Lee
Kaman Sciences Corp., Dikewood Div., Santa Monica, CA

Page

1. Some Sharp Bounds on Wavelorm Norms, 59
11:10 J.C. Krainak, Correa Enterprisas, Inc., Albuquerque, NM

2 Norms of Vectors of Time-Domain Signals 60

11:36 Passing Through Filiters and Norm Limiters
at Subshlelds, C.E. Baum, Weapons Laboratory/
NTAAR, Kirtland AFB, NM

3 The Effect of Waveform Parameisrs on 61

11:50 Eiectromagnetic Coupling, J.P. Castillo and
W.5. Kehrer, R&D Associates, Albuguerque, NM

i-14



3:00

TUESDAY, 22 May
1:30 -5:10 p.m.
SUBSYSTEM TEST DEVICES
Session NEM-4A, E-6
Room 101
Chairman: D.E. Merewsther

Electro Magnetic Applicaticns, tnc., Albugquerque, NM

Session Introduction

Free Field and Direct Drive Cable/Wire
RAesponses, DI Lawry and £. Harper, Waapons
{aboratory, Kirftand AFB, NM

Meaningful Specifications for Inductive
Current Drivers, ME. Gruchalla, EG&G Energy
Measurements, Albuguerque, NM; and G.D. Sower, EG&G
Special Projects, Albuquerque, NM

Direct-Drive Waveform Considerations,

8.1, Lawry, W.D. Prather, and C.D. Taylor, Weapons
Laboratory, Kirtland AFB, NM

R2SPG--A New Techniqus for Measuring
Upset Susceptibilily Thresholds of Large

Systems, L.O, Hoeflt, J.S. Hofstra and R.J. Karaskiewicz,

BDM International, Inc., Albuguerque, Nif
Break

Comparison of RZSPG Waveforms with
Simulated EMP, LO, Hoeft, B.J. Karaskiewicz and

J.S. Hofstra, BDM International, Inc., Albuquerque, NM; and

W.D. Prather and W.R. Ayres, Weapons Laboratory/NTAA,
Kirland AFB, NM

Effect of Charge, Feed and Test Cable
Lengths on RZSPG Waveforms, L.O. Hoeft,

R.J. Karaskiewicz and J.S. Hofstra, BDM international, Inc.,

Albuquergue, NM; and W.D. Prather and W.R, Ayres,
Weapons Laboratory/NTAA, Kirtland AFB, N4

PAWS 4000 - A 320-kW Power Arbitrary

Waveform Injectlon and Humination System,

G. Eumurian, Thomson-CSF/DSE/DSSHN, France;

J. Chahbazian, Prana R.D. 15 Local Quebec, France; and
M. Bianchet et Fabrizio Pampalone, ETCA/CTME, France
Capabliltles of the Naval Alr Test Center's
Current Injection Direct Drive System
{CIDDS), F. Smith, Kiech Corp., Patuxent River, MD;
S. Frazier and R. Borand, Naval Air Test Center/SY84,
Patuxent River, MD; and A. Perkins, BOM Management
Service, Lexington Park, MD

Taools for Cost Effective Simulation of
Transient Electromagnetic Disturbances,
[. Hansen, ABB EMI-Control Center, Corporate Research,
Switzerland

i-15
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63

64

65

66

67

68

69

70



3:00

3:30

TUESDAY, 22 May
1:30 - 3:50 p.n.

SPECIFICATIONS AND STANDARDS
Session NEM-4B, E-7
Room 103

Chairman: W.D. Prather
Weapons Laboratory/NTAA, Kirtiand AFB, NM

Session Introduction

Review of Unclassified HEMP Calculations
ang Analytic Wavelforms, W.A. Radasky, Metatech
Corporation, Goleta, CA

Alrcralt EMP Standards, W.D. Prather, Weapons
Laboratory/NTAA, Kirfland AFB, NM

Role of Standards angd Specifications in
EMP Hardness Verification and
Surveillance, W.S. Kehrer, R&D Associates,
Alpuguergue, NM; and W.D. Prather, Weapons

{ aboratory/NTAA, Kirtland AFB, NM

Break

A Review of Msthods for Acceplance
Testing of Electromagnetic Shielding
Enciosuras, AL, Sharp and J.D. Frisbis, Weapons
Laboratory/NT, Kirtland AFB, NM

i-16
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TUESDAY, 22 May
3:50 pan.

PANEL
ON
SPECIFICATIONS AND STANDARDS

Session NEM-4C, E-8
Room 103

Chairman: W.D. Prather
Weapons Laboratory/NTAA, Kiriland AFE, NM

This panel will address both the current state of standards and
specifications in the areas of EMYEMC/EMP and future directions
that are envisioned. Current work in the area of standards and
specifications, including international efforts, will be discussed.

Panel Members (teniative):
George Baker, Defense Nuclear Agency
Dennis Baseley, Aeronautical Systems Division, USAF
James Brackett, Harry Diamond Laboratories
Robert Haisimaier, NAVAIR
Juergen Nitsch, NBC-Defense FResearch & Dev.inst.
Manuel Wik, Swedish Defence Materiel Administration

i-17



8:30

10:05

10:30

11:00

11:30

WEDNESDAY, 23 May
8:30 aim. - 12:00 p.m

PLENARY SESDION
NEM-P1, E-B
Student Union Ballroom

Chairman: M.G. Hamson

Weapons Laboratory/NTCA, Kirlland AFB, NM

Weilcome 1o UNM, Dr. James E. Thompson,
Dean ol College of Enginearing, University
of New Mexico, Albuguergue, New Mexico.

Another Look at the Beginnings of High-
Allllude FRMP, C.N. Vittiios, Sandia National
Laboratories, Albuquerqus, NM

Development of MIL-STD-188-125 Military
Standard -~ High-Altliude Electromagnatic
Puise {(HEMP) Proiection for Ground-Based
C3] Facilities Performing Critical Time-
Urgent Missions, H.G. Pohle, Weapons Laboratory/
NTCAC, Kirtland AFB, MM

EMP Activities In France: An Qverview,
D. Sarafin, Centra d'Fiudes de Gramat, Ministry of
Dafense, France

Braak

Eleciromagnetlc Pulses and Human Health,
AW, Guy, Biocelectromagnetics Fasearch Laboratory,
Canter for Bicengineering, Collega of Engineering, School
of Medicine, University of Washington, Seattle,
Washington -

Radar Target Discrimination Using Transiemt
EM Puises, ¥.M. Chen, D.P. Nyquist and

E.J. Rothwell, Dept. of Elsctrical Engineering, Michigan
State University, E. Lansing, Mi; C.E. Baum, Weapons
Laboratory, Kirland AFB NM; and M.A. Morgan, Naval
Postgraduaie School, Monterey, CA

Pulsed Sources of High Power Microwaves:

The Siate of the Arl, J A, Swegle, Lawrance
Livermore National Laboratory, Livermore, CA
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WEDNESDAY, 23 May
1:30 - 510 pom.
TESTING
Session NEM-B5A, E-i0
Room 141
Chairmar: . Serafin
Centre d'Etudes de Gramat, Ministry of Defense, France
Page

Session Introduction

CW Test Technique — A Preferabls Method for 81
Assessing the Elsctromagnetie Vuinerabiiity in

Large Telecommunicatien Facilliies, T. Karlsson,

5. Garmiand and Q. Borgelalk, EMTECH, Sweden: and

L.i. Sundberg, Swedish Telecom, Swaden

Using Dockside CW Testing for Ship EMP 82
Hardening and Hardness Assessment,

P.Q. Lindsey, EG&G Special Projscts, Albuguergue, Ni

Cnboard LLCW Hluminator for Naval Ships, 83
N. Stetson, Naval Surface Warfare Center, Silver Spring, MD; and

5. Kokorowski, Kaman Sciences Corp., Dikewood Division, Santa

Monica, CA

Excitation of Alrerafi for Hardness Survelliance 84
Using the Alrcrait's Own HF Antenna, LO. Hoeft and
J.8, Hofstra, BDM International, Inc., Albuguerque, NM; and

W.D. Prather, Weapons Laboratory/ NTAA, Kirtland AFB, NM

Break

Evaluation of French CW Tesi, G. Bechiold and 85
0. Le, Naval Surface Warfare Center, Silver Springs, MI; and

V. Peckham, Kaman Sciences Corp., Colorade Springs, CO

On Alrereit Exisrnal Hesponses Driven from an 86
On-Board HF Antenna, J.P. Donchoe and G.0. Taylor,

Mississippi State University, Mississipgi State, MS: and

W.D. Prather, Weapons Laboratory, Kirtand AFE, NM

Hardness Surveillance for Msasuring System 87
Hardening Degradations, W.R. Ayres, Weapons
Laboratory/NTAAT, Kirfland AFR, NiM; W.S. Kehrer, &D

Associates, Albuguerque, NM; and D.P. Mchemore, Kaman

Sciences Corp., Dikewood Division, Albuguerqus, WM

Using the Single Point Excliation Technigus o 88
Measure Aperiure Impedance Over a2 Broad

Frequency Range, L.O. Hoeft and J.S. Holstra, BDM

International, Inc., Albuquergue, NM; and W.D. Prather, Weapons
laboratory/NTAA, Kirtland AFB, NM

Structured Planning and Testing at Naval Alr 89
Test Center EMP Facilities, R. Wiliams and

W. Cordova, BDM International, Inc., Albuguergue, NM; and

8. Frazier, Naval Alr Test Center/SY84, Patuxent River, MD
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WEDNESDAY, 23 May
130 p.m.

PANEL
ON
HIGH POWER ELECTROMAGNETICS (HPE)

Session NEM-5B, E-11
Room 103

Chairman: AW, Biggs
Weapons Laboratory/ AWK, Kirtland AFB, NM

This panel will discuss exiension and application of EMP
technology to other argas.

Various technologies have been develeped in the EMP
community which have been used or have potential application in
other areas such as lighining, EM1 control, high power microwaves,
and various wide bandwidth slectromagnetic areas. These include
transient electromagnetics, pulse power, and electromagnetic
measurements.

Panel Members will include:
G.E. Baum, Weapons Lab/NTAAB
K.M. Chen, Michigan State University
Y.G. Chen, Maxwell Laboratories, Inc.
R.L. Gardner, Mission Research Corp.,
L. Libeito, Harry Diamond Laboratories
J. Nanevicz, SRH
M. Skolnil, Naval Research Laboratory
1.D. Smith, Pulse Sciences, Inc.
R. Smith, U.S. Army Missile Command
J. Swegte, Lawrence Livermore National Laboratory
J.D. Taylor, LTC USAF, ESD/XTP



THURSDAY, 24 May
830 -1158 a.m.

DATA ACQUISITION & PROCESSING - |

8:30

8:40

10:00

10:30

10:50

11:10

11:30

Session NEM-GA
Hoom 101

Chairman: G.D. Sower
EG&G Spacial Projects, Abuguergue, Nij

Session introduction

A Transportable, Four-Channel EMP
Data Acquisition System, J. Estes and
B. Spalding, BDM International, inc., Albugusrque, NM

Rapid Survey Instrument (RS ~ A
Portable Data Acquisition System,

J. Cafferky, J. Eberly, G. Kahn and T. Cantrall, EG&G
Special Projects, Albuquerqus, N

EMPRESS il Software Upgrades,
P.Q. Lindsey, EG&G Special Projects, Albuguergue,
N

EMPRESS Il/DAAPS Status and Ship
Test Lessons Learned, P. Johnson, FGaG
Special Projects, Albugquerque, NM

Break

The Naval Alr Test Center EM
instrumentation Sulte, W.H. Cordova,

G.A. McArhur and J. Miller, BDM International, Inc.,
Albuquerque, NM; and C. Graves, Naval Air Test Center/
SYB4, Patuxent River, MD

On-Line Quick-Look Analysis Capabilities
at the NAVAIRTESTCEN, M. Antley and

W.H. Cordova, BDM International, inc., Albuguargua,
NM; and C. Graves, Naval Air Test Center/SY84,
Patuxent River, MD

Test Planning Methods for Effective Post
Test Analysis Using {he NAVAIRTESTCEN's
Data Acquisition and Processing System
(DAPS), W.H. Cordova and G.A. MeArthur, BDM

International, Inc., Albuguerque, Ni4; and C. Graves, Naval
Air Test Center/SY84, Patuxent River, MD

The HDL Fast Transient Measurement
System (FTMS}, D. Frohnapfel, Harry Diamond
Laboratories, Adelphi, MD; and J. Pagliuca, Booz, Allen
& Hamilton Inc., Bethesda, MD
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THURSDAY, 24 May
B30 am. -{12:10 pm.

SYSTEM TESTING - 0
Session HNEM-G6B
Room 103

Chalrman: J.P, Castillo
R&D Associates, Albuguerque, NM

Session introduction

EMP Shnulator Test Results of a Composite
Helicopter {(SH-60B), W.H Cordova, G.A. McAnthur
and B.J. Spalding, BOM Internaticnal, inc., Albuguerqus,
NM; and C. Graves, Maval Air Test Center/SY84,
Patuxent River, MD

EMP Simulator Stress Results of the VH-80
Helicopter EMP Qualification Test,

B.J. Spalding, W.H. Cordova and G. McArthur, BOM
International, Inc., Albuguergus, NiM; and G. Gravas,
Naval Air Test Center/SY84, Patuxent River, MD

EMP Stress Besulis Comparison for
SH-80B, VH-80 and UH-60A Helicopters,
M. Antley and W.H. Cordova, BDM International, Inc,,
Albuguerque, NM; and 3. Frazier, Naval Air Test
Canter/5Y84, Patuxent River, MD

EMP Simulaior Test Resulis for the Navy
A-BE Intruder Alrcraft, M. Antley and

W.H. Cordova, BDM International, Inc., Albuguergue, NM;
and 8. Frazier and M. Whitaker, Naval Alr Test
Center/SY84, Patuxent River, MD

Break

E-6 EMP Program CGverview, S.W. Kormanyos,
The Boeing Company, Sealtle, WA

E-B EMP Tesis, 3.W. Kormanyos, The Boseing
Company, Seattle, WA

E-6 EMP Analyses, G.A. Clark, The Boeing
Company, Seattle, WA

E-& Electromagnetic Pulse Life-Cycle
Hardness Assurance, Mainienhance and
Surveillance Program, J.D. Haines, Patuxent
River, MD

E-6A French CW Test, G. Bechiold and D. Le,
MNaval Surface Warfare Center, Silver Spring, MD
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THURSDAY, 24 May
8:30 - 4110 a.m.

HADAR TARGET DISCRIMINATION
Session NEM-BC
Room 104

Chairman: LTC J. Taylor
ESD/IXTP, Hanscom AFB, MA

Session Introduction

Complex Resonances of Conducting
Polygonal Plates and Simple Polvhedra,
S.M. Rao and T.H. Shumpen, Electrical Engineering
Dept., Auburn University, AL

Natural Resonances of Conducting
Oblate Spheroids, S.R. Vechinsk| and

T.H. Shumpert, Electrical Engineering Dept., Auburn
University, AL

On Reflectlon and Partial Correlation

Coefliclents in Material ldentitication,
S. Giles, Jr., Dent. of Electrical Engineering, The
University of Toledo, Toledo, OH

An Enhancement Pulse for Radar Target
Discrimination, L.8. Riggs, Electrical Engineering
Dept., Auburn University, AL; and C.8. Smith, U.S.
Army Missile Command/AMSMI-RD-AS-RA, Redstone
Arsenal, AL

Break

Radiation of Impulse-Like Transient

Flelds, C.E. Baum, Weapons Laboratory/NTAAR,
Kirtland AFB, N

Determination of Some Far Fielg
Temporai Waveforms of a Phased Array
Excited by Sub-Nancsecond Pulses,
D.W. Scholfield, A.W. Biggs and J.P. O'Laughlin,
Weapons Laboratory/ AWK, Kiriland AFB, N
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1:30

1:40

Session NEM-7A
Boom 101

Chairman: R.L. Huichins
BDOM international, Inc., Albuguergque, NM

Session Iniroduction

Hardness Evaluation System (HES) Overview,
J.R. Prassley and J.L. Gibson, EG&G Special Projects,
Albuguarqgue, MM

Persenal Computer Code for Fast Calculation
of Energdy Contained in Different Shapes of
Eleciromagnetic Pulse (EMP), A. Bossel, EMI &
Nuclear Effects Eng., ELBIT Computers Lid. Advanced
Technology Centar, Haifa, Israsl

Building an Exirapolation Functlon Using
Calculated Inciden:t Flelds, S.L. Langdon and

Jud. Grimm ), Weapons Laboratory/ NTAOA, Kinland AFB,
NM

Exirapoiation of Ground-Alert Mode Dats at
Hybrid EMP Simuiators, £.G. Farr, BDM international,
Inc., Albugquergue, NM

Break

Nolse Reduction Technigues for Fast
Transient Measuraments, C.D. Taylor and

N.H. Younan, Mississippl State University, Mississippl State,
MS; and J.D. Holder and T.F. Nash, LLS. Army Missile
Command, RDTAE Center, Redstone Arsenal, AL

identitication of Exponentials in Molse by 3VD
of the Prony Data Modsl, J.C. Mosher, TRW SEDD
DH4-2139, Redondo Beach, CA

Segmented Processing - A Msthod for
identitying and Reducing Broadband Noise in
EMP Responszse Data, T. Kearns, United International
Engineering; F. Donohos, Miszissippi State University; and
S. Langdon and D, Lawry, Weapons Laboratory/ NTADA,
Kintland AFB, NM

Transient Anzlog Data Fiber Optic Links: A
Comparisen, W.T. Clark I, KW. Darrow and M.C. Skipper,
BD#M Management Services Company, Kitland AFB, NM
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1:30 - 3:50 p.m.

HARBDENING
Session NEM-7B, E-12
Room 103

Chairman: P.J. Milier
TRW, Albuguerque, NM

Session Introduction

E-3/E-6 Alrcraft Technology Transter,
G. Bechtold, D. Lynch and D. Le, Naval Surface

Warfare Center, Silver Spring, MD; and L. Kitchell,
Mission Research Corporation, Oklahoma City, OK

Bounds for Application of Filter Pin
Connectors as Protective Devices for RF
Lines, J.L. ter Haseborg and K.-D. Kruse, Technical
University Hamburg, Dept. of Measurement
Engineering/EMC, Hamburg, West Germany; and

F. Wolf, C. Plath, Company for Nautical Electronics,
Hamburg, West Germany

Application of Nosm Aftributes for Elec-
tronic Surge Arrestor Fallure
identification, R.J. Balestri, Booz, Allen &
Hamilton, Inc., Bethesda, MD; and . DeTroye, Harry
Diamond Laboratories, Adelphi, MD

Experimental Results for Protection
Module, 7. Morita, M. Yamada and N. Takao, Fuji
Electric Corporate R&D, Lid., Kawasaki City, Japan
Break

& MNanosecond Time-Based Gas Tube

Model, G.A. Clark, The Bosing Company, Seattle, WA
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AN EXACT METHOD FOR CALCULATING THE FIELDS OF A WIDE ANGLE
BICONICAL ANTENNA WITH RESISTIVE LOADING

Ira Kohlberg, Kohlberg Associates, Inc., Alexandria, VA

A major element in the waveform design of a wide-angle biconical antenna used for
EMP simulation is the resistive loading. This investigation deals with the development of
a rigorous theory leading to the prediction of both the interior and exterior (far) fields of
this type of resistvely loaded antenna,

Schetkunoff appears to have been the first to develop a generat theory for the
biconical antenna in the absence of resistive loading. A fundamental aspect of the
lossless case is that the interior fields are composed of modes of index u which are
solutions of the equation

T“i (cos 90} = %[PULl {cos BD) - P&i (-cos SO)J =0 , (1)

where 8g is the bicone angle, and the Pui's are Legendre functions,

When resistive loading is included the interior boundary condition becomes
E, (8 = E, (n-8) =Z,0) L&) , @
where L(r) is the wall current and Z () is the surface wall impedance. In the lossless
case Zy(r) = 0. We have formally solved the problem where Eq. (2) is applicable.

It is found that the resistively loaded case requires the existence of additional angular-
and radial-dependent terms in the interior region (vis-A-vis the losstess case) in order to
satisfy the interior boundary condition. The auxiliary 8-dependent terms are Legendre
polynomials whereas the radial ones can be expressed in terms of an orthogonal basis of
racial-dependent functions. These techniques reduce the determination of the interior and
exterior fields to one which can be solved in marix form.

The computational method is discussed along with the numerical method used to

evaluate the basis functions, T, (6), for the lossless case.



THE EXTERNAL FIELD ENVIRONMENT OF vPD-1I

Kendall F. Casey
JAYCOR
39650 Liberty Street, Suite 320
Fremont, TA 94538

Michael J. Sabochick
Department of Engineering Physics
Air Foree Institute of Technology
Wright-Patterson AFB, OH 45433

The electromagnetic field of the VPD-1I EMP environment simulator is eval-
uated at observer locations far from the simulator and its working volume. The
antenna surface current density distribution is determined by the resistive loading
on the conical radintor; the feed-point current is determined from an equivalent cir-
cuit representing the pulser and the antenna input impedance. The field radiated
by the antenna in the presence of the ground is evaluated in terms of an integral
over the antenna currents. The field integral is then evaluated in the far zone of the
antenna through the use of saddle-point integration. The resulting representation
for the radiated field is interpreted in terms of “space wave” and “ground wave”
contributions to the total field.

The space wave dominates the total field for observers well above the air-ground
interface and is therefore of primary importance in determining the electromagnetic
environment for sircraft. This feld contribution decays as 1/r. Its psak amplitude
rises o a maximum as the observation angle, measured from the vertical, increnses
from zero to approximately 60° and remains nearly constant thereafter, up to ob-
servation angles of approximately 85°. The peak amplitude of the space wave then
dropa rapidly, vanishing at the air-ground interface.

The ground wave dominates the total feld for observers within a few degrees
of the air-ground interface and is thevefore of primary importance in determining
the electromagnetic environment for personnel and ground equipment. This field
decays more rapidly than 1/r at long ranges. Ground losses and dispersion also
degrade the rise rate of the ground-wave field as it propagates.

We present representative numerical data describing the total external field of
VPD-II for observers well above, and close to, the air-ground interface at ranges
up to a few kilometers from the antenna. Predicted environments are compared to
existing and projected safety standards for personnel and aircraft.



ELECTROMAGNETIC MODELING OF REFLECTING AND DIFFRACTING FENCES
WHICH REDUCE THE FAR FIELDS OF £MP SIMULATORS

Ira Kohiberg, Kohlberg Associates, Inc., Alexandria, VA
Paul Elliot, Kohiberg Associates, Inc., Alexandria, VA
Todd Walternyer, Harry Diamond Laboratories, Woodbridge, VA

Hecent environmental considerations are reguiring that peak electric fields of EMP
simuiators be greatly reduced beyond the boundaries of the facility. In this study we examine a
maans for accomplishing this using various configurations of a chain link fence with the wires
which forin the aperiures bonded at every junction, and of height egual iv or greater than that of
the simulator. Numerical resuits are keyed to AESOP, although the methodology is applicable
to other simulators.

Figure ¥ shows three of the designs which wers analyzed. The verical fence could be
modeied analytically, but it was nacessary to use numerical tachniques for the contigurations of
Figs. 1b and 1c. The Mathod-of-Moments technigque was used for frequencies befow 100 MHz
and the Geometric Theory of Diffraction was used for frequencies above 100 MHz.

As the height of the vertical fence was raised abave the simulator a considerable reduction
in the peak fleld occurred. This configuration, however, produced unacceptably strong
rellections in the test volume.

The inward wedge fence produced the best suppression of the peak field as compared to
ihe other configurations. For exampie, Fig. 2 shows the dramatic reduction of tha paak fletd at
320 m from the simufalor for an obsarver 10 m above the ground. The soiid curve shows the
rather minimat reduction of the peak fieid due to ordinary ground reflection. Tha fields in the
{ast volume exhibited diffraction peaks of about 10% of peak of the incident field and modest
irterference from retiactions.

The outward wedge yieided almost as good reduction of tha peak far field as the inward
weadge, and in addition provided aexceltent fidetity of the desired fieid in the 1est volume. This
appears to be the best configuration for the models considered,
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A NUMERICAL METHOD FOR CALCULATING THE EM FIELD
RADIATED BY EMP SIMULATOR

5.R.Zhang and W._.¥Y_Wang
Institute of Electronics, Academia Sinica

ABSTRACT ~--~- A numerical method has been developed for
calculating the current distribution on a bicone-cylinder
antenna of a EMP simulator and the EM field radiated in
free space. The simulator is exeited by a pulse voltage.

The antenna is dapicted in Fig. and has been excited by
a pulse V{t)=2} a,exp(-s,t) where a, and s, are complex.
Before the current pulse arrived 1 , the current distri-
bution was Jé{r,t)=vV(t')/2n r,Z., the same as that when the
antenna 1s a infinite bicone, where t'=t-R/¢ and Z. is the
impedance of the infinite bicome antenna. The pulse has
been changed after 1t arrived « and reflection occured.
However, it is reasonable Lo expect that the pulses propa-
gated along the cylinder and reflected towards origin have
a slower changed pulse form. Therefore, they can be repre-
sented as before formally, but a, and 3, should be slower
changed functions of r and t. By appropriate boundary con-
dition, we can obtain equations with undetermined coaf-
ficients and can be sclved by time-demain technigque.

The numerjical results are presented. In thass examples,
the rise time of the exciting pulse is 10ps and the time
duration calculated is 120 ws. The results indicate that

{1} The waveform of the EM field radiated by the
gsimulator will! not be gquite changed when the angla 8
varies from 23° to 35%°. 0f course tha amplitude will
increase as 9 or d increases.

(2) The amplitude of the current pulas reflected irom 1
will not be very large if 8 iz not more than 35%°. There-
fora, the waveform of the fiald will not be distorted ap=-
praciably. It depends on the location of the field point.
The rise time will be shorter if ¢ incresases.

{3} The fall time of the EM field will bs shorter if 8
increazes or d dacraasas.

Field point
Fig.



CW transfer impedance measurements
for NEMP purposes - a comparison

of different techniques

C. Goldstein* and P, Hani
NC Laboratory, CH-3700 Spiez, Switzerland

(* on sabbatical leave from Rafael,
P.0. Box 2250, Haifa, Israel)

The transfer impedance of coaxial cables was measured in the fre-
quency range of 200 MHz using the quintaxial, triaxial and stripline
injection method. The advantages and disadvantsges of the different
methods are discussed. Results of far end (forward coupling) and near
end (backvard coupling) measurements are presented.

A 100 @ matched iriaxial system seems to be tha most convanient
one for measurements in the above frequency range. It is mechanically
simple, the preparation of the CUT is not complicated and it enables
both far end and near end measurements. For a ¢ m long CUT, phasa-
difference effects occur in the far end measurements only at frequen-
cies higher than 200 MHz. The matched triaxial method gave also the
best results by means of reproducibility,

The quintaxial system is mechanically far mora complicated. The
preparation of the CUT and the access to it are more difficult. In
its conventional structure it does not enable both far end and near
end measurements. The main disadvantage of the guintaxial system ig
that due te ity large diameter and complicated structure it is very
difficult to match properly at the input and at the output.

Stripline 1njection is probably the simplest method. Its main
advantage is that the velocity of propagation in the inner {cable)
and outer {injection) cirecuits are very close and therafore phase
difference effeets occur only at very high frequencies. This is not a
real advantage if one 1is concerned only in the frequency range of
NEHP. In some cables rather large changes in the measured transfer
impedance have been observed vhen the position of the injeation
stripline was changed. Also the reproducibility of the measured
values was not as good zs in the triaxial system.



Pulsed mode transfer impedance

measurements of coaxial cables

C. Goldstein*, M. Suiter and P. Hani
NC Laboratory, CH-3700 Spiez, Switzerland

{(* on sabbatical leave from Rafael,
P.0. Bex 2250, Haifa, Israel)

Host EMP laboratorles possess equipment needed to generate and
mezsure current and voltage pulsas, but some lack the instrumentation
needed for CV measurements. The pulsed mode measuvement of trangfer
impedance is a more realistlc approach since the NEHP is a pulsed
phanomena and alse because thig methoed enablea to inject currents
similar in amplitude to the aciual currents induced by NEHP.

In the present work direet injection was performed on <cable
shields using the stripline injection method and indivect injection
from an Elgal EM-104 magnetie coupler. The maximum amplitude of the
injectad current was about 5 kA. A transfer impedance calculated from
the ratio of the pesak induced voltage and the peak injected current
cannot characterize the cable as this ratlo will also depend on the
shape of the current pulse. The cabla can only be characterized by
{ts frequency dependent transfer impedance. This can be obtained from
the time domzin measurements by Fourler transform. After Fourier
transforming, the time domain measurements have bsen compared with CW
transfer impadance measurements in the zame cables.

The induced veltage pulse is delayed compared to the shield
current, 1f the transfer impedance is dominated by the diffusion
term,

in a magnetically shislded eable hysteresis and saturation
effects have been observed. At 6 kA the transfer impedance of this
cable inereased by an order of magnitude due to saturation.



MEASURED INSERTION LOSS OF AEROSPACE CABLES IN THE
0.5 TO 18 GHZ FREQUENLY RANGE

tothar O. Hoeft and Joseph $, Holstra
BD# International, inc.
1801 Randolph Rd., S&
Albuquerque, NM 87106
{505) 8B48-539%

Many transierts encounterad in EMC work have fast risetimes either becausa the
source of the transiert has a fast riss tima, as in the case of System Generated EMP, or because
the transient is clipped by a votage clamp. Another case of interest is a braided cabla with a finfle
reesival transfer inductance.,  The mutual induciance will cause the vofiags pulse on the center
conducior of the cabie 1o be the differential of the shield current, thus shortening the risetime.
An insartion loss that increases with frequency will affect the risefime, and therefore the peak
ampitude, of the translents that are transmitied to the electronic circuits that must be protecied.
if the interference is a signal in tha microwave frequency range, the insertion loss attenuates the
rangmitted signal. The present study measures the insertion loss of generic aerospace cables
in order to be able v defing the significance of the loss mechanisms,

Standard thecretical treatments of losses in fransmission lines {cables) predicd that the
insartion loss consists of two terms: at low frequencies the nsertion loss per unit length is
proporiional {o the cables resistance per unit Yength while at high frequencies the insention loss
per unit length is propordionial fo the conductivity of the dislecinc surrounding the cable
conductors. The frequency dependance of the inserion loss resulis from the frequency
dependence of these two parameters. Balow a MHz, the only significant loss mechanism is the
d.c. resistance of the cable which is indepandant of frequency. At some frequency, usually
about a MHz, lhe resisiance starls to increase with the square root of frequency because the
cutrerd no longer diftusas entirely through the cable conductors, but is restricted to the sudacs
of the cenductors due to the skin depih effect. Eventually, at some higher irequency, the
fogses in the dielectric {(which are usually proportionaf lo frequency) becorme the dominart loss
machanism. While the cable geomeiry and conductor conductivity may be used to predict the
skin depth transition frequency, the conductor resistance to dielectric conductivity transition is
more difficult to predict because of the lack of conductivity data at the higher frequencies. In
addition, the complex geomedry of practical cables is expected i introduce additional losses
due to multiple reflections and the exislence of non-TEM modes. Experimental measurements
can be used to defing soma of these paramaters and thus help to undersiand the propagation
of fast rise lime elecidcal transients.

The insertion and retum loss of 1 m lengths of a variely of coaxial and twisted shiskded
pair cable samples was measured using an HP B40EB microwave network analyzer and an S
paramnater test sat.

The insertion loss of the semi-rigid coaxial Teflon insulated cabie sample, with and
without holes was proportional to frequency as predicted by a simple dislectric loss model,
axcept at spot frequencies related to the spacing between ihe holes, the Ingerlion loss is . Af
ihe spot frequencies the electiromagnetic snergy laaks oul of the sample and the insertion loss
is greatly increased. Except al these spot frequencies, the insertion loss was low {0,15 dBfm-
GH2). The insertion bss was alse measured for double shielded cable (RG-223), singls shiekded
cable (RG-58), a special foam insulated/silver plated cable and varius shielded twisted pairs. Up
to 10 GHz, the measured insartion loss was proporicnal to frequency. For coaxial (50 ) cable,
the inseriion loss was small to moderate (0.2 io 0.6 dBn-GHz) with samples that incorporated
foam insulaticn and sitver plated conduciors vielding ihe lowest insertion loss. Shielded twisted
pairs had high logses (1.2 to 3 dB/m-GHz) because of their complex geometry. Above 10 GHz,
maost of the single braid shieided cables exhibited severe losses. The is most fikely dus to
radlation losses through the shield, as was demonsirated for the solid shields with holss.



EFFECTS OF ENVIRONMENTAL TESTING ON THE SURFACE
TRANSFER IMPEDANCE/EMP RESPONSE OF CABLE
ASSEMBLIES WITH METAL BANDED BRAID TERMINATIONS

Lothar Q. Hoeft and Joseph S. Hofstra
BOM International, Inc.
1801 Randoiph Ad., SE
Albuquerque, NM 87106
{505)848-5399

Gary L. Dibble
Sigmafarm Corporation
2401 Walsh Ave.
Santa Clara, CA 95051
{408)727-6510

Tha shielding of an elactromagnetically hardened interconnect system
must remain efective throughout its lifetime if it is o maet its requirement of
protecting the circuitry from the adverse effects of environments such as
fightning, EMP and EMI. The braid to backshell termination can be a
particularly vulnerable part of an interconnect system if its is not designed and
constructed correctly. Modern braid terminations that use metal bands instailed
with appropriate ooling provide excellent mechanical integrity while also
maintaining a repair capability. This paper will describe the effects that
mechanical and tharmal environmental testing had on the electromagnatic
shielding. This testing was meant to simulate the treatment that an interconnect
system might receive during #ts lifetime.

Betore environmental testing, the electromagnetic characteristics of 2ach
cable assembly appeared to be determined primarily by the characteristics of
the 1 m of cable braid that was incorporated into each sample. The surface
transfer impedance of the samples that used a banded braid terminalion
decreased {improved) slightly through the duration of the environmental testing,
and the EMP response improved slightly. Environmental testing affected the
samples that used the Metcal solder strap braid termination in a manner similar
to that obsarved in the group terminated with the mechanically appiied
larmination band. Nons of the samples showed significant changas in the high-
frequency characteristics (transfer impedancs at 10 MHz and maximum transter
impedance) as a result of environmental tasting.



EFFECTS OF INITIATION DETAILS ON LIGHTNING
RADIATED FIELDS

Robert L. Gardner
Mission Research Corp.
Albuguergue, NM 871036

As a stepped feader nears the ground, an upward going streamer rises o
meet it. When the two meet, the return stroke begins, radiating
electromagnetic fields. Most of the high frequency smissions of the
returnt stroke are generated at this initiation point high frequency
currents die out in the lossy transmission line formed by the leader
channel.

In this paper, a nonlinear nonuniform transmission line model is used to
track the currents as they evolve from the initial charged line to the fully
developed upward propagating return stroke current. Each element of
the transmission line represents a cross sectior of the channel. This cross
section in turn is modeled by a simple three laver hydredynamic model
of the expanding lossy channel. The diameter of the hot channel is
allowed to expand as it is ohmically heated changing the inductance,
capacitance and resistance of the fransmission-line element.

These currents then radiate electromagnetic fields, which may be
measured at some distance from the lightning strike. It would be useful
0 be able to remotely sense characteristics of the return stroke. These
calculations predict how joining the upward and downward propagating
leaders create the high frequency fields. Variables that are changed
include the type of tramsition from charged to grounded line and length
of the transition.



SCATTERING OF AN ELECTROMAGWETIC PLANE WAVE FROM A LOSSY HALF-SPACE IN
THE TIME DOMAIN, USING THE INVERSE LAPLACE TRANSFORM ANALYTTCALLY

J.J.A. Klaasen
TNO Physics and Electronics Laboratory
P.0. Box 96864
2509 JG The Hague
The Netherlands

The one-dimensional electromagnetic scattering problem of a lossy
half-space will be considered (plane wave excitation}. The usual (and
waell known) method for obtaining the time domain respense in such a
configuration is to compute the frequency response for a number of
frequencies and apply an inverse Fast Fourier Transform (FFT) numeri-
cally.

In this presentation exact analytical time domain expressions will be
presented for the reflected and txansmitted electromagnetic waves for
ineident fields with different wave shapes.

These time domain expressions are obtained in the following manner.
First, the inverse Laplace transform.ls applied to the Laplace domain
expressions for the reflected and transmitted electromagnetic waves,
where the wave shape of the incident field 1s taken as a delta func-
tion. The then cbtained impulse response is in closed form, i.e. is
given in terms of elementary functions and integrals of elementary
functions. Using the convolution theorem the electromagnetic waves for
any incident wave shape can then, in principle, be detemmined. Tt will
also be shown, that If the wave shape f(t—r) of the incident fleld can
be rewritien as a product of two Functions each of which is dependent
on t or r enly, the convolution can be computed very easily by recur-
sively marching on In time. This is because the dependence on t of the
integrand of the convolution integral can then be taken outside the
integral sign.

To tllustrate the above outlined procedure results are presented for

incident fields with different wave shapes, a.o. an EMP wave shape.
Also some properties of tha scattered waves are highliighted.
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ON THE TIME-DOMAIN TRANSIENT ELECTRIC FIELD*
REFLECTED FROM A FINTTELY CONDUCTING EARTH

P. R. Batnes
Oak Ridge National Laboratory
P. O. Box 2008
Oak Ridge, TN 37831-60%0

F. M. Tesche, Consultant
6521 Spanky Branch Drive
Dallas, TX 75248

Most calculations of the earth reflected electromagnetic fields are performed in the
frequency domain and the results transformed numerically to the time-domain by the use of an
Inverse Foutier transform. For time domain eoupling programs, it would be convenient to have
an analytical approach to calculate the reflected felds and avoid the often cumbersome numerical
Inverse Fourier transform process. In this paper, an analytical expression for the electric field is
derived and compared with numerically caleulated values for the case of & transient plane wave
reflected from a finitely conducting earth, The plane wave is assumed to have its magnetic field

parallel to the earth, The accuracy of the new method is discussed.

*Research sponsored by the Office of Energy Stocage and Distribution, U.S. Department of Energy,
and performed under contract DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc.,
for the Osk Ridge National Laboratary.
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Evaluation of Enhanced HEMP Effects
William 0. Coburn
U. 8. Army LABCOM
Harry BDiamond Laboratories
attn: SLCHD-NW-EP
2800 Powder Mill R4.
Adelphi, Md. 20783-~-1197

This report summarizes an evaluation of enhanced
high-altitude electromagnetic pulse (EHEMP) effects on
Army systems. An EHEMP is characterized by a larger
amplitude, a faster risetime, and a shorter pulse
width than previocus HEMP threat specifications. The
HEMP survivabllity/vulnerability (8/V) assessment
process can be applied to hardened or unhardened
systems, and conclusions are generally based on
worst—-case responses to a specific HEMP threat
spvironment. An BHEMP threat specification may affect
both the conclusions of previcus S/V assessments and
the application of existing assessment and hardening
technoleogy to Army systems. Comparisons are presented
for generic HEMP and EHEMP waveforms which indicate
that in some cases the EHEMP coupling effects are not
significant. Alsc discussed are the typical features
of Army systems that may exhibit larger induced
transients for an EHEMP than previous HEMP threat
specifications.
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Shielding Effectiveness Database!

Michael K. Mcinemey
U.S. Army Construction Engineering Research Laboratory
P.O. Box 4005
Champaign 1. 61824-4003

Previous USACERL studies indieate that the measured electromagnetic (EM)
shielding effectiveness of a material tested in a 2 foot by 4 foot test aperture is
consistenily greaier than the measured shietdin% effectiveness of a room, or
module, constructed entirely of the material™*® Additionally, the measured
aperture shielding effectiveness is generally greater than the theoretical while the
shielding effectiveness of the module. is generally less than the theoretical.

The objective of this praject was to establish an EM shielding effectiveness
database which would relate the measured aperture shieiding to the measured
module shielding. Thus ene would be able to more accurately predict the shielding
effectiveness of a module constructed from a material based on the aperture
shielding effectiveness.

Simulated tactical shelters were fabricated from several materials and the
shielding effectiveness of the modules were measured using the proposed revision
to IEEE-299. 'The reference materials were chosen so as produce shieiding
effectiveness values ranging from about 3048 16 about 60dB when measured at
150kHz by the low impedance method.

Also included in the database were the shielding effectiveness of the materials
as measured in the test aperture and as computed from Schelkunoff's shielding
theory,

' Project sponsored by LS. Army Natick RD&E Center.

' P. H. Nielsen, Electromagnetic Shielding Tests on a Boom Shielded
With Foil-Faced Foam Board, Technical Report H-B86/19, (USACERL, September
19886) .

P, F. Willisms, K. K. Heyen and R. €. HWeCormack, Low Cost
Electromagnetic Shielding Using Drywall Composites: Results of RFI
Testing of Shielding Effectiveness, Technicezl Report M-88/02, (USACERL,
October 1987).

3 C. A, Feickert and W, J. Croisant, Investcigarion of Flexibie

Electromagnetic Interference (EMI} Shielding for the Seams of Expandabls
Tactical Shelters, Technlcal Report M-88/1G, (USACERL, April 1988%.
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RESEARCH AND DEVELOPMENT NEEDED TO MEET NAVAL
AIRCRAFT ELECTROMAGNETIC PULSE AND LIGHTNING TEST
ANMD EVALUATION N THE 19%9Q's

ar. Samuel J. Frazier
NAVAIRTESTCEN/SYB4
Paiuxent River, Maryland 20670-5304
(301) 863-3868

ABSTRACT

The Naval Air Test Center (NAVAIRTESTCEN) is tha Dapartment of Defense's
{DoD) only single site laboratory for Aircrait Electromagnstic Environmental
Effects (E9) Test Evaluation (T&E). As a T&E center, wa are keenly aware of the
importance of Research and Development (R&D) as the foundation for applied
taechnologies. We also recognize that all test facilities have specific missions
and accordingly develop test capabilities and methodologies unique to their
needs. At the NAVAIRTESTCEN, we have synergized the Nuclear
Electromagnetic Pulse and lightning areas and integrated them into the larger
E? RDT&E arena. This practical approach has reduced test cost and time, and
incraased the fidelity of aircraft characierization to the general RF snvironment.
Although our capabilities and approach are unique to requirements, they are
applicable 1o tha Nuclear Electomagnetic Pulse and Lightning community at
large. We have found that aven wilh the benefit of state-of-the-arnt systems;
incorporating methodoiogies, ihe job of T&E is becoming increasingly difficult.
The bensfit derived from modern test technologies has been ofiset by both a
changing threat (DoD-STD-2169/DcD-5TD-1795) and rapidly changing aircraft
technologies. The specific R&D areas which require continued development
include:

- Threat level simulation

- System (3TRESS)

- Subsystem (STRENGTH)
- Low leve! system characterization
- Data acquisition and procsssing
- Modeling and analysis
- Test mathologies

As primarily a T&E center, the NAVAIRTESTCEN reguires others to develop

new technologies lo demonsirate feasibly and methology before they are
applied in a routine and pragmatic mannar,
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A CASE FOR STANDARDIZATION OF EMP HARDENING
TERMINOGLOGY

By William C. Hart

letatech Corpeoration
358 S. Fairview Ave., Sulte E
Goleta, California 93117

Examination of the various handbooks and major reference documents
which have been developed over the last few years to provide guidance io
thase engaged in EMP hardening program reveals a variety of coniusing and
somatimes conflicting methods (terminology) for describing recommended
hardening procedures {not to mention the hardaning procedures themselvas).
A good example is the terminology used for discussing shielding, whare terms
such as topelogical, topographical, integral, tailored, two-level barder, double
tier approach and others including their various subtopics are used
intarchangeably not only in complementory documants but sometimes within
the same document. Other examples are in the areas of terminal protection
techniques whera we have ESAs vs TPDs vs linear and non linear devices ve
fiters vs spark gaps, gas tubes, zener dicdes, varisters, MOVs ete., and
peneiration control where we have POEs vs apariures vs penetraticns etc.

The purpase of this paper is to present specific exampies of the current
uses of confusing terminology and provide some recemmendations for a
standardized sst of nomenclaturs and terms for use in discussing the various
aspscts of hardening technology.
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DEVELOPMENT OF LIGHTMING HESEARCH, DEVELOPMENT,
TEST EVALUATION CAPABILITIES FOR DEPARTMENT OF
DEFENSE USE

Mr. Samusel J. Frazier
NAVAIRTESTCEN/SYS4
Patuxent River, Maryland 20670-5304

ABSTRACT

The Naval Air Test Center (NAVAIRTESTCEN) has been tasked by the Office of
the Secretary of Defensa i0 develop a Do Lightning Hesearch, Davelopment,
Tast & Evaluation {(RDT&D) Development Plan. The plan will address the
requiraments necessary to ensura a continued Do0 RDT&E capability in
lightning and atmospheric hazards. Specifically the NAVAIRTESTCEN has
been tasked to coordinate with representatives of the tri-services to:

- Beview currant RDT&E capabilities

- Determine systams requiring RDT&E

- Determins gengral RDT&E requiraments

- Review cumant trends in design and technology

- Make spacilic recommendations to ensure adequate Lightning
RDT&E capabilities

This presentation will provide a general overview of the plan as well as some
spacific recommendations.
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AN INDIAN VIEW OF NUCLEAR ELECTROMAGNETIC
PULSE PROTECTION POLICY

«G.K. DEB
Abstract

This paper deals with the Nuclear Flectroma-
gnetlc Pulse (NEMP) threai analysis, field protection
concepts, principles of EMP testing for a realistic
nuclear scenario In the context of INDIA's overall
weapon strategy. This paper Is a shorf presentatlon
on some of the general principles of a near surface
nuclear burst typlcally of 20 Kileoton (XTY puclear
flssion bomb and a high altitude explosion of 1 Mega-
ton (MT) which generates Electromagnetic Pulse on
a wider area. The paper also dlscusses NEMP simula-
tion facilitles and varfous testing conditions that
are available in the country. It is well understeod
that the £MP simulatisn facillty for testing vital
and essentlial hardened systems and to ensure continuous
maintenance of these systems should be established
on a wider scele in the country for mere survival.
The paper discusses In cetails some of the NEMP prot-
ection measures that are generally applied to ground
based systems and the general awareness of the EMP
Sclence and Engineering in INDIA.

# Electronics & Radar Development Establishment
Govt of India, Ministry of Defence
C.V. Raman Nagar - Post
Bangalore - 560 093 {INDMA)
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Design of INSIEME
Bounded Wave EMP Simulator In ltaly

P. Papucdi, CRESAM, Pisa, Raly

L. Botlla, AEITALIA, Toring, italy

F. Pandozy, FACE, Rome, ltaly

4. Sinibaldi, C. Cacciatore, ELMER, Pomezia, italy

K. Salishury, Y.G. Chen, . White, MAXWELL, San Diego, California, USA

D. Gid, PROTECH, Berkeley, California, USA
ABSTRACT

Impiante Nazionale per la Simulazione di Impulsi Electro-Magnetici
Esoatmosferici is a conical transmission type EMP simulatar being designed to
be built at CAESAM, near Pisa in Haly. In this paper we will describe the
Electromagnetic design aspect in INSIEME. This simufator has 100 & TEM
mede characteristic impadance and will be excited by a 1.3 MV, § nanosecond
risetime pulse genaerator. Some aspect of Electromechanical engineering
design of the simulator including the termination will be discussed. In addition,
the expected Electromagnetic performance in tarms of impedance and field
uniformity will be presented.
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VEPES-SWISS EMP SIMULATOR
DESIGN AND PERFOR

J. Shiloh, A. Rosenberg

Rafael, P.0.Box 2250, Haifa, ISRAEL
P, Mani, M. Sutter

NC Lab, Spiez, Switzerland

D. Gipd

Pro-Tech, Berkeley, California, U.5.4A

VEPES -~ Vertically Polarized EMP Simulator, was recently installed
at the NC Lab in Switzerlsnd. Initisl measurements of the electric
and magnetic flelds were performed in the working velume. The
simulator is a bounded wave type simulator composed of mesh plates
at 8n angle of 11°, excited by a fast 1MV generator on one side and
terminated with & distributed termination on the other side. The
antenna impedance is 90 {2. The pesking netwerk is based on a fast
peaking capaciteor and & low inductance variable-gap main switch., A
unique feature of the simulator £s the interface pulser-antenna
which employs ingulsted ¢rensmission line rods rather than volume
insulation of the interface. The interfacs design, slong with the
peaking network allows rise-times of <5 nz. The interface is
designed to match the 90 0 impedance of the antenna. The simulator
deaign features, computer calculations of pulser output and field
distribution iIn the interface along with field neasurements will be
presented.
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EMP SIMULATORS A HEALTH HAZARDY MEASUREMENT
RESULTS FROM THE SWISS EMP SIMULATOR MEMPS

P. Mani
MO Laboratory
Spiez, Switzerland

and

F. M. Tescha
Consuliant
Daiias, Toxas

ABSTRACY

Recenily it has bean reported sisewhere that there might be a correlation
between the occurrence of rare cancers and working with EMP simulators.
High-voltage puised-powsr EMP stmulaiors accelerals chargs which has then
the opportunity to interact with both high-Z and low-Z materiais inside the
simulator. in order to check this polential possilifity of X-ray generation in the
Swiss mobile EMP simulators (MEMPS} measuremenis have bean performed.

During a test period of 18 days severa! film badges as usuaily employed to
monitor the radiation dose of people working in areas whers ionizing radiation
is expected to have been attached io the outside of the pulser. The MEMPS is a
4 MY slectromagnetic pulse gensrator used {0 test the EMP hardness of
glectronic equipment, During the abovs mentioned test period a tolal of 280
pulses of difigrent oulput voltages up to a maximum of 3.5 MV have been
generated.

The dosimetars were of the type TLD-700 with a fower sensitivity level of about
8 mram and an inaccuracy of + 30%. The liim badges have been analyzed and
background subtractions have pesn made. This paper discusses the results of
thess measurements.
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ELECTROMAGHETIC PULSE AND LIGHTNING SIMULATORS
AT THE NAVAL AIR TEST CENTER

Hr. Sam Frazier ¥r. 8111 Cordova

Hr. Gerald McArthur
Maval Alr Test Center/SY84 BOM International, Inc.
Patuxent River, MD 20870-5304 1801 Randsliph Road, SE
{301} 853-3868 Albuquerque, NM 87106

(505} 848-5000

ABSTRACT

The Department of Oefense (Dol) has required though a serfes of
Dolr divectives that 231 military services address weapon  system
survivability, retiability, and maintainability in the same vain as
eperaticnal destgn considerations. In support of the acquisition of
survivable systems, the Program Managers have the burden of tnstituting
requirements and planning for, and irplementing their programs to
demonstrate survivability throughout the weapon system acquisition and
service cycle. Te support the Program HManagers in thelr HNuclear
Survivability Efectromagnetic Pulse  and Lightntng hardening and
survivability Test and Evaluation (Y&E} programs, the Haval Alr Test
Center {NAYAIRYESTCEM) has developed a state-of-the-art capabiiity for
testing Navy and other 0oD systems. & stgnificant element of this
capability are the NAVAIRTESTEEM HEWP and tightning simulators. The
available NAVAIRTESTCEN simulators cover & hroad spectrum of [M
envirenment simutation.

The HAVAIRTESTCEN is the Deb's only “single site center® for
afrcraft Electromagnetic Effects (F3) TaE. As an element of the TAF
center, the synergistic RNuclear Llectromagretic Pulse and Lightning
areas, which are the subject of this presentaticn, have been jntegrated
inte the larger £¥ ROVEF arena providing compiste “one stop shopping®
£3 (EMP, Lightaing, EMIJEMC, EMCON,  Tempest, HPEM, P-Static) test
capability. This practical approach has the potential of reduced test
cost and time, and tncreased the fidelity of aircraft test and
evaluation to the broad specirum of [H environments whether for weapon
system survivabiiftyfvuinerabtiity assessment, design verification, or
reltability/maintainabiiisy support testing. Although the
NAVAIRTESTCEN test capabiiity evelved targely im support of Haval
systems T&E  reguirements, it i3 applicable to the Huclear
Eiectromagretic Pulse ang Lightning community at Targe. The
RAVAIRTESTCIN, as a Majar Range Test Facility Base (MRTFBJ, provides
state-of-the~art simulation capabiiity with major advancements
incorporated over the last three ¥Ears.
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MECHANISME FOR THE BPLITTING OF DEGENERATE

WATURRL PREQUENCIES IN COUPLED MULTICONDUCTORS

Juergen Nitsch#* and Carl E. Baum
Weapons Laboratory/NTAAB
Kirtland AFB NM B7117-6008

and

Richard Sturm

NBC Defense Research and Development Institute
P. O. Box 1320

D~3042 Munster

Federal Republic of Germany

Natural frequencies of strongly coupled wires do not
only experience a shift from their unperturbed values but
also experience splitting. There are various physical
mechanisms assoclated with frequency splitting. In our
contribution we (among others) study the influence of
losses on cables, distance varjations between cables and
different geometries of cables on the natural frequencies,
It is shown that a high symmetry of the considered
configuration is accompanied by a high degree of
degeneration. The above mantioned influences on cables in
general imply resolution of degenerate natural modes.
Theoretical analysis of these phenomena is performed in
the framework of transmission line theory applying
perturbation theory and group-theoretical - as well as
algebraic - considerations. Some selected simple
experiments are reported which confirm our analytical
analysis,

*On leave of absence from the NBC Defense Eezearch
and Development Institute, D-13042 Munster, Federal
Republic of Germany.
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ON THE INCLUSION OF LOSS IN TIME-DOMAIN
SOLUTIONS OF FIELD-TO-TRANSMISSION LINE

COUPLING
F. RACHIDIL M. IANGZ C.A, NUCCK
Swiss Federal Institute of Technology Bologna University
Lab. de Réseaux d'Energie Electrique Ist. di Elettrotecnica Industriale
CH-1015 Lausanne 40136 Bologna
Switzerland {raly
ABSTRACT

Time-domain solutions of field-to-transmission lines coupling give the possibility
10 take into account non-linear phenomena, as for instance the operation of aver-
voltage protection. As a result the use of this method has become more and more
attractive compared to the frequency-domain approach. The main problem remains
however to find a suitable way of taking into account frequency dependent
phenomena such as the skin effect.

Different authors have proposed approaches to inciude the frequency dependent
parameters into time-domain solutions, using the convolution techniques{!,2].
Applying these techniques to the expression of the ground impedance a convolution
integral appears in the time-domain equation describing the field-to-transmission
line coupling phenomena. A method for aveiding the singularity of the integral at
t=0 and for solving the coupling equation is proposed using the point-centered
finite difference technique. This method has been applied to compute the effect of
an EMP on an aerial line over a finite conductive soil.

Comparison with results obtained by vsing a fixed-frequency ground impedance
value have been performed. The comparison shows that it is possible to find a
particular frequency for which the response of the line to the EMP is very similar to
the computation performed taking into account the frequency variation of the
ground impedance.

{1} W. Scot Meyer, H. W. Dommel, "Numerical Modelling of Frequency-
Dependant Transmission-Line Parameters in an Electromagnetic Transients
Program, [EEE Trans. on PAS, pp 1401-1409, 1974

[2] F. M. Tesche, "On the Inclusion of Loss in Time-Domain Solutions of
Electromagnetic Interaction Problems”, Nov. 15, 1988.
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WAVEGUIDE MODEL OF MULTICONDUCTOR TRANSMISSION SYSTEM
WITH RESISTIVE LOADING

Ira Kohlberg, Kohlberg Associates, Inc., Alexandria, VA

In this study we examine ihe two-dimensional space-time behavior of the electric and
magnetic fields as a function of wall resistance for a mutticonductor wansmission system
as shown in Fig. 1. For this configuration the effective wall resistance is given by
Zyw = Ryb, where Ry, is the resistance per unit lengih for a single conductor and b is the
transverse separation between conductors.

The physical model of Fig. T lends itself to an exact analytical solution using a
waveguide model, The fields 1o the resistively loaded region are expressed as a sum of
modes. We have found that five modes are sufficient o adequately define the fields,

In the model of Fig. 1 a TEM wave enters the resisdvely loaded region at 2 = § and
emerges from z = L. with a reduced vertical component Ey because of wall losses. As the
ratio Zw/Zg increases the ratio Bg(x=2)/Ey(x=0) decreases, and the character of the wave
begins to differ significantly from the original TEM wave owing 1o the generation of a
strong Bz component. This component is necessary to support the wall losses.

Numerical results for the fields at positions denoted by A, B, C, D, E, and F in
Fig. 1 are presented which show the distortion of the field as a function of wall
resistance, The limitations of representing this type of system by ordinary transmission

line equations are discussed.
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Flgure 1. Multiconducior Transmisston System
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AN EVALUATION OF THE
iIs TO lw METHOD OF DATA ANALYSIS

Mr, Michael Antley Lt. Col. Gwyn

Mr. Willlam H. Cordova

BDOM Intarnational, inc. Defanse Nuclear Agancy/NMRS
1801 Randolph Road, S.E. Kirtland AFB NM, 87115
Albuqusrgue, NM 87106 (505} 848-2513

(505) 848-5000

ABSTRACT

To date, there are no standardized rules for extending bulk cable current
measuraments (lg) to the associated cable wire. Standardization of this type of
analysis method contributes to efficient and cost sffective weapon system EMP
assessment programs.

This paper presenis a summary of a recant lg/lw ratic study. The study compiled
778 lp/tw ratios derived from EMP response data acquired during three H-60
helicopters (8H-60B, VH-60, and UH-60A) EMP test programs. These H-60 In/lw
results were comparad to previous lp/lw work performed for four fixed wing aircraft,
and 1o an analytically derived In/lw predictor. This study differs from previous related
work in this area in that it is based on data acquired from largely composite systams.
Also, previous studies have adressed primarily fixed-wing fightsr and command,
control, and communications {C3) aircrait.

Data presented in this paper are bassd on the "Technology Advancemeni
Interim Report, Ig To w Method Of Data Analysis Evaluation”, BDM-ABQ-90-0008-TR,

This work was sponsored by the Defense Nuclear Agency (DNA/NMRS), Kirtland
AFB, NM. This presentation is unciassified.
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NUMERICAY, ANALYSIS OF
THE HARDNESS SURVEILILANCE
ITI.ILUOMINATOR

J. Patrick Donchoe
Saad N. Tabet

Mississippi State University
Mississippi State, MS 39782

William D. Prather
Clayborne D. Taylor

Weapons Laboratory
Kirtland AFB, NM 87117

4 rhonmbic wire configuratiom (called the Hardnees
Surveillance Illuminator-HSI)}) has been developed for
providing CW illumination of large electrical systems.
The design which is based upon transmission line
congiderations has shown to perform welil up o 100 HHEz.
A study of the performance for freguencies up to 500 MHz
is presented.

The high frequency analysis is accomplished by the
application of numerical techniques. Specifically, the
NEC-2 program with minor alterations is used to compute
the wire currents and the field confiquration that is
developed in the working volume of the illuminator.
Within the HSI facility are regions of ground screen,
wire radlals, concrete, and dry soil. All of these
regions are considered in the model.

At low fregquencies near 10 MHz and below the wire
configuration acts like a waveguide. As the frequency
approaches 100 MHz the working volume is illuminated by
radiation. Within the conecrete and soil regions the
ground losses significantly perturb the principle field
components. Computations indicate that the HST facility
may be operated for freguencies up to 500 MHz. A
determination of the performance above 500 MHz requires
a new analysisz technique.
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Broadband Properties of the Two-wire Hardness Surveillance uminator
{HSD

C. Zuffada
F.C. Yang

Kaman Sciences Corpomtion, Dikewood Division
2800 28:h Sweet, Suits #370
Santa Monica, CA 90405

W. Prather

Weapons Laboratory-NTAAT
Kirtland Air Force Base
Albuguerque, NM 87117

Absiract

"The characteristics of the HS1 are illusirated, with particular refereace to it§ performances at
high frequencies. i.e. beyond 100 MHz. An approach is presented to calculate the currents
and fields approximately, based on an asymptotic antenna theory. This offers an

irnprovement over the wransmission line moded, and allows the prediction of fields at higher

frequencies. Some comparisons are made between calculations and existing field-map
data.
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A STUDY OF THE EM FIELD ENVIRONMENT IN THE VICINITY OF A CW RADIATOR

F.M. Tesche
Consultant
6921 Spanky Branch Dr.
Dallas, TX 75248
USA

Terbjorn Karlsson
EMTECH
PO Box 50586
580 05 Linkoping
Sweden

ABSTRACY

The use of CW testing is sometimes used for EMP havrdness assessments in
Tieu of threat-level pulse testing. Frequently, this involves locating an
impedance loaded antenna in close proximity to the system being tested and
exciting the antenna with z swept or stepped CW signal from sub-megahertz
frequencies to 100 megahertz, or so. The measured C¥ system responses thus
obtained are then manipulated mathematically to permit the sstimation of the
expected plane wave, iransient responses.

A key element in this process is the knowledge of the EM field
environments in the vicinity of the radiator. Both spatial and frequency
variations are of interest im this regard. This paper describes the
anazlysis of a typical CW radiator using a rigorous model of an antenrna over
a lossy earth., The antenna solution is determined using the moment method,
formulated with the Sommerfeld representation of the lossy earth.
Variations of the EM fields in the vicinity of the antenna are studied, and
plots of the freguency bekavior of the fields at selected points are
presented.  The reconstructed transient fields from this simulator are alse
explored.

This work has been supported by the Swedish Telecom, under the
TEMPERATUR Program.
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Field Characteristics of A Thin-wire EMP Simulator of Semi
Eltiptical Geometry

C. Zuffada
F.C. Yang

Kaman Sciences Corporation, Dikewood Division
2800 28th Street, Suiw #370
Santa Monica, CA 90405

C.E. Baum
Weapons Laboratory-NTAARB
W. Prather

Weapons Laboratory-NTAAT
Kirtland Air Force Base
Albuquerque, NM 87117

Abstract

An approximate solution for the current of a thin elliptical loop has been
determined, based on an asympeotic antenna theory. The flelds at and around the
center have been calenlated, 1o Hlustrate the broadband behavior of this structure
when used as an EMP simulator. The criteria for choosing a uniform loading
resistance to control the field behavior at low frequencies are ilustrated. A
comparison is presented between felds caleulated and measured 1o an actual EMP
simulator.
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PERFORMANCE CF FOUR-WIRE ANTENNA
IN ANECHOIC CHAMBER

Valdis V. Liepa, Changuyl Cheon
and Nenghang Fang
Radiation Laboratory
Department of Electrical and Computer Engineering
The University of Michigan
Ann Arbor, Michigan 48109

ABSTRACT

The design and implementation of a so-called VV
antenna for broadband anechoic chamber illumination is
presented. The antenpna 1s a free space version of
HRardness Surveylance Illumination (HSI}, but of much
smaller scale. The VV antenna has been installed in
the University of Michigan tapered anechoic chamber
whose dimensions are 18 meters in length and 5.4
meters in width and height at the working end. At
present, the antenna is configured for vertical
peolarization and is fed from ultra-broad ballun
followed by a pair of matched amplifiers, one in each
{differential) side. This antenna has been analyzed
using numerical analytical techniques. Here we
present comparision between theoretical and measured
values of parameters such as input impedance,
efficiency, frequency response, and field uniformity.

Sample surface current measurements are presented
for a sphere, and a B~1B model alrcraft in free-flight
and refueling mode configurations to demonstrate the
capability of the facility.
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Curreants on a Wire in Aparturs Coupled Cavities

D. Vuillet-Laurent, D. Lecointe, W. Tabbara
Laboratoire des Signaux et Systémes
C.N.R.5./E.S5.8.

Plateau de Moulon

91190 Gif sur Yvette, France

An incident plane wave is coupled to a wire placed inside a
cylindrical cavity of rectangular or ¢irgular c¢ross section.
The coupling is done through an aperture in one wall of the
cavity. The current on the wire is the solution by means of
a moment method of an integral eguation obtained from a
dyvadic Green's function integral representation of the field
inside the ¢avity. Over the freguency range 100MHz toc 5GHz
the esquivaléent dipole approximation used to model the
aperture leads to acceptable results for the current,

Some numerical problems related to the computation of the
dyadics Green's functlons and to the application of the
method of moments in that particular case will be discussed.
The currents on lcaded/unlcaded wires are computed as a
function of

1) the incident wave: angle of incidence, frequency,polarisation,
2} the aperture paramsters: dimensions, oriertalion, location on
diffarant walls of the cavily,

3} the position of the wire inside the cavity.

The influsnce of the gecmetry of the cavity will be
emphasized through a comparative study of currents in both
cases and in the one of a wire in free space. This part of
the investigation is done with the aim of finding some
approximate and still accurate form of the solution in
order to avold lengthy computational times and obtain somme
physical insight into the coupling phenomena.
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SCATTERING PARAMETERS OF E.M. COUPLING TRROUGKE AN APERTURE

by J.P. Parmantier*, G. Labaune, J.P. Aparicio, J.C. Rlliot

Office National d'Etudes et de Recherches Rérospatiales,
BP 72, 92322 Chatillon Cedex, France

* hvions Marcel Dassault-Bréguet Aviation, 92214 Saint~Cloud, France

The aim of the paper iz to express the coupling of two wires loecated
both sides of an aperture in a conducting plase in the formalism of the
Electromagnetic Topology.

The scattering parameters of the experinental device are determined
congidering four points taken at the extremities of each wire,
Therefore, we define an electrical model where the coupling through the
aperture is represented by 2 current and a voltage generators,
according the K.§.H. Lee's representation. Furthermore we propose an
analytical expression of the scattering parameters in the guasi-static
approximation.

The analysis of the experimental curves representing the eanergy
transferred from a volume to the other gives the eguivalent voltage and
current sources. The results are compared to a well-known analytical
expreszion in the case of large apertures.

The B.L.T. equation is then used to determine the scattering parameters
of the junetion located at the aperture level: they are in fact the
parameters of the aperture.

¥e'1ll show how these results can be integrated in the "Good-Shielding-
Approximation”.
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HIGH FREQUENCY ELECTROMAGNETIC COUPLING
THROUGH SLOTS AND RIVETED SEAMS

by

P. M. McKenna*
T. H. Rodolph
R. A. Perala

ELECTRO MAGNETIC APPLICATIONS, INC.
12567 West Cedar Drive, Suite 250
Lakewood, Colerado 80$228-2091

U.5.A
Phone: (303) 980-0070

ABSTRACT

The coupling of high frequency (microwave) electromagnetic radiation
through slots and riveted slams in infinite metal sheets is investigated using a
combination of time domain finite difference techniques and the amalytic
expressions for the fields due to sources in an aperture in a plane sheet, {irst derived
by Smythe*. The aperture sources are calculated using time domain finite
difference transient excitation of the aperture. The source fields are then
transformed to the frequency domain and applied to the analytic expressions via
nurmnerical integration over the aperture to obtain the transmitted and backscattered
electromagnetic fields. Results for rectangular slots show large transmitted fields at
the slot half wave resonance and its odd harmonics, for the excitations studied. The
ransmitted fields for the riveted seam are large at frequencies corresponding to a
skin-support member overlap resonance and a rivet separation resonance.

*W.R. Smythe, Phys. Rev. 72, 1066 (1947}
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ELECTROMAGNETIC PROPERTIES OF JOINTS BETWEER METALLIC
AND COMPOSITE SURFACES

by G. Labaune, M. Sternberg, V. Gobia, J. Grandeo, J.C. Alliot

Office National d'Etudes et de Recherches Aérospatiales
BP 72, %2322 Chatillon Cedex, France

sints are an important way of electromagnetic energy penetration
1side aircraft.

1e junction between metallic structures and finite conductivity panels
a3 been studied theoretically by Casey in the case of circular panel
f isotropic and finite conductivity surrounded by uniform resistive
sints.

2 present a study of the diffraction of the magnetic field through an
perture loaded by a finite conductivity material. The panel
snductivity may be isotropic or not and the jeint conductivity may be
aiform or not.

1e experiment was carried out with a T.E.M. cell allowing the
zasurements of the magnetic field diffracted through & panel
rradiated by a plane wave.

e numerical calculation uses the noments method to solve the EFIE
uation.

& present a comparison between experimentsl and numerical resultg

4ich show a large influence of the joint resistance distributicn in
2e case of a nonisctropic conductivity of the panel material.
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DESCRIPTION OF A NEW SURFACE IMPEDANCE SENSCR FOR CONDUCTIVE MATERIALS

by V. Gobin, 6. Labaune, F. Issac

Office National d'Etudes et de Recherches Aérospatiales,
BP 72, 92322 Chatillon Cedex, France

Usually, the method to measure the surface impedance of a conductive
material consists to measure the shielding effectiveness of a sample of
this material interposed betwgen a radiating antepna and a receiving
antenna. This method has some drawbacks:

~ the measurements depend upon the geometry of the sample and upon the
electrical connection between the sample and the surrounding
structure. Thus, the relation between shielding effectiveness and the
naterial conductivity has to be calculated. An analytical caleculation
is possihle in a few cases (for exemple, a circular aperture in an
infinite conductive plane loaded by conductive mnaterial and
irradiated by a plane wave},

-~ the measurements must be carried out both sides of the sample. This
drawback is very important for practical uses.

We show, using an analytical calculation, that we can use a particular
irradiation of the sample which allows to avoid these two drawbacks.

Theoretical results are compared to experimental results for samples
which surface impedance varies from some micro-ohms to several ohms.
This measurement method leads to the definition of a sensor. This one
allows to measure the conductivity of conductive materials. The samples
may be of any shape, connected or not to any structure. They can be
covered by insulating coating and the measurement is carried out using
radiating and receiving antennas located only one side of the sample.
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RESPONSE OF AN OVERHEAD WIRE NEAR A NEMP SIMULATOR

D.Hansen, H.Schaer, D.Koenigstein, H.Hoitink and H.Garbe
Asea Brown Boveri Ltd., Corporate Research
ABB EMI Control Center
Baden, Switzerland

and

D.V.Giri
Pro-Tech , 125 University Avenue,Berkeley,CA 94710

ABSTRACT

The response of an overhead wire iliuminated by a simulated
nuclear elactromagnetic pulse {NEMP) has been experimentally investigataed.
The wire is 70 m Tong, 7 mm in diameter and is situated 5 m above ground.
It is located 20 m away from a hybrid type of EMP simulator. The simulator
is a resistively loaded elliptical Toop structure with its pulse source
located 20 m above the ground. The overhead wire is terminated with
various combinations of short circuit, open circuit and characteristic
impedance at the two ends and the current response is measured at one end
and in the middle. The measured responses are compared with calculated
values from available analytical models.

The authors wish to thank the Swiss Armament Technoclogy and Procuremant
Group, Spiez (Swiss Department of Defense) and the Swiss Federal Railway
Zompany for their support and cooperation.
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A GEOMETRY DEPENDENT CAR MODEL DERIVED FROM A TWO-
DIMENSIONAL SURFACE LAPLACIAN

Terry. L. Brown
Kaman Sciences, Inc.
Dikewood Division
6400 Uptown Bivd., N.E,, Suite 300 E
Albuquergue, Mew Mexico 87110

For a thin conducting surface, the two dimensional Laplacian solution can bs
applied to the surfaces of three-dimensicnal configurations. A resistive sheset
solution resulting from "unfolding” the three-dimensional structure has been
applied 1o two basic geometries. A rectangular parallelepiped and a right
circular cylinder are used o approximate the principle structures of a generic
raifroad boxcar and tank car. From the numeric solution of the Laplacian,
inferences concerning the low frequency (static/quasistatic) response can be
made for these geometry dependent structures due to a DC (or near DC)
current flow inte and out of the cars. The interior diffused H-lields, surface
current densily contours, streamlines, resistance, self and mutual inductancs
ara presented for these railcar-iike geomatries.

38



Broadiband Strength Teasting

W. R, Ayres
Waapons Laboratory - NTAAT
Kirtland Alr Force Base
Albuquerque, N 87117

D.P. Mclemore
Kaman Sciences Corm.
8400 Uptown Bivd NE

Aluguerque, NM BY110

J.G. Krainak
Correa Enterprises, Ing.
5801 Osuna Foad NE
Albuguerque, NM 87109

The adoption and subsequent refinemerd of MIL-STD-461/462 hag been a significant
step forward in the arena of spacifications and standards. Baseline strengths for aircratt LRUS can
be determined empirically using at least 5 different damped sine waveforms with varying
frequency and amplitude. Even though provisions exist in the conducted susceptibillty portions
of MIL-STD-461/462 {o test at other than the basic 5 frequencies of 10kHz, 100kHz, 1 MMz,
10MHz and 50 MHz when warranted by system design considerations, using a test waveform
specitication with more of a broadband character would fend to assure that the sirength of a
systemn had bean tested over the entive frequency band of intarest.

With the advent of technological advancas such as Arbitrary Waveform Generators and
pulse amplifiers, more complex wavelonms can be used for LRY strangth tasting.  This paper will
address three issues associated with the general used of broadband strength lesting:

« appropriate replacemeant strangth waveforms which ensure at least MIL-
STD-461/482 LRU strengths

« potenttal basis functions derivad from actual EMPTAC EMP data which
could be used for general LRU strangth criterda

= the need for careful attentlon to signaimolss issues when using
broadband strength verification methods in assessment programs
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MANUEL W. WIK
DEFENSE MATERIEL ADMINISTRATION
ELECTRONICS DIRECTORATE
5 11588 STOCKHOLM
SWEDEN

This paper is based on a report originally prepa-
rad for bthe Swedish Military Information canfe-

rence 1989, MILINF 83.

It discussas High-Power Elactremagnetic Haapons
becoming part of electrenic warfare, comparison
5f slectromagnetic threats, asdvanitages and disad-
vantages of HPM weapons amnd some remarks on the

HPFM program in Sweden.
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Elecirnmagnetic threats from lighining. high-altitude
nruclear EMP, and high-power microwave coupling as a
Junction of frequency {schemaic diagram}.
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COMBINING RF SOURCES USING {p SYMMETRY
Carl E. Baum

Weapons Laboratory/NTAAB

Air Force Systems Command

Kirtland AFB NM 87117-6008

This paper considers the use of point symmetry groups
(retation and reflection) for desipgring arrays of RF
sources. Symmetry is helpful for eperating all the sources
under the same conditions of voltage, current, ete. Besides
having the sources, all operate at the same frequency one
needs co control the relative phases so that the signals can
be appropriately added.
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SLOWER TG FASTER WAVE SOURCES

Albere Wayne Biggs#®
Weapons Lab/AWK
irtland Air Force Base, N Mexico 87117

This paper pressnts the design of several multi-section
tranaformers which allow slower waves, such as those found in
glow wave structures for travelling wave tubes (TWT's), magne—
tvons, and some lasers, bto become faster waves without the
degradation of losing phase and energy. Exawmples are given
for periodic structures with 11 Sections or Unit Cells and 10
Junctions, decreasing monctonously to 2 Sections or Unit Cells
and 1 Junction in decrements of | Section and 1 Junction.
These are portrayed for Bandwidths (BW) of 2.0 (Chebyshev's)
and 1.0 {Binomial and Pascal’s), where BW 1s the ratioc of
the upper frequency to the lower frequency in the band. This
method is wvery versatile because it can be applied to Very
Narrow BW of 1.0 to Awful Wide Bandwidrha (AWB) of 10.0 and
higher. A trausformer is presented for AWB of infinity.

* Dr. Biggs 1s alsc Professor of Electrical Engineering at
the Univervaity of Alabama.
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LINEAR DISPERSION RELATIONS FOR AXIAL MICROWAVE SOURCES

Kendall F. Casey
JAYCOR
39650 Liberty Street, Suite 320
Fremont, CA 94538

We develop a homogeneous linear integrodifferential equation describing the
mall-signal behavior of “axial” microwave sources wherein the current iz con-
trained to flow in a fixed direction. The sigenvalues of this integral equation yield
he complex frequencies at which small-signal operation is possible, as functions of
he bearn and structure parameters. The microwave source structure is described by
an appropriate Green’s function, whose eigenfunctions play a critical role in shaping
he solutions to the integral equation, Because the finite length of the structure is
ncluded ab inftio, the start-cscillation conditions are obtained directly.

Numerical data are presented to illustrate the analysis as applied to a Cerenkov
iscillator. Applications to other micrownve sources such as backward-wave oscilla-
ors are also discussed.
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TECHNIQUES FOR PROPER MEASUREMENTS OF ELECTROMAGNETIC FIELDS
By
Gary D. Sawer

EG&G Speclal Projects

2450 Alamo Avenue, 3E

Albuquerque, NM 87106
{505) 243.2233

The measurement of electromagnetic fields in free space is
not a trivizl task. The Instrumentation system scatters electro-
magnetic energy and hence purturbs the measurement. Currents and
charges are Induced the Instrumentation which add unwanted signals to
the field sensors. Undesired fileld componentis can generate unwanted
stgnals in the sensors unless they have been carefully designed and
manufactured. Dynamic range conslderatlions in data transmission
links and recording instrumentation are essential to prevent signal
saturation or excessive nolse on ths data.

This paper addresses the sources and solutions of these
potential problems, based upon many years of practical experience.
Eleceric and magnetic fleld sensor designs ave discussed, based on
Maxwell's equatlions, which allew for the measurement of a single
field component. Alignment of the sensors and auxiliary equipment
along squipotential surfaces so as to minimize field scattering and
current/charge coupling into the sensors is discussed. The use of
common-mode balung te quantify this unwanted coupling and minimize It
is addrassed. Alsc mentioned le the proper design and setup of
isolatred data links and transient data recordevs.

The very lmpertant issue of I{nstrumentation setup and
checkout 1s highlighted. HNoise shorts, senser inversion, common-mods
measurements, etc., are imperative bhefore data are acquired and again
periecdically during a long test program. Improper I{nstrumentation
configuration and checkout are inexcuseable; the cost of bad data 1is
very high..

This work was sponsored by EG&E&G for claviflication of
specifications of existing commerclal products.
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EMHANCED £-FIELD SERSOR FOR LOW FREQUENCY MEASUREMENTS

F.S. Hickel, D.E. Thomas, $.J. Halke
80M International
1801 Randolph Road, S.E.
Albuquerque, New Mexico 87108

Typical time derivative electric field (D-dot} sensors have good high fre-
quency S/N vatios, but have inadeguate lower frequency sensitivities for
some measurement situations. A project involving the measturement and
analysis of the transient electric fields caused by high-volitage switching
operations in electric power substations required the acquisition of time-
domain field waveforms over a bandwidih ranging from a few Hertz to above
100 MHz. A "slow” anteana capable of capturing the Tew frequency/late-time
"tall” of electric field waveforms was developed by combining a conven-
tional charge amplifier/integrator with a concentric disk dipole D-dot an-
tenna. Normally, the late-time tail is wissed due to the tradeoff between
the 50-ochm RC integrator’s time-censtant and the sensor’s derivative fre-
quency response. Comparisons between data acquirved with a traditional
ACD-63 E-field sensor {with a 10u$ RC-integrator) and data acquired simul-
taneously using the siow antenna are preseanted.

This work is sponsored by the EPR]I Electrical Systems Division under con-
fract RP2764-1.

The authers wish to acknowledge W. Reeson and ¥. P. Winn of N.M.L.K.T. for
their suggestions regarding the electronics for this Jow frequency electric
field sensor.
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An Incldent Fizld Zenscr for BMP Measuremesnts
Everett G. Farr and Josaph 3., Hofstra
BDM International, Ing.

When measuzing fleids at hybrid EMP simulatoers, 1t 1z often
desirable to have a ssnszcr that is dlrectional. By this, we wmean
the sensor has a cardioid, or l+cos(theta) antenna pattern. This
allows one te measure only Tthe lIncident fleld in an
anvironment where both incldent and reflected £lelds are present.

With currently avallable sensors, we are only able to
measure total {incident + reflected) fields. There are timas,
howaver, when it would be use2ful to.lsolate the Incldent fleld
from the total £leld. An example of this is when performing
axtrapelations at hybrid EMP simulaters{l], such as ATHAMAS I,
aizo known as HPD. This paper describes the development of a
sensor that isolates the inctdent £ield from the total field.

The design of the sensoxr ls based on an ldea develolped for
a unidirecticonal EMP simulatexr{2}. By using this device as a
receiving antenna instead of a transmitting antenna, a
directional sansor ls achieved. We call this sensor the Balanced
Transmisgsion line wave sensoxr, or BTW.

In this presentabtion, a simplified theory of operation s
discussed, and experimental results are presented. We found the
Fronk/Back ratioc of ocur prototype sensor was 20-29 dB. This may
be adequate for practical applications, and 1% may be possible to
impeove the Pront/Back ratlo with Efurther work.

{1] BE. G. Fazrz,., Extrapolalhlon of Ground-Alert Mode Data at Hybrid
EMP Simulators, Senser and Simulation MNote 311, July 19%88.

121 F. Yu, et. al., Multlpole Radiations: Formulaticon and
Evaluaticn for Small EMP 3Jlmulators, Sensor and Simulation HNote
243, July 19, 19748.
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COMPARISON OF MEASURED VS. CALCULATED
INCIDENT FIELD MEASUREMENTS

LT JAMES J. GRIMM IT
STEPHEN L. LANGDON

WL/NTAOA
KIRTLAND AFB, NM

ABSTRACT

The present sensors used to measure the fields at an
Horizontally Peolarized Dipole (HPD) EMP simulator record the
total field. These measurements are a superpesition of the
incident and reflected filelds. ZExtrapolation functicns are based
on a ratio of the actual measured incident field and a threat
incident field. Therefore it is necessary to obtain the measured
incident field. Presently, to obtain the incident field both the
electric and magnetic flelds must be measured and then
mathematically combined to produce an incident field waveform.

Recently, a magnetic incident field senser was designed and
produced by the BDM corporation. This sensor was tested at the
Kirtland HPD facility. The data obtained from this sensor are
compired to the calculated incident fields measured at the same
locations during the EMPTAC Test 4.
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An analysis of the peaking circuit

¢. Goldstein
Rafael, P.0. Box 2250, Haifa, Israel

Peaking circuits are intensively used in pulsed power and EMP simula-
tors vhen fast risatimes are required. A peaking circult consists of a pea-
king capacitor an inductor and a switch. The shape of the pulse is very

sensitive to the values of the capacitance, inductance, and the switeh
firing time.

The proper values needed for a good pulse shape and the effect of a
deviation from thesa values are discussed and demonstrated by means of nu-
merical calculatins.,

The charging time constant of the peaking capacitor C, through the
inductor L, should be approximately equal to the discharge time constant of
c, through the load R.

€, should be small compared to the generator capacitance C,, but too
small €, will cause oscillaticas on the decay and will increase the sensi-
tivity to the switch firing time. The switch should be fired when
V(C,) = V(C.).
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A fast risetime small EMP simulator

. Goldstein
Rafasl, PF.0. Box 2250, Haifa, Israsel

buring the last few years there has been much talk in the EHP
community about weapons vhich generate an ENP pulse with rizsetime
considerably shorter than the 5 ns required for EMF simulation
according to MiY Std 461 .

In the large multy megavelt simulators, z risetime of 5 ns is
about the limit of available technology. In smaller simulators, vith
dimensions limited to a few meters and which are driven by genevators
of a fev hundred k¥, the risetime can be reduced {f very carefully
designed. The high fraquency cantent of the shorter risetime will
couple effectively only to short conducters which occur mainiy in
smell systems or at the subsystem level. A test of small units with a
small simulator having a fast risetime might be of great value in the
process of testing and hardening.

In the present work an EMP simulator is described for which the
measured risetime of the B field, in the working volume, iz less than
2 ns. A large part of the measured risetime is contributed by com-
ponents of the measuring system, such as the E probe, cable and

oscilloscope. Eliminating these factors would result in a risetine of
T. = 1.5 ns.

the simulator consistz of an Elgal EM-103 100 kV generator, 4
peaking circuit and a 1 m high “"parallel plate” radiator. & fast and
low jitter switch was developed for the peaking circult. The peaking
capacitor is either a flat or coaxial transmission line.

Mumerieal calculations vere performed in order to establizh the

optimal values of the components in the peaking circuit and the time
at which the switech should be fired.
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CANONICAL EXAMPLES FOR HIGH- FREQUENCY
PROPAGATION ON UNIT CELL OF WAVE-LAUNCHER ARRAY
Carl E. Baum

Weapons Laboratory/NTAAB

Air Force Systems Command

Kirciand AFB NM 87117-6008

This paper extends the available amalytic solutions for a perlodic
array of wave launchers. These solutions are based om the high-
frequency approximation of the multiconductor transmission-line
equations. The examples here are for some profiles of the
characteristic-impedance matrix (2 x 2) for two conductors {plus
refersnce). Comparing the solutions for different profilles one can
begin to optimize the profile.
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A FAMILY OF CAMONICAL EXAMPLES FOR HIGH FREQUENCY
PROPAGATION ON  UNIT CELL OF WAVE-LAUNCHER ARRAY

D.V.Giri
Pro-Tech, 125 University Avenue,Berkeley,CA 934710

ABSTRACT

Recent papers [%,2 and 3} have considered the high-frequency
(or equivalently eariy-time) propagation of a step pulse source at the
apex, along the unit cell of a symmetric in-line , periodic array of wave
launchers. Starting from multiconductor ftransmission line equations
spacialized to a two conductor (plus reference) model for the unit cell
[3] derives an expression for the voltage transfer ratio from the source
to the aperture plane in the high frequency Timit. Using these available
solutions, a family of design curves that permit & desired high-frequency
voitage transfer ratio from the imput at the apex to the aperture plane
are computed and plotied.

Re ferernices

1. C.E.Baum, Coupled Transmission-Line Model of Perjodic Array of Wave
Launchers, Sensor and Simulation Note 313, [ecember 1988,

2. D.V.Giri, Impedance Matrix Characterization of an Imcremental length
of a periodic Array of Wave Launchers, Sensor and Simulation Note
316, April 1989,

3. C.t.Baum, Canonical Examples for High-Frequency Propagation on Unit

Cell of Wave-Launcher Array, Sensor and Simulation Hote 317, April
1989,
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UPGRADING EXISTING EMP SIMULATORS FOH ENHANCED
SYSTEM VULNERABILITY ASSESSMENMT

A, Griffin (AFSCAWL), L Smith and V. Carboni {PSI),
Dr. Gin {(Pro-Tech), and M. Dinallo {Quatro Corp.)
Quatro Corporation
4300 San Mateo Bivd., N.E., Suits B-230
Albugqueraus, New Mexico 87110

Doly directives for anhanced HEMP weapon system survivability have provided
an impelus io assess exisiing EMP simuiator capability and upgrades {dasigns).
The AFSC/WL at Kirtland Alr Force Base has investigated saveral upgrade
designs for various EMP simulators. These includse the HPD, VPD, TRESTLE,
and ALECS R&D faciliies. At HPD using the HAG-1A pulser, measuremenis
indicate a {10 to G0 percent) 1.2 ns risetime envircnment can be provided
throughout the working volume.  With minor modifications o the HAG-1A
risetimes of less than a nanosecond can be expected along with a 50 kKV/im
peak field amplilude directly underneath the antenna in a half rised
configuration.? At VPU, a multichannel switch couid be used lo provide
gnvironments in the he 1 and 2 ns range.?  Results of iaboratory experiments
will be discussed. A propesed upgrads of the TRESTLE pulse power system
would also support igunching of short risetime pulses by improving the
pulser/switch/iransmission ling interface.?  Substantiating measurements
acquired during a "point-source” experiment at TRESTLE will be presented.?
Finally, a concepiual design consisting of a hybridized HPMWEMP ALECS
simulator will be discussed.’

1 “Capahifity tmprovements for Enhanced EMP SimulalionvRecording,” BOMMSC
Subtask 01-01/08, THE-101-MI-88-003, Coniract F29601-87-5-0202, Septamber 1, 1988,

2 "yPD-1l Upgrade,” BOMMSC/TRE Final Raport, Subtask 03-03-00, 303-RTa-88-001,
Contraci F22801-87-0201, April 19, 1988,

3 “Engingering Study of TRESTLE Puise Power Syslam Haconfiguration,” BOMMSC/KIR
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EXPERIMENTAL PRETEST SURVEVY--A NEW TECHHNIQUE FOR
DETERMINING EMP TEST POINTS

L. O Hoeft, J. 5. Hofstra, H. J. Karasklewsr snd W, H. Cordova
BUOM intemational, Ing,
180t Randolph Rd., SE
Albuguerque, N 87108
{BO5) 848-83%8

William £ Prather
Weapong Laboraiony (NTAA)
Kirttand Alr Force Base, NM 87417
{505) 844-0327

Test point selection and pretes! analysis equenily consumes 3 large amount of time
during EMP tast planning because of the many unknowns in the eleciromagnetic shislding
fopslogy of the Rem under lest and urcertalntles thal naturally exist in the cirmul threshold
distribution. ¥ the system uses non-linear hardening slemers to reducs the coupling via
conductive penstrations, additional uncertaintias are presend. Resolving these uncertalitles is
time consurning, expensive and frequently impossible. As a result, the [ast planner will fry to
cover ag many eventualities as possible, specify as many tes! poinis as there is money for and
hope that all the significart poinis of entry have been included, Experience has shown that
many Hmes significant coupling paths are missed, gither because the system has been modifled
of bacauss the characteristics of the points of erdry were now known or undersiood. This paper
shows how several new technicues, such as SPEHS, HSL and RISDG, can he used fo guids
the tast planner towards a successhultest,

In the tast few years, 2 number of sitnple hardness surveillance test technologles, sueh
Single Point Excitation for Hardness Surveillance (SPEHS) and the Hardness Survaillancs
Huminator (HS1, have been developed which aliow the culer shielding topology o be quickly
characlerized. For an gxpermental pretest survey, the SPEHS or HSI techniaues are used 1o
excie the alreraft at its fundamental resonant frequency (usually a few MHz) and sometimes at 2
few spot frequencies in the 10 to 100 MHz frequency range. These excilation technigques
require a minimum of faciities, therefors, technigues ke SPEHS can be used whare the aircralt
are rather than where the EMP facilities are. A battery operated fleld strength meter and
appropriale sensor is used 1o map the flekds on the exterdor surface of the aireraft and at the
propesed test point locations insida the aircraft. Ratios of these lields give a st cot of the the
transter tunctions that characterize the shisiding topology. Using a current probe instead of an
antenna on the field sirength meter aflows the conductive penetrations to be characierized and
fleid to cable current kansfer functions io be obdained. Using the fleld strengih mefer as &
“sniffer” aliows the electromagnetic *hot spote® 1o be located and identified,

The electrical strength of the syster can bs determined using the Random Repstiive
Square Wave Pulse Genaratar (RESPG) technigue. This lechnlgue injects thousands of piises
o the aircrafl's cables in & controffed fashion. ARhough I & stmall, simple and hattery
operated, § can inject damped square waves oo the cables with currents up o 16 A, The
tnterval between pulses is random with an average repetliion rale of 36 Hz, This techniqus
afiows the upset threshold to be determined using curents that are usually equivaient to those

expacted by the threat plus a safety margin. A first cut of the upset valnerabifity can usually be
pedormed in a few days.

By irvesting a lew days in an experimental prefest survay, the test planner gets a sef of
teansier functions that allows test point seleclion to be pedermed with increased confldancs, In
addition, the crude estimate of the hardness sttained durng the pretest survey alows the
planner fo astimate # the system has the necessary handness io maks 3 ful EMP tegt wodhwhile,
or § certain alements of the system should be madiffed prior to test,
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FAULT INSERTION TESTING
A METHOD TO DEMONSTRATE SYSTEM LEVEL EMP SAFETY
MARGINS

By P. J. Miller
TRW
2340 Alamo Ave., S.E., Suite 200
Albuquerque, New Mexico 87108

Systam-lavel EMP tests are performad io characterize the hardness of complex
weapons systems, These tesis usually focus on collecting data {o validate
specifications and allocations. In addition, they often include a "Generals test”
to demonstrate that the weapon system operates through a full level EMP
without mission degradation {upset). Howaver, rarely do these tesis give
margin information; margins are either computed or are inferred from
supplemental direct drive testing. The Fault Insertion Method (FIM) offers an
inexpensive way to directly demonstrate margin during a system-level EMP test.
Morgover, margins obtained using FIM are dirsctly related to the design
margins raquired to offset known degradations observed on operational
systems.

The FiM concept is thoroughly examined. FIM hardware design issuas are
discussed. Laboratory and system-lavel test data acquired on the EMP Test-
Bed Alrcraft are used 1o demonstrate the controlied effect of adding calibrated
faults to cabis shields and apertures. [n addition, correlation is demonstrated
batwean localized cw measurements and systam-level EMP test transfer
functions obtained on FIM components, Recommendations are made {or the
proper role of FIM in EMP validation, assessment, and hardness maintenance
programs.
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THE EFFECTS OF SIMULATED ELECTROMAGNETIC
PULSE ON COMMERCIAL AIRCRAFT

By:
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IR, Rttt
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Electro Magnetic Applications, Inc
12567 W. Cedar, Suite 358
Lakewood, Colorade 80II8

(303; 9B0-0067¢

Prepared under Contract with
Sol Telecommunications Services, Inc,
and
Harry Diamond Laboratories, Inc.
tnder Contract #: STS/T-89.8032

ABETRACYT

An iteqs of recent major interest within the EMP community has been the
environmental impact of EMP simulators. One of the environmental concerns is the
effects of the simalated EMP {SEMP) on commercial aireraft. Of pardoular interest are
the effects upon flight critical digical systems, such as a Full Authorty Digial Eagine
Controller (FADED), integrated display systems (IDS), and Digial Fly by Wire
{DFBW) flight conirel systems. Flight esseniisl navigation systems are also of
interast, but are not addressed here.

The purpose of this paper is 1o evaluaie the susceptibility of commercial aireraft
1o the SEMP hazard based upon the Army's AESOP simulator. The following issues
are addressed:

The AESOP environmient at alttude,

Coupling to cables within comemercial aircraft,
Known wansient safe lavels for commaercial airoraft,
Dietermination of threshold levels.

Conclusions,

(PR ES B Y

It bas been found that data from commercial aireraft indicate the civil aircraft
critical systems should not e adversely affected by SEMP levels up to about 15 kV/m.
This is bazed on a limited number of data points, however. There is a much larger
military data base, and it is found from this that perhaps 2 factor of 2 margin should be
considered to bring the threshold level down o about § kKVY/m.
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HEMP COUPLING TO SUBSTATION RELAYS

C.M. Wiggins, D.E. Thomas, T.M. Salas P.R. Barnes
80 International #Hartin Marietta Energy Systems
1801 Randolph Rd. SE OBNL, P.0. Box 2008
Atbuguerque, NM 87106 Oak Ridge, TH 37831-8070
$.E. Wright

Electric Power Research Institute
P.0. Box 10412
Palo Alto, CA 94303

Calculations of CHAP-fit HEMP coupling to relay circuils have
been made using models validated against switching transient measure-
ments In electric power substations. Comparisons of HEMP with AIS and
GIS switching transients show considerable overlap in terms of
amplitudes and bandwidihs. Measured data and predictions using travel-
ing wave models for the substation, transmission lines connacled to
the substation, and relay control wiring describe the different cou-
pling modes and assess the amount of interference at the relay inputs.
Transfer functions for several coupling mechanisms are described. The
effect of relay Toad impedance versus freguency on the resulting in-
terference waveshapes and peak amplitudes has been calculated using
measured relay impedances.

Switching transient work sponsored by EPRI Electrical Systems [Divison
under contract RP2674-1.

HEMP work sponsored by Office of Inergy Storage and Distribution,
United 3tates Department of Energy under Contract DE-ACOS5-840R21400
with Martin Marietla Energy Systems as operator of Oak Ridge National
Laboratory.
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TRANSIENT RESPONSE OF A DISTRIBUTION CIRCUIT RECLOSER
AND CONTROL UNIT TO A HIGH-ALTITUDE ELECTROMAGNETIC
PULSE (IIEMP) AND LIGHTNING

F.M. Tesche
Consultant
6921 Spanky branch Dr.
Dallas, TX 75248

P.R. Barnes
Oak Ridge National Laboratory
Bldg. 3147, MS-6070
PO Box 2008
Oak Ridge, TN 373316070

ABSTRACT

This paper presents an analysis of the response of & power system distribution line
:closer unit to a high altitude electromagnetic pulse {HEMP) and a lightnin
irect-sirike excitation. From details of the configuration of the system, physical an
1athematical models are developed, and a study of possible HEMP responses is
onducted. Two voltage and two current responses at selected points within the system
re studied for both the HEMP and lightning stresses. The possibility of simulating the
IEMP responses is also discussed, with predicted and measured responses being provided
 the Advanced Research EMP Simulator (ARES).
This work has been sponsored by the Office of Energy Storage and Distribution of

2e U.S. Department of Energy, through the Oak Ridge National Laboratory, under
ontract DE-AC05-84R-21400.
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Title: 2 Merhod for Detsrmining the Effects of Simulated
Electromagnetic Pulse (SEMP) on Ccardiac Pacemakers

Buthor: Vincent J. Eliils {703} 430-2298
7.8, Army Harry Diamond Laboratories
Woocdbridge Ressarch Facility, Attn: SLCHD-NW-ES
2800 Powder Mill Rd.
adelphi, MD. 20783

A method was developed which smploys both erpirical and
analytical technigues in determining the effects of simulated
EMP (SEMP) on cardlac pacemakers {CPMis). This «ffort was
initiated a=s one element of the ve-evaluation of the
Woodbridge Research Faclility's {WRF's}, epvironmental
documentartion for the operatjon of EMP simulators, Although
specific te SEMP and WRF in applicatien, this wmethod way be
used to determine the effecis of any eleckromagnetlic source
on CPMs.

The system functions of pacemakers, in  typical
configurations, were determined experimentally via fraguency
domain measurements of coupled pacemaker lead currents. To
facllitate the measurements, a rvadiating €W source wasg used
to excits pacemakers ewmbadded in an alactromagnetic “phanton®
(a test fixture constructed to represent a human body in both
physical characteristics and electrical paraneters). Computer—
genarated ENP waveforms were then convolved with the CPM
system functions, and the results transformed to the time
domain to produce the induced pacemaker lead currents.
Numercus permutationz of pacemaker, phantom, and field
orientarions were analyzed to develop the theoretical worst-
case pacemaker response to the WRF EMP simulators. These
worst-case currents were then used as the "model” for the
output paramaeters of a current injesctor. While being monltored
sontinuously, each pacemaker test sample was injected with a
range of currents proportiocnal te the predicted worst-case
current to facilitate the determination of damage and/or
upsaet thresheolds, relative to the CPM's proximity to an EMP
simulator.

Two independent analytical studies were performed in
parallel with the experimental study o validate the
experimental results, The first method atilized a buried
transmission line model to predict the implanted CPM terminal
currants. The ssecond method involved incorporating a pacemaker
into a 3-D computer code model of the human body to develop
the freguency domain transfzr function of an implanted
pacemaker. The pacemakey lead currents wera then determined
through conveolutinn with SEMP  fileld predictions and
transformations to the time deomain.

Recommendations are submitted for further efforts in

developing a wmore accurate simulation of human tissue
{phantom) and evaluating a larger sample base of CPMs.,
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SOME SHARP BOUNDS ON WAVEFORM NORMS

Jdoseph C. Krainak
Correa Enterprises, inc.
5801 Osuna Road NE
Albugquergue, NM 87109

Attempts lo standardize hardness verification and acceptance testing for efectronic equipment
have included characterizing simulated threal wavelonms on cables using varous norms. Norms
used have inciuded the peak value of the wavelonn, the maximum derivative of the waveform,
the total energy in the waveform, and others. The resull presented here shows that under
moedeast assumplions, waveforms which represent the marimum sttainable vatues of these
norme can be identifed. With the advent of waveform synthesizers which generate arbitrary
waveiorm shapes, these waveiorms may be useful test waveforms In the hardnass acceptance
iesting of products.

Sharp bounds on the peak, peak denvative, and finite duration impulse norms are obtainable by
restricting atiention to strictly bandlimited, finite energy waveforms. These restrictions are
reasonable in most confexis and infroduce no real restriclions on plausible stress waveforms, A
strictly bandlimited function h{f) may be represented as an infinita sum of sin(x)/x functions:

aa

h(ty = % h(n/(2BYsIn2 x B (- 0/ (B2 2 B (L~ n/(28))]

[tsu~ca

where H{f}, the Fourler transform of h{i}, is zero for jf] > B,

When, In addition, attention is restricted i finite energy functions, one may identify the
coefficient sequences {M2B) in= ..., -2, -1, 0, 1, 2, ...} with the Hilbert Space, 5. Wavelorms
which maximize or mininize a variety of norms may be determined (sometimes uniquely, uploa
fima shift} by applying the norm fo the infinite serdes represenation of the function. This
frequently corresponds to a terme-by-terrn application of the norm to the shiffed sin{xi/x terms in
the above sedes. Selecting the sample values h(r/{2B}) to maximize the sum subjeciio a
reguireent for finite energy then provides the waveform required. i the case of the rectified
impuise over an infinite iime interval, the maximizing funciion does not axist, In this case, the
normfas formutiated does not reflect a quantity which is useful in assessing the stressiuingss of
waveforms.
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NOBMS OF VECTORS OF TIME-DOMAIN SIGNALS PASSING
THROUGH FILTERS AND NORM LIMITERS AT SUBSHIELDS
Carl E. Baum

Weapons Laboratory/NTAAB

Alr Foree Systems Command

Kirtland AFB NM 87117-5008

This paper extends the use of filters and norm limiters from single
time-domain signals to vectors of such signals penetrating subshields,
This gives a general format for specifying the perfermance of protaction
of electronic systems in the presence of various electromagnetic
environments.
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ABSTRACT
THE EFFECT OF WAVEFCRM PARAMETERS
ON ELECTROMAGNETIC COUPLING

J.PHILIP CASTILLO
AND
WILLIAM 5. KEHRER

F AND D ASS0OC,
P.O.BOX 9377
ALBUQUERQUE, NM 87119

This paper presents the results of investigations into the
dependence of the degree of slectromagnetic coupling to selected
canonical geometries on the incident waveform parameters.
Waveform parameters such as risetima, peak value, duration, carrier
frequency are evaluated for their contribution to the total coupling
to the canonical geometries. Simple geometries such as thin slots,
apertures, conducting lines, dipole antennas, and cavities are
addressed. A short discussion will be included regarding the
relevance of the now popular waveform norms with regard to the
effect of the coupled waveform characteristices on component
response. The norms which are addresssed include:

Peak Vaius

Rate of Rise
Impulss

Rectified Impulss
Hoot Action integral

&

&

&

Waveform characteristics which may tend tc optimize the
coupled response norms are also discussed.
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FREE FIELD AND DIRECT DRIVE
CABLE/WIRE REZPONSES

Dean 1. Lawry
Earl Harper

Weapons Laboratery
Kirtland AFB, NM B7117

Direct drive of electronic subsystems has been used extenaively to
evaluate subsystem hardness in the laboratory and to supplement Electromagnet-
ic Pulase {EMP)} free field simulater deficiencies toc meet threab conditions.
The direct drive technigues most often used consist of inductively drivimg the
input cables of a subsystem with a series of independent damped zine wave-
forms. When this approach is used in conjunction with the hardnesa verifica-
tion of & wempon uystem, the subasystems are normally driven insitm with power
on. The reaults of the direct drive responses are normally compsred with EMP
free field cable response measurements extrapolated to threat conditions. The
free Field and direct drive measurements and cowmpariscons are anormally limited
to bulk and not individual wire responses due to the large number of cables
and wirea involved. Comparison of a series of direct drive responses with a
free field response presents the asnalyat with a "apples” and "oranges” prob-
lem.

The B-iB test approach used scaler norms for comparing the direct drive
and extrapolated free field responses at the electronic subaystem or Line
feplaceable Unit {LBU) cable connector. OUther programs have uged peak re-
sponses only, energy within freguency bands, etc. to make pass-Tail safety
margin comparisons.

4 series of tests were conducted on the Electromegnetic Pulee Test Alr-
craft [EMPTAC) in the Weapons Laboratory’a TRESTLE and HPD free field siaula-
tors as well as using the Mobile Universal Direct Drive (MUDD) van. Various
cable current measurements consisting of over the shield bulk, under the
ahield bulk core, and wire responses for each individual wire within the cable
bundles were made. Comparisions of these responses were made uzing the B-1B
Norms, freguency domain overlays, and other techniques to detsrwine the ade-
quacy of damped sine direct drive techniques. Also evaluated were the bulk %o
wire ratios for the csbles tested,

62



MEANINGFUL SPECIFICATIONS
FOR
INDUCTIVE CURRENT DRIVERS

By
M. E. Gruchalls
EG&CG Energy Measurements
and
Gary D. Sower

EGEE Specisl Projects

2430 Alamo Avenue, SE

Albuguerque, N 87108
(545 263-2233

The inductive driver is a very versatile tool in dirvect-
drive testing applicstions. It provides a convenlient means of
directly injecting test currents into specific conductors without the
need te break the conductars under test., One critical parameter in
both the design and use of an inductiva driver ls the megnitude of
the current thet a specific driver is capable of delivering te the
tast conducter. Unfortunately, this paramever iz often difficult, if
not impossible, te devermine fyom the manufacturer’s
gpecificacions. The mawimum current that a2 driver is capable of
delivering is uwsually specified as an [Ixt] proeduect in terms of the
delivered cutput current. However this specification fs valid only
for singls specific load impedsnces, which may or may not bhe close to
the values encountersd in testing.

Driver specifications in terms of 2 specifie source
{mpedance and a specific load impedance can be used te eliminate some
of the ambiguity in driver specification, The behavior of the driver
with other values of gsource and load impedances, particularly if
thesa are complex {(reactive} paramerers, will then be significancly
different than specified., This paper derives the theoretical
performance of the inductive curvent driver in terms of the source
and load characteristies, as well az those of the driver. The [Ixt]
product iz then redsfined so as to incorporatz complex load
impedances, s few examples of which are presented.

This work was sponsored by BG&G for clarification of
specifications of existing commercilal products.
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DIRECT-DRIVE WAVEFORM
CONBIDERATIONS

Dean 1. Lawry
Willlam D. Prather
Claybormne D, Taylor

Weapons Laboratory
Kirtland AFB, New Mexico 87117

It is a commen practice 1o supplement a simulator test program with direct-
drive testing. Genaraily, the direct-drive lovels are based on either common
made currents that were measured in the simulation or on data that were
obstained from similar tast program, e.0. the approach of MIL-8TD-481/2. The
transient wavetorms gsnerally used are damped sinuscids with O factors near
20 where the fraguencies are varied to cover the EMP spectral bandwidth,
These wavseforms represent the open circuit voltages that are induced in the
cables through inductive or capacitive coupling. Drive levels are set by a
calibration procedure that uses a configuration such as a shorted loop or a loop
with a 100 Ohm load.

The argument that is used to support direct-drive testing is that the
expected response from EMP iluminalion is a linear combination of damped
sinuscids. Also it is argued thal any responses woubkd be bandwidth imited to a
narrow fraquency band so that a seguential coverage of the EMP spsctral
bandwidth would be adequate. This assumes that the spacing between the
frequencies selected for the damped sinusecid 1esting does not leave gaps in the
covarage, An algorithm is presented from choosing the direct-drive fraquencies
to ensure adequate spectral coverage coours.

Another issue of considerable importance is the frequency dependence of
the currents that are induced by the direci-drive technigue. Since the
impedance seen by the direct-drive coupler may differ considarably from the
calibration configuration, the induced current waveform may differ considerably
from ths damped sinuscid. Data that have been obiained by direct-drive testing
are used to axamine this effect. Both damped sinusoid and square pulse
wavelinrms are considersd.,  Time domain and frequency domain daia
comparisons are alse made for simulalor and direct-drive measurements,
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RISPG--A NEW TECHNIQUE FOR MEASURING UPSET
SUSCEPTIBILITY THRESHOLDS OF LARGE SYSTEMS

Lothar O, Hosft, Joseph §. Hofstra and Ronald J. Karasikdewez
BOM international, Ine.
1801 Randoiph Ad., 58
Albugquerque, NM, USA 87106
1505) 848-539¢

Upset tesling, the determination of the susceptibility of a system 1o mission
degrading non-permanent changss induced electrical transients , has been difficult to
perorm because existing simulators often cannot produce high encugh flalds so that
the system can be siressed (o the threat plus the desired hardness marging {6 to 26
dB). in addition, these simulators cannot produce use enough pulses during a iesl so
that a reasonable proportion of the possible states of a digitally controfied system can
be tested. Electromagnetically hardened systems must aiso be testad perindlcally in
order 1o ensure that adequate marging o upset are Delng maintalned, Thisis
parficularly true of environments such as fightning and the Nuclear Electromagnetic
Pulse, which ocour infrequentty. Whils laboratory measurements are useful, g system
ievel tost of the complets system inslalled and operating In the vehicle or facilly is
most dasirable since the response of the systern is to 4 large extent determined by the
interconnecting wirng. The waveform used o test the system should have an
ampliiude and rise/fall tmes that are recognized to be worst case for the system under
consideration. The ampiitude should be coniroliable so thal damage can be
mindrized if some of the hardening slements have been degraded. For digital
systems with many possible states, large numbers of pulses must be used 1o ensure
that the sugceptibility of all the states is tested.

A simple technigue has been doveloped o maet e goals cutlined in the
preceding paragraph, itls called the Random Repetitive Square Wava Pulge
Generator {RQSF’G} technigue and yses of a charge line puiser, with a risetims of &
few ng ang durations in the range of 10 to 100 ns, inductiealy coupted o the cable
system to stimulate the system. Since the cabling of most afroraft systems s compact
and the various pans are closely coupled to each other, the curent propagates
throughout the syslem. The drive is incressed until the current coupled to the system
cables reaches the desired value. The amplitude of the ouiput is easily controllabla,
as different from the chaftering relay, by varying the voltage on the charge tine. Peak
cable currents up to 16 A are easily oblalned. The resulting cable current is
approximated by a damped square wave. Thus both polarities are obtalned in one
pulse. The dnging frequency of the ranslent is related o the resonant frequency of
the cable system. Thus the pulser exclies the cable systemn similar to the way that the
cabie is excited by the EMP. The pulser produces transients randomly at the average
rate of 30 Hz, consequently, many thousands of svenis can be simulated and the
probability of testing aach state of the system approachas unity.

Upset tests, using the F2SPG technique, of 2 personal computer and 2 largs
digitally controfled communication systemn showed that upsets eccurred when the
cable currents ware in the range of several Amperes. In some cases, the upset
occurred near the end of a 4 minute run, suggesting that the system was only
susceplible to upset in a very small portion of ths possible states.

The controliable sutput, the wavaform, and the ability o produce cabls
currents up to 18 A with portable equipment make this puiser an ideal devics for
assessing upset hardnass marging and for periodic hardness survelliance
measuremants,
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COMPARISON OF REISPG WAVEFORMS WITH SIMULATED EMP
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BOM international, Ina.
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Witliam 2. Prather and Willlam B, Ayres
Weapons Laboratory (MNTAA)
Wirlland AFB, NM 87117
{50%) 844-0327

The Mandom Repetiive Square Wave Pulse Generator (RZ2SPG) was
develeped for "In-Silw” upset lesting of cable connecied equipment, This pulser uses
& charge line and and vacuum swilch o produce a broadband transient that
approximales a damped square wave with a rise time of he order of a few
nanoseconds and a ringing frequency in the range of tens of MHz. A random
repetition interval insured that the technicus lested yyinerahle states that only
occurrad repeiitively and could be missed if a constant repetition rate was used. An
average repetison rate of 30 Hz allowed thousands of pulses to be induced oato tha
system in a few minutes, thus insuring that almost all of the possible stales of a
digitally controlled system would be tested. The maximum output of this pulser was of
the order of 18 ip 20 A and was coniroliable. The AZSPG is hatlery operated, self-
contained , weighs 6.9 kg and is about 19 % 16.5 x 29 cm.

Concegtually, ihe REZSPG s an "alachonic hammer” that stimulates the system
under test using a broadband waveform that Is worst caze in both amplitude and
reetime. Sincs the waveform is a damped squarawave, it hag many harmonics al the
higher frequencies whose amplitude talls off as 1/ rather than 142 as ie the case for a
damped sine wava. Since it produces a broadband Wansient, the cable ynder test
shoutd be exclied a! its resonant fraquencies. Since currents 10 or 20 times thoss
axpectad from a HEMP can gasily be coupled 1o the cable syslem, hardness marging
can be quantilatively determined.

A question that is frequently ashked is "How doas the RESPd waveform
compars to the ransients Induced by EMP simulators?® In order to answer this
question, rmeasuremenis were made on three cables in the EMP Testbed Aircraft
(EMPTAL) using the Horizontally Polarized Dipels (HFPB} and Trestlo EMP simulators
as well as the RESPG and a damped sine wave praciuced by the MUDD van pulser.
The currenis were analyzed in both the ima and requency domains. The RZSPG
produced a greatar induced current, by a factor of 4 lo 60, than either of the EMP
simulators. Tha pulse widihs and the frequency content wers simifar for all of the test
points obialned with the RZSPG and EMP simulators and by careful sslection of the
charge and feed cables, could be made essenilally identical. This confirms the
assumption that the AZSPG exciled the cablo system at ks resonant fraquency. The
amplitudes of the FA25PG and ths damped sine wave from the MUDD van ware closer
te aach other in both the time and frequency domalns. The MUDD van was abla to
coupla mora energy 10 the cable whan the lowest carrler fraquencies (0.1 and 1 MHz)
wers used .
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EEFECT OF CHARGE, FEED AND TEST CABLE LENGTHS ON
RISPG WAVEFORMS
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The Random Repetitive Square Wave Puise Generator (RZ5PG)
was developed for "In-Situ” upset testing of cable connected equipment.
This pulser uses a charge line and a vacuum swilch o produce a
broadband transient that approximates a damped square wave with a rise
time of the order of a few nanoseconds, delermined by the impedance
discontinuities of the switch, and a ringing frequency that is related to the
electrical length of the charge and {eed lines.. Since the wavelormis &
damped squarewave, it has many harmonics at the higher frequancies
whose amplitude falls off as 1/f rather than 142 as is the cass for 2 damped
sine wave. Since It produces & broadband fransient, the cable undss tast
should be excited at its resonant fraquencies.

in order to better understand the relationships between the lengths of
the charge, foed and test cables, a controlied experiment was parformead
that varied each of these independently. Test configurations included
external charge lines 0 and 7 m long, fead or delivery lines 2 and 2.65 m
long and test cabies 1.5, 3, 6, and 12 m long. The test cabls was installed
above a conductive ground plane to which the ends wera alectrically
connected. The current waveforms were recorded and analyzed with a
digital data acquisition system.

The currents induced on the fest cable were consistent with a simpls
transmission line model.  The ringing frequency of the puiser, determinad
by the elactrical length of the charge and feed iines, was generally
discernable as was the resonant frequency of the test cable. Whan these
two frequencies were approximately squal, the induced currsnt was 3
maximuem. The peak amplitude of the transient and the decay rate of the
puige spectrum were unaffected by changes in the charge and jeed fnes.
The amplituds of the spectrum at the ringing frequency decreases slightly
with increasing charge line length.

Thess measurements confirmed that the R2SPG excites the test
cable at its rescnant frequencies. This excitation is very similar to external
field excitation, such as an EMP, In additlon, these measurements showed
that the RRSPG waveform could be tallored 1o a specific test need.
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PAWS 4000
A 320-kW POWER ARBITRARY WAVEFORM INJECTION AND

ILLUMINATION SYSTEM
Authors
Grégoire EUMURIAN Jacques CHAHBAZIAN
THOMSOM-CSF / DSE / DSSN PRANA R.D. 15 Locai Québer
BP 150/92223 BAGNEUX CEDEX/FRANCE 91945 LES ULIS CEDEX/FRANCE

Marcel BLANCHET et Fabrizio PAMPALONE
ETCA/CTME - %4114 ARCUERIL CEDEX/FRANCE

Standards, such as MIL-3TD-461 C, recommend injection tests using dampered sinuz waves for a given
mumber of frequenciea, '

However, sxperience has shown that testing with discretz frequencies does not always allow testing the
sysiem under worst case conditions (resonmance frequerncy).

In addition, the current value given by these standards, are ofien insdeguate for certain types of systems.
The proposed systerm not only allows reaching high level of power (320 kW), il also enables contrsl of the
signat waveform vwia digital synthesis.

The system iz based on 3 polse, distributed amplilicatdon which provides high power lsvels from a compact
design.

The systemn consisis of a high speed {300 M samples/s) signal synthesizer that allows generation of signais
up 10 100 MHz, 2 pulsed diswitbuied pre-amplifier, a pulsed disiribured amplifier, an injection clamp and 2
cuprmt sensor commnected w0 a digital messurernent chain for signal conuol.

The ayatem can operate either in open or closed loop (with 2 or 3 firings in order to obtuin the closest
approximation 1o the desired signal {figure 1).

Tests run in iHluminaton mode tse & standard BEMP wave {double exponential). This waveform is that of the
tndicent wave.

The interaction between the incident wave and the object under test produces a field of a significandy
diffevent shaps.

The clectronic equipment placed in the object under test ov in shielding is therefore submitted to fields
whose shapes are different from that of the incident field and often at & level of 20 dB or moze below that of
tha incident feld.

Emriprnenz ean be tested either by {Hhwninatng the chject with the incident wave {which provokes 2 specific
fizld nt the level of the equipment) or. for the first time, by use of & 320-8W generator to generate the desired
field directly in 8 small-size simulsior (figure 2).

A 221 m Crawford cell or 1-m sivipe-line yiekis Fields of 4 &¥'V/m with 2 given waveform thus groviding a
wompact and soonomic mesns of iesting.
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CAPABILITIES OF THE NAVAL AIR TESY CENTER'S
CURRENT INJECTION DIRECT DRIVE SYSTEM (CIDDS)

Mr. Freddie Smith Mr. Anthony Parking

Ktech Corporation BDM Management Service
Patuxant River, MD 20670 20 Coral Orive

(301} 863-7278 Lexington Park, MD 20653

(301) 882-4531

Mr. Samuel Frazigr
Mr. Rob Borland

NAVAIRTESTCEN/SYSB4
Patuxent River, MD 20670-5304
{301) 863-3868

ABSTRACT

The EMP Section of the NAVAL AIR TEST CENTER s upgrading s Dirsct Drive
System's capabilities. The new system (CIDDS) will have higher power and
greater bandwidth than the old system (TADDS). CIDDS will also be fully
automated as well as being mobile. This g in kseping with the
NAVAIRTESTCEN's RDT&E philosophy of utilizing proven technologias to
perform T&E on DoD systems. CIDDS is expecied to meat almost all powar
output levals required to satisfy safety margin testing of defense systerns.

This paper presents a detailed description of CIDDS and its performance

charactaristics. The CIDDS characteristics will also be compared to the TADDS
characteristics to illustrate improvement,
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Tools for cost effective simulation of i{ransient
electromagnetic disturbances

D. Hansen
ABB EMI-Control Center
Corporate Research
H-5405 Baden-Daettwil, Switzerland
Tal: +41/56-76 82 55

In electromagnetic effect engineering, after proper system analysis it is required to inject
currents into systems and iiluminate subsysiems with elecromagnetic fields. For EMP
estng of waing, two facilides were developed:

1. A previously described set of cutrent injecton generators (1 A to 80 kA, up to
100 ¥V, and frequencies acc.to Mil Swandard 461C) has been augmented by the
addition of a newly developed set of inductive couplers (short circult peak current
16 kA 7 120 ¥Hz and 1 kA / 6.25 MHz) for cable esting.

2. The GTEM-cell has been expanded in frequency range up to 18 GHz; preliminary
pulse feld data (52 ps rise me) will be shown. This facility can be used to generate
precise TEM-fizlds including high voltage condigions.

Theoretical caleulations and experimental results will be presented.
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REVIEW OF UNCLASSIFIED HEMP CALCULATIONS AND
ANALYTIC WAVEFORMS

By William A. Radasky
Maetatech Corporation
358 S. Fairview Ave., Suite E
Goleta, California 93117

During the 1380's several open publications and conference papers have been
published which inciude sarly-time (t < 1 ps} HEMP calculations produced with
unclassified weapon parameters. These studies have included source
parameters modeled by delta functions, decaying exponentials and triangular
pulses. Thess calculations clearly show that HEMP waveform peak values are
limiled by a saturation effect, and that EMP waveform shapes vasy with angle of
incidence from the burst along with other factors. This paper will review this
previous work in a coherent fashion.

A second aspect of recent HEMP work is the publication of several unclassified
analytic waveforms to be used principally for coupling anaiyses. Several of
these waveforms will be reviewed and discussed, especially in the context of
the recent unclassiiied HEMP calculations.
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Afrcraft EMP Standards

Wiiliam D. Prather
Weapons Laboratory
Kirtland AFB NM

In 1982, under the direction of the Assistant to the
Secretary of Defense for Atomic Enasrgy, the Air Force was
given the job of developing EMP standards for airborne
systems for all of the services. The  primary
responsibility for these standards was assigned to
Aeronautical Systems Division {ASDY, and the Weapons
Laboratory was directed to provide technical support.

Thus far in the Air Force Specifications and
Standards Program, threes documents have emerged. One is
AFR-BO-38 which defines the program reguirements for the
acquisition and deployment of EMP-hardened aircraft. The
other two are the MIL-STD-461C Notice 2 and MIL-570-4862
Notice 6 which standardize the procurement requirements
and tests for electronic equipment.

At the present time, the Air Force s completing
a Military Standard which defines the system-level
requirements for aircraft. This standard, which s being
drafted by ASD and the WL, will be a replacement document
for MIL-E-8051D. It is an overall slectromagnetic
protection requirements document for use in aircraft
procurements, apd it contains reauirements for EMP  along
with EMI, EMC, Lightning, RF Hazards and other EM
phenomena. To accompany this requiremenis document, the
WL is also preparing a series of Miiitary Handbocks. The
first will be a Design Guideline for EMP  hardening of
aircraft. The second will contain dinstructions on
verification, gualification tests and hardnass
surveiltance methods for aircraft as well as guidance on
the preparation of EMP hardening specifications.
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Role of Standards and Specifications in EMP Hardness
Verification and Surveillance

W. 5. Kehrer and W. 0. Prather

The Dob is actively developing HEMP standards and specifications. Some
specifications such as the HEMP environment requirernents have existed for some time.
However these specifications require the system designer tc make many assumptions in
order to generate engineering design specifications for system hardening. The Weapons
Laboratory is developing a number of system and subsystem leve{ test techniques which
enable hardening performance to be described in terms of measurable engineering
quantities. This paper describes several of these test methods and illustrates their

application to HEMP hardness verification and surveillance.
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A REVIEW OF METHODS FOR ACCEPTANCE TESTING
OF
ELECTROMAGNETIC SHIELDING ENCLOSURES

Alfred L. Sharp and John D. Frisble
WL/NT, Kirtland AFB, NM

Recent improvements in hardware, operational procedures and an
improved understanding of governing electromagnetlic processes used
for evaluation of the integrity of shielded enclosures have
provided a need for review of current acceptance standards and the
identification of possible additions or improvements that shouid
be made in order for all such enclosures to be accepted using the
same procedures. Examples of standards that present a significant
contrast in scope and currency, come toc mind immediately, the Mil-
Std-285 (Attenuation Measurements for Enclosures, Electromagnetic
Shielding, for Electronic Test Purposes, Method Of}, and the new
Mil-Std-188-125 (HEMP Protection for Ground Based C'I Facilities
Performing Critical Time Urgent Missions). These standards could
perhaps bhe combined if the proper thread of commonallity was
emphasized. The purpose of this paper is to review methods and
techniques set forth in these standards and pose additional
considerations that could improve the general use of standardizec
acceptance methods, and perhaps bring the standard acceptance
procedures for wmobile command posts, buried command posts, and
surface and flying systems, with electromagnetic shielding
requirements, closer to a common acceptance standard.
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Another Look at the Beginnings of High-Altitude EMP

Charles N, Vittitpe, Division 9352
Sandiz National Laboratories
PO Box SBOO
Albuguergue, NM 87185

For preseniaiion af the 1990 NEM EMP Meeting
University of MNew Mexice
21-2% May, 1958

We review folkiore associated with high-altitude EMP. Standard
references give the basic history.t-¢ These reviews lead to much balanced,
valid information. Highlights include Enrico Fermi's 1945 prediction of
electrical signals from the Trinity burst, Richard Garvin's 1954 use of EMP
for diagnostic information, Bethe's 1957 predictions for high-altitude EMP,
Wesley's 1958 predictions for high-altitude EMP, and the climax realized
with the Karzas and Latter and the Longmire works in 1964,

One neglected highlight is proposed: credit to C. H. Papas for his 1951
suggestion that the Compton effect provided the basic driver for EMP
production. Support will be furnished for this credit.

Closer examination of the folkiore leads te data that have been shadowed,
neglected, and even exaggerated. Shadowed data include those taken by
experimentalists in August 1958 showing the large signals and the east-west
asymmetry in the EMP generated by the Teak and Orange high-altitude
bursts. These data remained in the shadows until after the 1962 test series,
where they could have been useful. New illumination of neglected Hawaitan
streetlight data allowed those data to be understood® Some exaggeration is
both needed and justified, such as that necessary to generalize a worst-case
threat, but other exaggeration is neither needed nor accurate. For example,
the TV {ilm, "The Day After” exaggerated the EMP effects, where not one
automobile or truck would operate and no electrical power or telephone
system survived. Rather than a eonceried effort to substitute reason for the

istortions generated by exaggeration, some attention ought to be directed
toward shedding light on shadowed and neglected features of past problems.
Several possibilities will be noted.

LK. S. H. Lee, Editor, EMP Interaction: Principles, Techniques, and
Reference Data, Hemisphere Publishing Corporation, New York, 1986.

2C. L. Longmire, On the Electromagnetic Pulse Produced by Nuclear
Explosions, IEEE Trans on Antennas and Propagation, AP-26, No.l,
January, 1978, p3.

3C, L. Longmire, Early Time EMP from High-Adtitude Nuclear Explosions,
Mission Research Corporation Report DNA-TR-84-175, 1 December, 1983.
W, A, Radasky, W. J. Karzas, C. W. Jones, and G. K. Schlegel, High-
Altitude Electromagnetic Pulse « Theory and Caleulations, DNA-TR-88-123,
Gciober 1988,

5C, M. Vittitoe, Did High-Altitude EMP Cause the Hawaiian Streetlight
Incident?, SANIDES-3341, Aprl 1989,

SANDSS-2311A
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DEVELOPMENT OF MIL-3TD-188-125
MILITARY STANDARD

HIGH~ALTITUDE ELECTROMAGNETIC PULSE ({HEMP) PROTECTION FOR GROUND-
BASED (31 FACILITIES PERFORMING CRITICAL TIME-URGENT MIZSIONS

Praesented by Hugh H. Pchie,
Weapons Laboratory/WTCAC (Air Force Systens Command)
for the MIL~STD-188-12% working group

The Assistant Secretary of Defenze for Atomic Energy directed that
standards be developed for EMP envirenments and for the hardening
of systems. The first result of this program was MIL-STD-2169, which
specifies the HEMP environment. MIL-STD-188-125, which is now 1n the
formal coordinatioen cycle, will be the next to appear.

MTL~=$TD=188-125 sets fourth the nminimum requirements for "low risk”
protection of ground based C31 facilities¥*, from the MIL-5TD-2169
anvironment. The requirements are stringent in order to aveid both
damage and upsets. The standard's use is mandatory only for a select
set of C3T facilities that perform time-critical missicns. The basic
regquirements are:

1. Enclese all possible mission essentlal egquipment within a

high quality EM shisld (nominal 1004B).

2. Minimize the number of penetrations, fiber optics required.

1. Protect all remalning penetrations.

4. Flectrical penetration protection devices outputs must be
below specified lLimits when driven by specified current wave-
forms. Limits are stated in terms of four norm parameters.

5. Additional measures specified for special cases.

The standard also addresses testing. An acceptance test of the shiel
and all penetrations, upon completion of facility constructien, is
raquired. A second "verification” test of the shield and all penetra
tions is required after the facility becomes operational. During thi
test all electrical penetrations must be driven while in operation, t
detarmine if the system suffers damage or upset. MIL-S5TD-188-125
includes three appendices that detall HEMP unigue tast procedures.
Appendix A describkes a shielding effactiveness test after MIL-STD-28%
Appendix B describes the pulsed current injectlion test.

Appendix C describes a shielding effectiveness test using the
continuous wave immersion technique. It is intended that these proce
dures will ultimately be put fourth as separate standards.

* The standard thus far covers only fixed facilities. Work on a
sacond volume, covering transportable systems, is just beginning.
In addition MIL-HB-421, to assist users in the implementation
of MIL-S5TD-188~125, i3 currently in preparaticn.
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EMP ACTIVITIES IN FRANCE : AN OVERVIZW

D. SERAFIN
CENTRE D'ETUDES DE GRAMAT

Ministry of Defense

This presentaticn will be an instant photography of the EMP
activities in France from az technical standpoint ; the discussien will

be limitszd to the unclassified arsa,

In the recent years, a full set of numerical computation
tachniques has been developped to zanalyse and to gquantify the effects
of an EMP on the systems of interest ; few of them will be presentead
together with some examples of calculation. An important effort has
been achieved in the simulation saetor to develop the ability to
analyse the coupling and validars the hardering technigues. The panoply
of the most important simulavors will be shown and their performancas

avaluated [(HPL, SSR, SIEM, ...).
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ELECTROMAGNETIC PULSES AND HUMAN HEALTH

Arthur Willlam Guy, Dirsctor and Professor
Bioelectromagnetics Research Labovatory
Center for Bloenginesring

College of Engineering, School of Medicine
University of Washington

Seattle, Washington 981935, USA

An analysis based cun distributed body impedance measurements
and the Lawrence Livermore Natlomal Labovatory (LLHL) NEC method
of moments indicate that the maximum induced current im humans
exposed to a typlecal 10 nancsecond rise time Electryomagnetic
Pulse (EMP) is approximately 5 amperas per 1 kiloveli per meter
electric field gstrength.

New results and measurements indicate dependsnce on the size

of the body exposed to EMP. One cannof form a one te one comparison
betwaen currents induced in, 1.2., rate, and humang.
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RADAR TARGET DISCRIMINATION USIRG TRANSIENT EM PULSES

K. M. Chen, D. P. Nygquist and E. J. Rothwell
Department of Elect. Engr.. Mich. State Univ. E. Lansing, ML 48824
€. E. Baum, Air Force Weapons Lab., Kirtland AFB, M 87117
M. A. Morgan, Naval Postgraduate School, Monterey, CA 93943

Interaction of a transieut EM wave with a conducting object has
been studied by many researchers for some time. The Singularity
Expansion Method (SEM} [1] has provided a theoretical tool for these
studies. One motivation for these studies {s the utilization of
transient EM waves for the purpose of digscriminating and identifying
radar targets.

A new radar target discrimination scheme based on the natural
regonant frequencies of the target has been developed recently.
This scheme conaists of synthesizing aspect—independent discriminant
sfgnals, called E-pulses, S-pulses and K-pulses etec., for the target
{2]. These pulses are used to annihilate or extract natural
resonant modes from the late-time transient responge of the target.
When the disceriminant signale of & target are ceoovolved numerically
with the late-time pulse respouse of the target, the convolved
outputs will be zero or a single-mode waveform. 1If the discriminant
signals for an expected target are convolved with the pulse vesponae
from a different target, the convolved outputs will be significantly
different from the expected zero or single-mode waveform. Thug, the
differing targets can be diseriminated.

A sound theoretical understanding of the E/S-pulse [3] or E-
pulse schemes {&] has been achieved. The scheme has alsc been
tested in time-domain scattering ranges using scale models of
various aircrafr [2,3]. The exparviments have verified the aspect-
independence as well as the noise-~insensitivity of the scheme.

Future needs for this research program include (1} a source for
generating high power EM pulses of about 180 ns duration, and {3} a
directive antenna system for radiating and receiving short EM
pulses. TFor the latter need, an antenna array of impedance loaded
dipoles or an EM missile launcher will be Iinvestigated.

{1] C. E. Baum, Transient EM Fields, L. B. Felson, Ed., Springevr—
Verlag, 1976.

[2] K. M. Chen, et al., IEEE Trans. APS, July, 1986,

{3] E. J. Rothwell, et al., IEEE Trans. APS, April, 1987.

{47 M. A. HMorgan, Journal of EM Waves and Appl., 1988.
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Pulsed Sources of High Power Microwaves:
The State of the Art

Johin A, Swegle, Lawrence Livermore National Laboratory
PO Box 80B, Livermore, TA 34550

The applicaiion of modern devslopments in pulsed power
tenhnology to the generation of microwaves has had a revoluticnary
impact on ouwiput power capabiliies. A world record jevel of 15 GW at
8.4 GHz has heen ssiahiished, and gigawalt powsr levels have been
recorded for frequencies ranging from below 1 GHz to 50 GHz. in these
intense pulses, energies of 500 J have been produced in a single pulse,

The first part of the talk will be devoted to an overview of the
variety of sources that have been used in the pulsed generation of high
powsr microwaves. These include relativistic-beam versions of well-
kriown sources such ag the magnetron, kiystron, and backward-wave
oscillator/traveling wave tubse, plus more recent entrants 10 the field like
the gyrotron, virtual cathode oscillator, and free slectron laser. Some of
the outstanding achievments in peak power and energy production will
be reviewed, and the most likely frequency ranges of application fur the
various devices will be discussed, Particular attention will be devoted to
the Soviet multiwave devices that have produced gigawstt power levels
aver a wide range of frequencies. Developments in the research areas
of pulsellengthening at high power levels, repetitive operation, and
mutually coherent generation in multiple sources will be reviewed.
Finally, some opinions on the future directions in the field wilt be offered.
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CW Test Technlque —— a Freferable Method for Assessing the
Electromagnetic Vulnerabiilty In Large Telscommunication
Faciliiles.

Torbjdrn Karlssen, Sven Garmland Lars lvar Sundberg

and Orjan Borgsfak

EMTECH, Swedish Telecom

P.0.Box 5056, P.O.Box 4548

580 05 Linkdping, 203 20 Maimd

SWEDEN SWEDEN
Abstrach,

Testing and hardening verification s an impotant phase in the procedurs of
protacting electronic systems against slectramagnetic interfarence. In many
cases the slectromagnetic threat is considersd 10 be of transient character like
EMP and sabotage pulses as well as lightning currents, switching
overvoltages and electrostatic dischargss, which naturally leads to the use of
pulse testing. The CW {asting technigue constiivies an aliermative method
which in certain cases provides some incontrovertible advantages in the
possibility of carrying out tests under normal system operation as well as a
simpler antenna construction and no need for gxpensive pulss generators.

in the initial phase of an exiensive Swedish Telecom EMP susceptibility tast
program & number of large fived instaliations have been tasted by means of
CW test techniques. The used techniqus implies both amplitude and phase
measurements and the acuuired data have been possible to sxtrapolate (o the
time domain with an arbitrary threat.

The measurement program includes both feld illumination and current
injection. The CW technique which does not interfers with systems in
operation has proven (o be very effective for datermination of EMP interaction
in telecommunication faciiities.

A number of iiflumination antennas have been developad for the test seriss.
For antenna evaluation sxtrapolated CW data have been compared fo
transient EMP simulator responss. The comparisons demonstrated a very
gocd agreement between CW and pulse tests.

This paper describes the idsas of the test program as well as the advantages
and disadvantages of the CW test technigue as opposed to traditional pulse
testing. Furthermore, it will be presented the experience gained from CW tasts
carried cut on a tslephone exchange station, & radio/TVY broadcasting station
and a computer centre,



USING DOCKSIDE CW TESTING FOR SHIP EMP
HARDENING AND PARDNESS ASSESSMENT

By
Pavrick Q. Lindsey

EG&G Special Projects

2450 Alame Avenus, SE

Albuquergue, W1 87106
(505} 243-2233

CW testing can ba a valuable toecl for ship hardening and
hardness assessment, Inexpensive, portable CW measurement systems
can be sst up at dockside or aboard ship to provide ongolng hardness
assessment and diagnostics during censtruction, medification and
ovarhaul, Sinece CW testing ls a low-lavel, non-hazardous technique,
no special employes or ordmance precautlons ave vequired.

The Naval Surface Warfare Center has developed test
techniques, antennas and mezsurement systems for deing such
testing., The Defense Nuclear Agency ia presently using similar
techniques for EMP hardness assessment of ground-launched cruise
missiles. An overvisw of the test tecbniques, antennas and
meaguremant systems used by both these agencies will be presented,
with emphasis on applicabilicy to ship testing.

This work sponsored by Naval Sea Systems Command, Washingrton
DC 20362
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Onboard LLCW Hlumdnator for Naval Ships
Neal Stetson
MNaval Surface Wartare Center
10301 New Hampshire Ave
Silver Spring, MD 20903-5000
Stan Kokorowski
Kamarn Sciences Corp.
Dikewood Div.
2800 - 28th S, Suite 370
Santa Monica, CA 90405

A single wire antenna has been designed and tested which will
enable the use of LLCW techniques onboard Navy ships for EMP ra-
sponse prediction and an HM/MS program. The new antanna has been
constructed and installed on the mast modsi at the NSWC EMPRESS
site in Solomons, MD. The antenna response and a comparison to data
faken during pravious tests responss and a comparison to data taken
during previous tests of the mast will be presented. Methods for installa-
tion and use in overall assessmente of large shislded structures wili be
discussed.
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EXCH ?ATION @F MRGRAW FOR HAHQNESS SURVEELLANCE

L. 0. Hosft and J. 5. Holstra
2OM iInternational, Inc.
1801 Randolph Ad, SE
Albuguerque, NM 87108

(E05)B48-5399

Wiilllam D, Prather
Weapons Laboratory (NTAA)
Kirtland Air Force Bass, NM 87117
{505) B44-0327

Excitation of aircraft by driving the intersection of the
fuselage and the wing at the aircraft's resonant frequency has been
shown to be ussful for hardness surveillance measurements.  This
technigue for electromagnetically exciting aircraft produces
surface magnetic and eieciric field distributions that are similar
1o those that result from exposurs o plane waves. This excitation
technigue has been simplified by driving the aircraft's HF antenna.
Surface magnetic fields in the rangs of 1 1o 10 mA/m were easily
produced.  In addition to exiling the fundamental resonances, the
responss in the freguency range from 10 to 100 MHz was relatively
uniform.  This allowed some of the aperture hardening features to
be evaluated al the aperturas resonant frequency.

Apertures, such as window scraens and gasketed doors were
characterized by measwring the ratio of the magnetic field on the
surface of the aircraft to the magnetic field a prescribed distance
from the inside surface of the aperturs using a muli-turn loop
sensor and a battery operated fisid strength meter. These
measurements were consistent with both theory.and other
measurements of the same hardening elements.

This method offers convenience and flexibility. The
necessary squipment is small, poriable, and readily oblainable
commercially.  Thus, it is a meaningful hardness surveillance tool
capable of quickly characterizing an aircrafl's shislding slements
to within a factor of two {8 dB), and determining where the most
significant "hot spots" are,
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EVALUATION OF FRENCH C.W TEST

GEORGE BECHTOLD, DUNG LE
NSWC, Silver Springs, M 20003
VERNON PECKHAM
Kaman Scisnces, Colorade Springs, GO 80907

ABBIRAGYT
During the E-8A TACAMO Production Aceptance Test (PAT) No. §
of airgraft TOZ58. A French CW System test was conducted

on 26 October 1988 . It utilized a measuremant system designed as
the HM/HS tsster manufactured by Les Cables de Lyon, France.

The French C.W system measures aircraft shielding in two modas-
global and local,

-ln the global mode: the entire aircraft ie ilfuminated axternally
by a transmitter and antenna radiating a single continuous frequency
wave of approximately 80 MHz. The receiver, current probes and E-field
antennas were used (o measure the signal level at selscted locations
on the inside of aircraft. Field levels inside were approximately 60 dB
below the reference value of the external fisld at the tip of the aircraft.
When the forward lower lobe accsss door was openad, the cockpit field
increased by 14 dB. 11 of 25 test points exhibted signal level 6 4B above
raferaence. :

-In the local mode: the extenal transmitter drives a skin current probe
which is placed in close proximity to an aperture such as the persannet
entry. During the tes! the transmifter drives skin current at 2 MHz onto
the extericr of the aircraft in the vicinity of the lower lobe daor. The leak
age through the door is measured using the E-field proba. The attenuation
measurements with door close averaged 25 dB. Introducing a deliberate
degradation in the lower lobe door reduced the attenusation by 6 dB.

To incorporate the FRENCH C.W system into flest Phass Maintenance
Procedures it is necessary to eliminate the use of break-out boxes with
their time consuming installation time. The C.W test would be then be
conducted by measurering over the shislds of the 25 selected cables.
Also the amount of allowabls degradation (dB) before maintenance action
is preliminarily performed is not easily established , but it can be
initially set at 20dB. Also, the receiver batterry has a short life, but AC
or DC power of the aircraft can be used to supply receiver power,

The French CW system is a viable alternate ta raplace or supplement
existing HM/HS techniques. The mathod is potentially cost and time
effective option for an EMP test program.
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OMN AT RCRATT EBEXTERMNAL,
RESPONSES DRIVEN FROM BN
OMN—BOARIY HFEF ANTENINS

J. Patrick Donohoe
Clayborne D. Taylor

Mississippi State University
Mississippl State, MS 39762

William D. Prather
Weapons Laboratory
Kirtland AFB, NM B7117

The first problem in the development of a program
for monitoring the electromagnetic shielding of military
systems is the selection of an appropriate test
procedure. This diagnostic testing can  be best
accomplished by the global illumination of the shielded
conflguration. It has been proposed that for a hull-
hardened aircraft the illumination can be developed by
driving the HF antennas.

Typical locations for the HF probe antennas are the
vertical stabilizer and the wing tips. The illumination
of an alrcraft from these antennas is examined
theoretically by considering a Boeing 707 aircraft. The
surface current and charge densities are obtained
nunerically from the body of revolution aircraft model.
Shadowing effects are also considered.

The effectiveness of the HF antenna illumination is
avaluated by comparing the SEM modal excitation as well
as the resulting surface current and charge with that
ocourring under plane wave illumination. The radiated
field from the HF probes is obtained by assuming a
sinusoidal current on the probe with a unit current
source.

It is shown that the HF antenna drive provides
adequate illumination for the resonant frequency regime
of *the aircraft. Preblems with using this appreach to
nmonitor tha shield performance are identified.
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Hardness Surveillance for Msasuring System Hardenlng Degradations

W. R. Ayres
Weapons Laboratory - NTAAT
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W. 3. Kehrer
R and D Associates
B.Q. Box 8377
Albuguerque, NM 87119

O.P. Mclemere
Kaman Sciencss Corp
84060 Uptown Bivd NE

Albuquertiue, NM 87110

The use of surveillance testing in modern military weapons system is Justified for rany
teasons, Although one common argument for using a surveillance tasting program is to detact
any changes in the “as defiverad” or specified state of hardening of the system, many other
surveillance testing objectives would exist in a comprahensive maintenance/surveiliance
program. Since most current miliiary systems have reguiar upgrades for cormponant sub systems,
testing to insure proper instaliation of the new equipment so that hardening is not compromised
wouyld be one exampie. Another example would be to check the condition of hardening elements
after & specific preventative maintenance action, i.e. the irtegrity of cable shields after interface
cable replacemants.

in order to use & surveillancs lesting method to detect actual hardening degradations on a
systern, it must be dermonsirated that this test techniqus produces resulis which can be reiated to
comparable measurements obiained in a threat lavel simutator. Without this correlation, it is
difficult to justify that the change in measured lest results signifies an impornant change in the
hardening of a system. Free lield CW techniques are currently being invastigated for their
applicability ¢ this problem for measuring changes in stress reduction. Arbitrary wavefarm
generators and square wave generalors have been proposed as test squipment which would
provide comparable rmeasunas charactarizing changes in system strangth. Regardless of the
surveillance techniques adopled, an sudit trail must be developed which estabiishes this fink
between he resulis of the thieat level testing which established the initlat hardness of the gysiem
and the results of the surveillancs test.

Strategiss for using FFCW techniques to detect impartant or significant hardening
degradations will be discussed using EMPTAC data abtained both in high levet pulse and the HSI
frae field simutators. Techniques using degraded and baseline data in both typas of simuiators
wili be prasented to iflustrate a candidate method for detecting significant hardening
degradations. Simple bounding measures of frequency domain data will be used whenaver
possible io detect degradations, erforcing comparable bandwidin imiations on the pulse and
CW data. The role of ermor quantification will be discussed in establishing the limits of acceptable
deviation for surveillance testing results.
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USING THE SINGLE POINT EXCITATION TECHMIQUE TO
MEASURE APERTURE IMPEDANCE OVER A BROAD FREQUENCY
RANGE

L. O. Hoeft and J. 5. Holsira
BOM international, Inc.
1801 Randolph Rd., SE

Albugquerque, NM 87106
(505) B48-5389

William D. Prather
Weapons Laboratory (NTAA)
Kirtland Air Force Base, NM 87117
{505) 844-0327

Single Point Excitation for Hardness Surveiliance (SPEHS) techniquas
have been used to produce surface fields over a broad frequency range
(essentially 1 to 100 MHz}. Thase fields were used {0 measure the aperture
impedance of hardensd and degraded windows and doors of the EMPTAC.
Two kinds of aperture impedance can be defined. Analogous aperture
impadance (sometimes called simply aperture impedance) is defined as the
voltage across the aperture, in the direction of current flow, divided by the
curreni intercepted by the aperiure {surface magnetic field times apenure
width}. Specific aperture impedance is defined as the voltage across the
aperturs divided by the short circuit magnetic field on the surface of the
apefture. Measurements were made using wing root {normal SPEHS) as wall
as antenna excitation. Values of aperture impedance were comparable to, but
did not exactly maich, those measured using the aperture tester technique.
This technique has great potential because it could facililate shielding and
conductive penatration measurements when the aircraft is pressurized andfor
in flight.
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STRUCTURED PLANNING AND TESTING
AT
NAVAL AIR TEST CENTER
EMP FACILITIES

Mr. Ronald Witliams Mr. Sam Frazier
Mr. William Cordova

BDM internadonal, Inc. Naval Air Test Center/SY84
180} Randolph Rd., SE Patuxent River, MD 20670-5304
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ABSTRACT

The Dol has required all military services through Dol Directive 4245.4 " Acquisition of
Nuclear Survivable Systems” to address survivability to nuclear environments in development,
ransition and maintenance of military systems. The Navy has adopted this directive and issved
JPNAV Instruction 3401.3A "Nuclear Survivability of Navy and Marine Corps Systems” as the
equirement for Navy systems.

This requirement directs program managers to develop requirements for new systems and
fefine requirements for updates and changes to existing systems. Degrees of hardness for existing
ystems which are critical DolD assess must also be defined. To support the program managers in
heir Nuclear Electromagnetic Pulse (NEMP) bardening and survivability improvement prograrms,
fAVAIRTESTCEN has developed a capability at the Naval Air Station (NAS) Patuxent River for
ssting Navy and other DoD systems.

This paper summarizes the capabilities at NAVAIRTESTCEN and the requirements for
onducting testing at the facilities. Since the west philosophy at NAVAIRTESTCEN is "Test and
ivaluation” a very structured test program can be conducied at relatively low costs. The paper
resents the structured approach to be used as well as the flexibilities the user can call upon, The
ser of the NAVAIRTESTCEN facilities can determine the approach for his program and
IAVAIRTESTCEN can support him as required.
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A TRANSPORTABLE, FOUR-CHANNEL
EMP DATA ACQUISITION SYSTEM

Mr. John Estes
My, Brad Spalding

BDM International, Inc,
1801 Randoiph Rd., SE
Albuquerque, NM 87106

ABSTRACT

In Electromagnetic Pulse (EMP) testing, daa acquisition systems tend to be very large and
immobile. Although powerful in terms of data acquisition and processing flexibility, they often
cannot be used effectively under conditions which require much mobility. They also are often
difficult to use in sitwations where only a small amount of data is to be gathered, or where time is
limited. It would be desirable to have available for such simadons a small, ransportable data
acquisition sysiem which would be simple to operate and move around. For a program 1o acquire
high-altitude EMP data, BDM International developed a ransportable four channel data acquisition
system for use in a helicopter.

This paper provides a description of the system and its components, the software
deveioped for the system, examples of EMP data acquired, and some of the other expected
applications of such a system.

The overall system, including the field sensor package, had to be designed to meet the
weight fimitations imposed by the helicopter lift resirictions. The system consists of & pair of two-
channel digitizing oscilloscopes, four remotely controlied fiber optic links, a PC-AT compatible
taptop computer, a DC-to-AC inverter to supply power, and a rack to mount the equipment. The
software was developed at BDM Intemational on a desktop mockup of the system. The system
was assembled and tested at an EMP facility at Kirtland AFB. Final changes were made to the
systern to make it more flexible and eliminate any bugs which remained, at BDM prior to the high-
altitude Aeld mapping effort. The system was then used to collect data in a helicopter at another
EMP site.
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RAPIY SURVEY INSTRUMENT (RSI)
A Portable Data Acquisition System

J. Cafferky, J. Eberly, G. Kahn, T. Cantrell

EG&G Special Projects

2&£50 Alamo Avenue, SE

Albuquerque, NM 87106
(505) 263-2231

Historicailly, EMP testing zctiviries have sought to
characterize tha hardness of & tactical system by acquisition and
anzlysis of response waveform data. This was accomplished by
repeated exposure to a simulated EMP envirenment while recording the
waveform data for further analysis using complesx data acquisicion and
processing systews. Both inivial characterization and hardness
maintenance are supported with this testing methodelegy. Access to
peak response data at a test peint reduces the cost of initial
characterization by allowing planned measursments to be pre-
screened. Havdness meaintenance would be simplified by providing low
cost empirical comparisons to previously made measurements witchout
the use of 2 complex data scquizition and processing systems.

A Portable, hattery powered, data acquisivi{on ifpstrument has
been developed for vapldly conducting peak data surveys at specified
test polnts on a test arvicle. This Rapld Survey Instrument {(RSI)
has & dynamic rangs greater tham 60 dB, a hand-pass From 10 kHz to
160 MHz, and ig approxlmately the aize of a shos box. The RSI is
daesigned to record peak levels for up to 1000 measurements and
display the data in the desirved sngineering units. An instrumenta-
tion and test point databese regides im the RSI (non-volatiley,
allowing it to make the necesszavry conversions and support almost any
external instrumentation cenfiguration. The RSI contalns an optical
{serial) interface which can be used te communicare with a PC or
hand-held terminal. A custom software program is available for an
184 compatible PC, providing remote control functions and a variety
of dats manipulation wtilicies., The scurce databsss can be created
on the PC or downloaded from a separate vest databaze and includes
such information as rest point ldenti{fisrs, experiment wumbars,
instrument conversion factors, and pesk dsta from previous
measurements. Acquired peak data can be compared to previocus
peasurements or specified thresholds in the RSI, in che PC, or
uploaded back te the hose and merged into the ariginal database.

The operational capabilities of the Instrument will be
described in detatl. Results from laboratory measursments will be
shown providing comparisons between waveforme seguired with high
speed digicizers and data taken with the RSI. Discussions will be
pregented on the use of the RSI for prescreening tesc points and for
the performance of hardness maintenance tegting.

This wark spensored by Navsal Saa $ystems Command Washington,
DC 20382,
G



EMPRESS II SOFTWARE UPGRADES

By
Patrick Q. Lindsey
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EMPRESS LI and the firsv EMPRESS II DAAPS was first employed
as a system on the MOHAWK test in 1988. This test revealed a number
of problems, some of which involvad the DAAPS software. The concept
of operations has evolved to raquire several changes as we learn how
best to support EMP testing at sea. Many of tha problems involved
user training, and there were a few bugs which simply refused to
prasent chemselves until wa reached the final acceptance test phass.

The upgrades include improvements in the user interface:
tracking, reporting and diagnostics; incressed functiomality; added
features to support emergent user needs; and those which generally
supported veduced system loading and higher system performance.

Among the more significant topics to be discussed are: an
improved user incerface menu; a "quick-planning” mode for ad hoc
measurements; a comprehensive diagnostles report; simplified
ingtrumentation and measursment description; expanded data file
headers and documentations; and added data analysis EFunctions.

This work spensored by Waval Sea Systems Command, Washingron
DC 2G362.
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EMPRESS II/DAAPS STATUS AND SHIP TEST LESSONS LEARNED

By
Phil Johnson

EG&G Special Projects

2450 Alamo Avenue, SE

Albuguerque, N¥{ 87106
(505) 243-2233

The first ship test using the IMPRESS II EMP test facilicy
wag successfully completed in August, 198%. This test employed the
EMPRESS IT and the first (of three) Data Acquisition and Processing
Systems {DAAPS) to zccomplish pulsar veri{fication (including
resciution of problems in achieving full rated output experienced in
1988 acceptance tests), DAAPS AT&R and evaluation of the hardening
measures implemented on the USHNS MOHAWK, T-ATF 170. The MOHAWK has
been hardened to serve as the towing platform for EMPRESS II for ship
tests beginning in 19%0.

This paper will report accomplishments and "lessons learned”
on the MOHAWK test, and will summarize chariges made in response to
our test experience and the current status of ths DAAPS. By tha time
NEM i{s held. all DAAPS will have completed acceptance except for two
days at sea on the USS DEYD, a SPRUANCE class destroyer, now
scheduled for July,

This work sponsored by Navsl Sea Systems Command,
Washington, DC 20362
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ABSTRACT

The Maval Ajr Test Center {HAVAIRTESTCEM) has mplemenied
significant upgrades to their [MP and Lighining testing faciliities.
The ~ testing facilities at  HAVAIRTESTCER  include  the  TACAMO
Electromagnetic Pulse Simulator {TES), the Haval Alfrcraft Yeriical
Electromagnetic Pulse Simuiator (MAYES), and & Lightning Simulator.
The upgrades to these facilities include the addition of a state-of-
the-art EM instrumentation Suite that {s capable of acquiring data in
greater quantities and processing the results much faster than
previously possible. The HAVAIRTESTCEN has aiso improved thelr direct-
drive testing capabilities using state-of-the-art test equipment and
techniques.

The two major EHM Instrumentation Suile componenis are the TES
Data Acquisition and Processing System {(TES DAPS), and the Portable
Bata Acguisition System {PDAS). The TES DAPS 45 used for acquiring and
processing time domain EMP responses of test objects that are tested In
the TES DAPS and NAVES EMP simuiatoers. The data is acaoulired using 18
channeis of computer-controlied fiher-optic links and digitizers. The
data 1s processed on a MicroVaX Il based computer system., The TES DAPS
uses a relational data base to set up and store relevant test object
and instrumentation data for egach tesi. This data base provides for
standardized test planning and test reporiing which enhances test
efficiency. The PDAS 13 used for acouiring data from test objects im
the Lightning simulator. This data 1s downloaded to the TES DAPS
System for full data processing.

This presentation provides information abouil the NAVAIRTESTCEN's
testing capabititles with focus on recent epchancements fo  these
facitities. Insight inte the EM Instrumentation Suite {TES DAPS.
Lightning BDAPS, and Direct-Orive) testing capabilities such as
automated and standardized test pienning features, itest setup
varification, near-real time data processing, automated lest reporting,
and test performance enhancements are addressed as well as highlights
of thair utilization.
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AT THE NAVAIRTESTCEN

Mr. Michael Antley Wr. Chuck Graves
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ABSTRACT

A powerful tool for quick-logk analysis of EMP stress response data exisis on-
fine at the TACAMO EMP Simulator (TES) facility located at the Naval Alr Test Cantar
(NAVAIRTESTCEN) in Patuxent River, Maryland., Capabilitios discussed in this paper
are provided to TES iacility users by the resident Data Acquisition and Processing
System (DAPS).

This paper presents a surmmary of quick-lock analysis capabiiities provided to
facility users by the DAPS. A brief overview of the DAPS, guick-look analysis
capabilities, and examples of available aulomated reporis are provided, Daia
presenied in these reports were acquired in support of the Fleet Alreraft Assessmant
for Navy Testing and Analysis for EMP Limitations (FAANTAEL) A-8E Intruder EMP
Evaluation effort, conducted at the TES facility from 18 June 1988 through 1 July 1869

This work was sponsored by the Commander, Naval Air Test Centar, Patuxent
River, MD.

This work was sponsored by the Commander, Maval Alr Test Center
(NAVAIRTESTCEN]}, Patuxent River, MD. This presentation is unclassified.
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ABSTHACT

A dilemma exists belwsen ["compiete”) tasiing requiremants and
available schedule and budgstary constraints for most EMP test programs.
The smphasis as such should be on getting maximum return using available
limited resources. A structured test planning approach, such as that used
during the SH-608 tost program, maximizes test program effictency during the
test conduct phase and more importantly dusing the post-test data analysis and
reparting phase. This unique test approach provides in depth characterization
of the weapon sysiem's EMP responsa (both functional and transient
responses), and produced resulls thai provided insight down to the pin, LRU,
major functional equipment category, and maijor compartiment or EM zone.
Using data base manipulations, a combination of sorls, searches, and
graphical daia presentations produced quick-look resulis, as wall as an in-
depth undarstanding of the weapon system rasponses.

This presentation addresses the highly successful SH-60B EMP test
planning approach as i relates to future test planning effors.
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THE HDL FAST TRANSIENT MEASUREMENT BYSTEM (FTMS)

Dave Frohnapfel, Harry Diamond Laboratories
2800 Powder Mill Rocad, Adelphi, MD 20783

Joseph Pagliuca, Booz, Allen & Hamilton Inc.
4330 Past West Highway, Bethesda, MD 20814-4455

ABSTRACT

The Harry Diamond Laboratories (HDL) Fast Transient Measure-
ent System (FTMS), located at the Woodbridge Research Facility
n Weodbridge, VA, is a newly installed system that was developed
or studying subnancsecond risetime EMP responses on mobile
round based command, control, communications, and intelligence
C”I) systems. The FIMS consists of state-oFf-the-art gigaherts
andwidth fiber-optics and transient digitizing eguipment, and
C-based computer control equipment, necessary to support testing
0 a recently established HEMP standard.

This paper describes the hardware, system specifications
bandwidth, signal to noise ratio, gain compression, etc.), and
omputer control software that cemprise the FTMS. This paper
lso discusses lessons learned when integrating equipment in a
ystem such as the FIMS. This program was sponscred by HDL under
ontract DAALQZ-86-D-0042.
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ABSTRACT

The SH-608 SEAHANK helicopter was fested at the TACAMO EWMP
Strelator {TES) and Maval Alrcrafi Yertical EWP Simulator (NAVES) at
the Naval Air Test Center {NAVAIRTESTCEN] in Patuxent River, MD.

Thae SH-60B SEAHAWK s the Navy's version of the basic Sikorsky
mode] $-70 helicopter. It is the airborne portion of the Navy's Light
Alrberne Multi-Purpose System (LAWPS #Mk-3).  The SEAHAMK's primary
relas  are  antisubmarine warfare and anti-ship surveiilance and
targeting., Although the SH-GOB has not been EWP hardensad, it has been
EMI hardened to operate in shipheard EM environments, and thus has
several EMP proteciion featuraes,

the SH-60B test conducted in the late winter 1988 invoived the
first wusage of the Havy's new TES DAPS. The test implemented a
structured automated tesi pianning approach designed to maximize test
outcome and simplify the post-test data reduction and amalysis efforts
while satisfying test objectives in a cost effective manner.

A total of seven experiments were performed on the SH-608 SEAHAWK
helicopter as described below:

Experiments performed at the horizontally polarized TES facility:
» power-on safety demonstration

power-on active systems operational avaluation

power-off parallel {bassline) orientation

power-off parpendicylar orientation

28 meter off axis orientation
= power-off ground-alert parallel erientation

Experiments performed at the vertically polarized NAVES facility:
# power-off nose-on orientation at the NAVES facility.

w8 9 &

An averview of measurad EMP responses by equipment functlonatl
category, major equipment location, and unigue measurement type
categories are presented. DOther significant aspects of the analysis
effort such as direct drive recommendations, repeatability data, and
experiment to experiment comparisons, will alse he presented.
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ABSTHRACY

The VH-60 Executive Transport Helicopter was tested st the Haval
Air  Test Center’'s (HAVAIRTESYCER) TYACAMG [lectromagnetic Pulse
Simglator (TES) and Naval Alrcraft VYertical Electromagnetic Pulse
Simslator (NAVES) facilities. The test was conducted as part of the
VH-60 EMP Qualification Test program and utilized the test resources
available at the NAVAIRTESTCER including the Navy's new TES DAPS
{TACAMO EMP Simulator Data Acquisition and Processing System].

The VH-60 atrframe is constructed of conventional monogue light
alloy construction. Fiberglass and Keviar composite materials are used
for cockpit doors, conopy., fairings, and parts of the cabin floor. The
VH-60 has been hardened to EWP environments.

Six different experiments using four different helicepter
orientations were performed on the VH-60 using the HAVAIRTESTCEN's two
EMP factlities. Power-On Safety Demonstration, Power-0ff Baseline, Fix
Effectiveness, and 2ZBm off-axis experiments were performed at the
horizontally pelarized TES faciiity. Moie-On and Broadside experiments
were performed at the vertically polarized NAVES facility. The VYH-&0
test points were categerized inte 13 location zones and 42 helicopter
sub-systems. The majority of the measured responses were individual
wire currents, core currents, and bulk cables currents. Measurements
were not performed on cable shields.

This paper presents an overview of measured [KP responses by
equipment functionsl category, major equipment Yocation, and unique
measurement type. Summaries of these resylis wiil be presented in
histogram format, The direct drive recommendation methodology and
resylts will also be presented, as well as other significant aspects of
this analysis effort.
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ABSTRALT

Three H-60 aircraft (SH-608, VH-60 and the UH-80A) were lesised for
suscaptibility to the effects of slectromagnetic pulse (EMP}). The elactromagnetic (EM)
hardening for the thres aircraft varied from no EM hardening {UH-80A) to hardaning
for a shipboard M environment (8H-808) 1o complate EM bardening [VH-60).

This paper presents a comparizon of measured EMP responses (stress) for
these H-80 aircrafl. A brief overview of the weapon system EM topologies and test
systems is preseniad first followed by a comparison of measured resulls by functional
gguipmant categories, major compantmants, and measurement types.

This work was sponsored by the Commandar, Maval Alr Test Center
{(MAVAIRTESTCEN), Patuxent RBiver, MD. This presentation is unciassified.
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ABSTRACT

A Flest Alrcraft Assesement for Navy Testing and Anafysis for EMP Limitations
FAANTAEL) ¢lectromagnetic pulse {EMP) assessmernt of the A-6E Intruder aircralt
wras conducted at the MNaval Alr Test Center (NAVAIRTESTCEN) TACAMG EMP
Stmulator (TES} facility in Patuxent River, M, during the perods of 6/19/88 - 7/1/89
and 10/2/89 - 10/13/89. This assessment involved two fully configured A-BE aircraft.
“reg-field EMP festing at the TES facility and direct drive current injection testing using
‘he TACAMO Advanced Direct Drive System (TADRDS) were conducted. This test was
iesigned to develop an EMP response baseling {o quantily the margin of survivability
o the A-BE. Resuits of this effort also support fulure madifications such as the A-6E
Rewing Program.

This paper presenis an overview of the test approach and the measured siress
esults by aircraft system, weapons replaceable assembly (WRA) location on the
aircraft, and by measurement type.

Data presented in this paper are bagsed on the ‘FAANTAEL A.6E intruder EMP
Svaluation, GQuick-Look Test Summary”, BDM-ABQ-88-0576-TR, and the FAANTAEL
A-6E Intruder EMP Evaluation, Data Analysis Report®, BDM-ABG-88-0577-TR.

This work was sponsored by the Commander, Naval Alr Test Center
INAVAIRTESTCEN), Patuxent River, MD. This presentation ig unclassified.
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E-8 EMP PROGRAM OVERVIEW
Stephen W. Kermanyos

The Boeing Company
P.0O. Box 3999 - Mail Stop 17-01
Seallle, YWashington 98124-2499

Boeing I8 on contract to the Navy for 16 E-8 aircraft o provide a
survivable communications link to the ballistic missile submaring forge.
The £-6 will succeed the EG-1300 aircrafl.

The -6 program began in April 1983, COR was held in July 1985, test
Hights began in June 1887, an EMP qualification test was conducted in
1988, and deliveries occur from mid 1989 through mid 1991. Both FSD
and production contracts are firm fixed-price.

This paper presents an overview of the E-6 EMP program.

EMP Requiremsnt The E-6 has an EMP requirement of 32 dB8
hardness margin 1o upset on all mission essentlal eguipment in all
alroraft modes - ground alert, free flight, in-flight refusiing, and in-flight
traifing wire exlended.

Hardening Deslon The £-6 has a conventional two layer aircraft
hardening design consisting of hull hardening and internal cablse/cabinet
shislding.

Analvses The first analysis, submitted with our proposal in July 1982,
was a prefiminary analysis done to scope the amount of hardsning
necessary to mest the E-6 requirements. The second analysis, the
design support analysis, refined the proposal analysis. It began at
contract award and was complets at CDR. The third and last analysis,
qualification anzalysis, is now in work.

Quaiification Test A three phase 14 wesk EMP qualification lest was
conducied on the first production aircraft from 8 Seplembser through 8
December 1988 at the Naval Alr Test Center (NATC), Phase 1 was an
active system test, Phase 2 measured common mode cora currents,
and Phase 3 verified 32 JdB or greater upset margins by direct drive
techniques,

Produciion _Accentance  Tests One wesk EMP  production
acceptance tesis are being conducted on ail other E-8 aircraft prior to
dalivery. These tlests, subsels of the qualification test are also
conducted at NATC.
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E-8§ EMP TESTS
Stephen W, Kormanvos

The Boeing Company
PO Box 3989 - Mall Stop 17-04
Seaille, Washington 98124-24499

Bosing is on conlract to the Navy for 16 E-8 alreraft to provide a
survivable communications link io the ballistic missile submarine force,
The E-6 will succesd the EC-1304) glrerafl,

The E-8 program began in April 1083, COR was held in July 1985, test
flights began in June 1887, and deliveriss are scheduled from mid 1888
through mid 1981, Both FSOD and production contracts are finm
fixed-prics,

E-6 EMP testing consisis of 2 {4 wesh gualification test on the first
production aircraft and ons week production accepiance fests on all
other £-6 aircraft pror o dellvery.

The EMP gualification test was conducted on the first E-6 production
aircraft (BU No. 162783) at the Naval Alr Test Center (NATC) from 6
September 13988 through & December 18988, This thres phass test
verifisd the basic E-6 EMP requirement: 32 dB salely margins o upsst
for alt mission essential equipment.

Phase 1, an aclive sysiems test, was conducted undsr the TACAMO
EMF Simulator (TES). Al alreraft systems, powered by engines
mngiﬁg wera operated and ohzerved for upsets during pulsing under
TES.

During Phase 2, common mode core curants wers measursd with the
alrcralt In a powsr off simulaled power on mode, using the TES, the
Mavy Alrcraft Vertical EMP Simulaior (NAVES), and a Tralling Wire
Antenna (TWA} pulser,

Phase 3 verifled the 32 dB safely margin to upset requirement by
increasing the measured exirapolated response waveforms by 32 dB
{40 times), driving the eguipment 2t this level with power on, and
monitoring the systems for upgetl. The TACAMO Advanced Direct Diive
System {TADDS) synthesized the exirapoiated response waveforms
using an arbitrary funclion generator and amplifisd them with linear
amplifiers.  Ajrcraft and mission systems were monilored for upset
during and after pulsing.

EMP production accepiance tesls, subsets of the qualiffcation test, are
also belng conducted at NATC using the TES, TWA pulser, and
TADDS. Our challenge on these fests is o completle them within the
one week schedule,
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E-6 EMP ANALYSES
3, Alan Clark

Tha Boeing Company
PO, Box 3999 - Mail Stop 17-01
Seattle, Washinglon 98124-2493

Two analyses have been complaied and one is currantly In work,

The first analysis, submitied with our propesal in July 1982, was a
prefiminary analysis done to scope the amount of hardening necessary
o mast the £-6 32 dB safely margin o upset requirements.

The second analysis, the design support analysis, refined the proposal
analysls. 1 began at contract award, April 1983, and with sevaral
exceptions was complete at COR in July 1985, The mission sssential
squinment (MEE} wers defined, circuit schematics for MEE ware
gatherad for upsstdamage threshold level determination; direct drive
upset tests wars run on an EC-130 alrerafl for all common E-6/EC-130
commaon @ﬁuipmgm to esiablish upsst levels, and drive calculations
wars refinad as design details were finalized,

Both upset and damage hardness margéns wars detarmined for all
mission assential equipment, some 2100 equipment iHems, 2600
conneciors, 30,000 pins. This analysis, corroborating the proposal
anglysis, also showed our design would meet the 32 dB upset margin
raquiramant.

The third and last analysis, the qualification analysis, is now in work. It
builds on the design support analyais. After completion of the Class i
mockup in early 1986, hardering design details, particularly wiring data,
becomse available on the Boeing WIBS {(Wiring Information Relsase
System) data base. This comprshensive daita base conirols wirs
design, manufacturs, and installation for the entire Boeing commercial
family of alroraft as well as the £-3, E-4, and E-6.

We have adapled the Boelng WIRS as a comerstone of the drive
caloufations 1o be used in the E-6 EMP qualification analysis. This
brings the stingent WIRS configuration control into the EMP analysis
and ensures we analyze whal is actually buit, This dramatically
rnproves the completensss, accuracy and efticiency of the analysis and
in addition this methodology will be applicable fo future Bosing military
alrerafi.

The gualification analysis first produced gpretest predictions for the

qualification lest and later, In conjunction with the qualification test
resulls, provides final verification.
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E-6 ELECTROMAGHETIC PULSE LIFE-CYCLE HARDNESS
ASSURANCE, MAINTENANCE AND SURVEILLANOE PROGRAR

Joel D, Haines
Patuxent River, Maryland 20670-5304
{301) 863-3786

ABSTRACT

Nuclear survivability of the E-6 aircraft is dependent upon retention of the
electromagnetic pulse (EMP) hardness designed into the aircraft. The Naval Air
Test Center is tasked with implementing and manitarirng the E-6 Nuclear
Hardness Maintenance and Hardness Surveillance Pian. Through
independent audits and evaluations of fleet mairtenance actions and pariodic
system level tests, hardness integrity of design wilt be maintained throughout
the operational fife of the aircrafl. The E-8 life-cycle hardness program will
identity and correct degradations dus o fiest operations and maintenance or
repair activities, and menitor changes in configuration, spare part procurament
and maintenance activities that may alter or negafe system hardness. The
independent audit will identify, doctment, and monitar training, maintenance
and inspection procedures, configuration control, and reliability and
mainiainability activities that are critical to aircraft life-cycle nuclear survivability.
A relational database will be developed and maintained to varify pradicted and
established actual failure rates of hardness critical items, support snginesring
investigations, and archive gualification and production acceptance fest data,
as well as fleet maintenance data for fulure system tevel svaiuation.
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ARSIEACT
E-8A FRENCH CW TEST
Georga Bechiold and Dung Le
MSWC, Siver Spring, MD 20503
. SYSTEM:

The Franch CW syster has been designad to manftor any degradation in the hardness
of tha aircrall using raference values which wers recorded and stored in memory during

the initial commiszioning of the aircrafl

Ths 1ost set consist of
- synihstized dual fragquencies transmitler,

- symihatised dual recuendies racaiver,
. speoial adapied sensors {eleckical antenna, clamp-on probes, magnetic ibops).

The French OW system is periormed into ssparata modes:

A GLOBAL ILLUMINATION {VHFraquency, 800hz)
- variliss tha sleciromagnstic shisiding of layer 1,
- maasures conducied currents, associated with both electical and

magnaiic penawations is included.

B. LOCAL ILLUMINATION (HF frequency, 2Mhz)
. vorifies, datecls and localizes electromagnetic leaks on joints, doors,

access porls windows, and other mechanical siructural penstirations.

The test aquipment and specilic softwars that is used for the measuremeni, sicrage,
comparison and subssguent ransler o an acesssoly computer,

L TEST CONDUCT:
On Colober 28, 1988, the test of the &-8A TAGAMO was conduct at MATC
TES facility in the foliowing sequances!

GLOBAL HEUMINATION @
A. The antenna was selup approximalsly 10 meters in front of the alreraft

al the haight of 4.3 malem,
1. Exiornal E-feld was measursd at the i of the almrafl radoma.

2, Imternal B-fislds wore measired al three locafions inside aireraft.
Thae rafgrence for thesa three #islds was the exlernal measurament.

3, Conducted current was measured on 25 a3t pointa,
4. The cargo door was openad and 25 185t poinis wers remeasurad. The
roferance for each one was the current measured In step 3.

B. The antanna was zetun 125 meters to the side of the tp of the aircrall

radome and 45 degress pointed al the center of the alferafl
1iniernal field of two iscatlons inside the alreraft was measuered.

LOCAL LUMINATION :

1. Tip-to-Bp sensor measurament was Insertsd into rafarence memory.
2. Msasursments were acguired of E-fisld current near carge daor at 8 locations,
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COMPLEX RESONANCES OF CONDUCTING POLYGONAL PLATES
AND SIMPLE POLYHEDRA

Sadasiva M. Rao
Thomas H. Shumpert
Eiectrical Engineering Department
Auburn University, AL 36849-3201

A set of electric field integral equations has been derived in
the complex frequency space (S8EM) for the equivalent electric
currents induced on the surface of perfectly conducting polygonal
plates and simple polyhedra composed of such plates. These
integral equations have been solved numericaily using the WMethod
of Moments to determine the complex singularities (SEM potes) and
associated spatial slectric current distributions {SEM modeg). SEM
parameters for regular pelygonal plates {iriangie, square,
pentagon, hexagon, octagon, etc.) are compared with those
caleulated for the circular conducting disk. The resonance
comparisons between the plates and the disk suggest some new
definitions of electrical equivalence (based, for example, on the
isolated free space capacitance of each object.] Additional
comparisons of the complex resonances of simpie polyhedra
{tetrahedron, pyramid, cube, etc.} with those of the polygonal
plates which compose the polyhedra are presented and dizcussed.
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MNATURAL RESONANCES OF CONDUCTING OBLATE SPHEROIDS

Scoit R. Vechinski
Thomas H. Shumpert
Electrical Engineering Department
Auburn University, AL 38849-3201

& set of combined fieid integral equations for the equivalent
electric currents induced on the surface of a conducting body of
revolution has been formulated in complex frequency space (SEM)
uging potential theory and the equivalence principle . The
resulting =quations have besn discretized for numerical evaluation
using the Method of Moments and rotational Fourier harmenics. The
SEM poles and modes corresponding te both the internal complex
resonances {cavity resonances of the conducting body}l and the
external complex resonances ({gcattering resonances of  the
conducting body] for perfectly conducting oblate spheroids have
been calculated as a function of the spheroid eccentricities. Root
iocus plots of these complex resonances are presented as  the
sphercid changes from the degenerate case of the sphere toward the
case of the vanishingly thin cireular disk. Mode functions
corresponding to sejected complex resonances for spheroids with
specific eccentricities are also presented and discussed.
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OH REFLECTION AND FARTIAL CORRELATION COEFFICIENTS [N
MATERIAL IDENTIFICATION

Sammis Gites, Jr,
Drept. of Elscirical Enginsaering
The University of Telede
Toledo, Ohio 43808

A formulation of latiice structure modsls for senhomogsanuous boundaries in
muliilaysred materials is discussed in this paper. The boundaries discussed
sgparate media, sach medium of which is assumed to bs homogenucus.
Autoregressive fattice models! of the layered material is derived from
information in the reflected signal resulting from a {sin x)/x pulse incidant signal
onto the material. In addition, a scaltering latlice model is discussed. Layer
peeling techniques?3 are used in identifying the reflection coefficient (S11) of
gach boundary. Position and diglectric constants of the material are identified.

The modeling approaches are appiled fo two types of data. Results of the
methods are compared for simulated transemission line data.  Also, results from
a scatiering experimant comparge,

ftis demonstrated that PARCORSs and reflection coefficients are not synonymous
quantities.

! Kay, S.M. and 5.L. Marble, "Spectrum Analysis--A Modern Perspective,” Procesdings
of IEEE, vol. 63, November 1981, pp. 1380-1419.

2 Bruckstein, A M., B.C Lavy, and T. Kailath, "Oifferential Methods it Inverse Scattering,” SIAM L
Appl. Maih., vol. 45, Apdil 1985, pp. 312-335.

3 Bruckstein, A.8., B.C Levy, and 7. Kailath, “An nverss Scattering Framawaord for Saveral
Problems In Signal Processing,” IEEE 4SSP Magarzins, vol. 4, January 1887, pp. 6-20.
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AN ENHANCEMENT PULSE FOR RADAR TARGET DISCRIMINATION

br. Lloyd $. Riggs
Electrical Engineering Dept.
200 Broun Hall
Auburn University, Al. 36849

Dr. C. Ray Smith
U.S. Army Missile Command
ATTN: AMSMI-RD-AS-RA
Redstone Arsenal, Al. 35898

Yery recently, Jaynes [1] presented a theoxy of
raday target discrimination based on Bayesian
probability theory. The importance of this work is that
the radar target discrimination problem has, for the
first time, been cast in a rigorous analytic format so
that an optimum discrimination waveform, an enhancement
pulse, can be derived. It will be shown that for the two
rarget case the snhancement pulse will have its spectrum
concentrated near the frequency where the difference in
the impulse response spectrum of the two targets iz a
maximum.

The singuiarity expansion method {SEM) {21,
describes a target’s transient scattered fields in terms
of a weighted sum of exponentially damped sinusoids in
time domain, or equivalently, as a pole residue series
in the complex frequency {or Laplace) domain. The
enhancement pulse for optimum discrimination between two
targets will be interpretsd in terms of the targets’ SEM
parameters. Several example calculations will  Dbe
presented,

[1] E. T. Jaynes, "Theory of radar target discrimipation,®
Final report under MICOH contract DAALO3-86-D-0001,
D.0. 1515,

[2] €. E. Baum, "The singularity expansion method,” in

Tfransient Electromagnetic Fields, L. B. Felson, Ed.
New York: Springer-Verlag, 1976, ch. 3, pp. 129-17%9.
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RADIATION OF TMPULSE-LIKE TRANSLENT FIELDS
Carl E. Baum

Weapons Laboratory/NTaAB

Alr Force Systems Coummand

¥irgland AYB NM 87117-5008

This paper considers the radiation of narrow pulses (impulse-like)
from antennas. Beginning with che apsvture formulatlon for antennas,
the properties of a pulse radiated from such an aperrure focused at
infinity are discussed. This is then specialized to the cage of a
conical TEM Ffeed structure combined with a reflector. This is a new
method of generating an impulsive radiated field for scattering
measuremants,



Datermination of Some Far Fleld Tewporal Waveforms
0f a Phased Arvay Exclted by Sub-Nanosecond Pulses

David V. Scholfield
Albert W. Biggs
James P. 0¢Loughlin

Yeapons Laberatory / AWK
#irtland AFB, NM B7117-6008
{5305) 844-0121

The determination of some far fleld temporal waveforms of a phased arrvay
excited by sub-nancsecond pulses 1s described. The assumpiions made for
this description are that sach element in the array has an identical
radlation pattern, that thers are no mutual effects, and that the pulse
length i3 small in comparision to the dimension of the array. Two caszes
will be examined. The first case will examine the relatlonship between the
tanporal waveform in the far field as a function of the angle off the
boresight. The  sacond caze will examine the distortion of the
temporal vaveform as influenced by beam stearing. The results of these
analyses are presented for a unipolar and a bipslar impulse.
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RARDRESS EVALUATION SYSTEM (HES) OQVERVIEW

By
J.R. Pressley and J. L. Gibsan

EGSG Special Projects

2450 Alamo Avenue, SE

Albugquerque, WM #7108
(505) 263-2233

The Oklshoma City Alv Logistics Canter (0C-aALCY Hardness
Evaluation Systes (HES) built by EG&C is s fully integrated, EHP
hardness test system. The HES containz {ts own drive system capable
of both CW and pulse operatiom. In addition, the HES {ncludes s pin
tester for evaluating ESA breakdown voltage, filver insertfon loas
and pin contineity. An advanced minlcomputer syztem controls the
seurces, acquires the resultant data and processes the data. ALL HES
compenents are packsged In ruggedized, trangportable containers
enabling deployment to remote lecations sither as an entire gystem ovr
only those subsystems to be used, e.g., pin tester is in its own
case,

The HES contains 16 channels of fiber optie (FO) telemetry
links. Active signal dividers then provide multiple ocutputs te drive
LaCroy 68B0B high-speed transient digitizers, a matriz switeh for
automatic routing to elthar Hewlett Packsard 3577 network anglyzers
for CW acquisition or LeCroy TRE828D transient digictizers for pulse
acquisition, a matrix switeh for trigger source selection and &2
matrix switch for automatic proba connection verification.

In pulse mode, an arbitrary weveform generator drives a 20
k¥ peak power amplifier system. Raw datg are displaysd on video
wonitors during the automated QC process. hccepted data ave
processed automatically by cerrecting for Instrumentatisn sffects in
the frequency domain. Amnetated plets of both the correctad
frequency domsin and corrected time domain dstsz are then
automatically printed,

In CW mode, a frequancy synthesizer drives a 2 kW linesr
power atwmplifier syetem. Acquired data from & channsls plus
referance are corrected for instrumentation effascts point-by-paing
and displayed on videc moniters inm resl time, Tha sperator may abore
this process at any time. Anmotated plots of both magnitude and

phase responses, including trensfar functions, sre then automatically
printed,

This werk sponscred by Oklahoms City air Logistics Center, MMETT
Tinker, AFB, OK 731453
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PERSONAL COMPUTER CODE FOR FAST CALCULATION OF
ENERGY CONTAINED IN DIFFERENT SHAPES OF
FLECTROMAGHNETIC PULSE (EMP)

£y Annon Bossel, Group Manager
EMI & Nuclear Effects Enginsering
Eibit Computer LTD, Advanced Technology Center
P.C. Box 5350, Haifa
israel 31083

Instead of wading through handbooks, monograph and hand caloulations, 10 determing the
enargy developed due fo EMP eflects inside the front end stage of sengitive components, a
simpte compuler code can be developed into a very fast powerful program that will take care of all
neadad cakoulations far that purpose. Tha program was found very useful in optimizing transient
suppresser lor EMP applications and was used for design of EMP hardened connectors. Short
nulse wide bandwidih transients electromagnetic has been of both anabylical and experimentat
interast for engineers involved in simulating and testing, espadally in connaction with nuclear
electromagnetic puise NEMP applicalions, Enargy calculation can be tedious and time
consumming, A short routine developed on personal computer significantly simplitied the task.

Considerable emphasis in EMP work 1o develop and build simutators that can be used o Maasure
the interaction of complex struclures ke airplanes, metal buildings and lowers, of complex
infarsysiem wiring, exposed lo NEMP effects. Expanding of simulation mathods, capability and
accuracy, can provige information on NEMP induced currents and voitages that can be expected
at critical points of interest within cormplex systems and system wirng.

This papar presents a mathod to use data provided by simalation or by coniractor, in order to
deiermine energy and design NEMP system hardening at the componant lavel. In order fo use
this program it is assumed hat the NEMP threat, votages, cuments and shapes are known, as well
as the component sensitivily, and it's input joad behavior. To use the program ong must also
know the malhematical sxpression of the NEMP shapes, voltages and currents, Using modem
P.£. and its ability 1o allow mathematical calculation fo be interactively linked to graphics displays,
enabies us to tatlor the mathematical exprassion by using one or more exprassion to define the
needed expression lor the program. (1.8, we can use for example one mathematical expression for
the risa time of an NEMP and other mathematical sxpression fos the rest of the NEMP dacay item,
gle.).

Gne routine of the program is devoted to solving integrat by using SIMFSON's rule. Anolhar
routing wili he nesded tor caloutating the energy developed on a given load, i.e., the front end of
sensitive compenant or suppressor device. More routines will be needed 1o handle and manage
the parametars input meny, and the graphics display of the pulse shaps on the computer screen.
At the time that the program is completed and ranning you really have & fast and strong tool in your
hand,

Relorances

1. Dr. Rabindra N. Ghose - EMP Environmerd and System Hardness Design.

2. Dorm MoGraken - Numerical Methods and Fortran Programiming /P-160 N.Y. Willy 1954,
3. D.C. Wunsch, LR Bell - Determination of Thrashold Failurs Lavels of Semiconduciors

Dicdes and Transistors Due o Pulse Voltage AEEE Trang. Nuch, NS-15 No. 6, Dec. 1968
Do, 244-260,
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BUTLDING AN EXTRAPOLATION FUNCTICN USING
CALCULATED INCIDENT FIELDS

STEPHEN L. LANGDON
LT JAMES J. GRIMM II

WIL/NTAOA
KIRTLAND AFB, NM

ABBSTRACT

An ideal EMP simulator would replicate the actual responses
induced in & system during the detonation of a nuclear device.
regent simulators can not generate the field strengths necessary
'o meet threat criteria. Therefore, to produce response
saveforms similar to those caused by a threat environment it is
\ecessary to extrapolate the measured data to a threat level.
txtrapolation functions are calculated using the incident fields
»f both a threat criteria and measured fields in the simulator
rolume. Up to this time the total measured field response was
jenerally used when building an extrapelation function. For
simulators like the Horizontally Polarized Dipole, this total
neasured field is a superposition of the incident and reflected
flelds.

In order te build a more correct extrapolation function, it
ls necessary to calculate the simulator's incident field. This
saper will describe the steps and numerical problems involved in
ralculating the incident field by mathematically combining the
tlectrical and magnetic flelds.
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Bxtrapolation of Sround-alert Mode Data
at Hybrid EMP Simulators
Everstt G. Farr
BOM Internastional, Inc.

When performing system-level EMP tests, the waveform
provided by the simulator la often guite dJdifferent from the
deslraed threat waveform. in order to compensate for GLhis
dlffarence, an extrapolation is performad. At most simulators,
the extrapolation process iz relatlvely stralghtferward, and 1t
was flrst described by <Carl Baumll]). However, at hybrld

zsimulatozrs such  as ATHAMAS I {also known as HPD), relatlvely
simple technigues break down because of the presences ¢f a strong
reflected Field. Therefore, new sxtrapolatlion techniques are
required at hybrld ENP simulators.

in general, it iz possible to take dakta on an alzeraft
configured in elther ground alert mode or in free space nmode.
Date are then normally extrapolated Yo the same mode from which
thaey are takan, although it may in principle be possibie to
extrapolate %o the other mode. The scope of thls presentaltion ls
limited to extrapolation of data taken in ground alert mode %o
ground alert mode with a different incldenk fileld. Although it
may be pogsible to conslder extrapolations from ground alert mode
te free Ellght mode, or to dground alert mode wlth a ground whoze
characteristics diffar from those of the simulator, this iz pot
treated herve.

In this presentation, we bagln with a brief review of the
axisting methods for performing extrapolatlens, and why siwmple

approaches break down at hybrid slmulators. Mext, we ldentify
alternative approaches for hybrid simolators, and we abttempi to
determine thelr wusefulness Iin practical zituations. dne

tagchnigue that appearsz partlicularly promlising regulires the
development of an "inclident f£ield” sensorx. The design and
performance of this sensor 1s the toploc of another paper to be
presented ad thlz confereance.

{17 €. E. HBaum, Extrapolatlon Technigues for Interpreting the
Regaults of Tesbtas In EMP Simulators ip Terms of EMP Crltezxia,
Senzcr and Simulatlcn Note 2322, March 20, 1977.
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NOISE REDUCTION TECHMIQUES FOR FAST TRARNSIENTY
MEASUREMENTS

Clayborng 0. Taylor
Micolas M. Younan

bississippi State University
Mizsissippl Siate, ME 38762

4. Darryt Holder
Thormas F. Nash

.3, Army Missile Command
REOTEE Centar
Hedstone Arsenal, AL 35848

The interpratation of {ast transient meazurements can be significantly
fimited by neise from the instrumentation. Although a number of technigues are
available for reducing the noise content, there is a reluctance to implement
them because of the fear of obscuring important results. Consequently most
investigators present raw data in their reporis and use no noise reduction
technigues at all.

A common approsch o noise reduction is the implementaiion of g fiiter.
Howeves, it is desirable i presarve the signal in the process. With this in mind,
sevaral approaches are considered. The lechnigues are verdiied by
considering simulated data with addsed ncise. Since the signal is known, it i5
nossible to determing the signal distortion resulting from the filter application.

Spacific approaches considered include correlation controlled filters,
statistic controlled filters, Wiener filter, and adaptive filters. i is shown that a
sigmificant redguction in the nolse lovel can be achisved without appreciable
distortion. In addition {o the simulated data, actual measured data are also
considered, In general, excelient resulls are obtained, indicating that noise
reduction in measured data alse can be accomplished withowt significant signal
distortion,
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Identification of Exponentials in MNoise
by SVD of the Proay Data Model
John C. Mosher
TRW SEDD DH4-2139, Une Space Park. Redondo Beach., CA 30274

EMP researchers seek to model and understand the transient electromagnetic signals
recorded during testing. Promy's method is a technique for modeling sampled data as
a linear combination of exponentials. a model often attempted in EMP research, hut
previgusly with poor results, The p-exponent discrete-time function may be concisely

expressed in the form
3

i[n| = }: Ruzpt
Rel

whers Ay = Apexp{ i) is the complex amplitude and 2, = ezpfog + j2r fr) is the singu-

larity or pole location, In the case of real data samples, the exponentials occur in complex

conjugate pairs, so that the model is now one of devaying sinuseids. The task is to find the

order p and the parameters {fy, 2.} for all k. Simultansously solving for all perameters is

a diffiendt nonlinear problem.

The eztended Frony Method iz a subnptimum approach that effectively concentrates
the nonlinearity of the model into a polynomial factering. In the absence of noise, the
extended Prony Method works very well, as we will demonstrate. With noise, however,
the parameter estiznates are often poor and biased, due to a lack of modeling for the noise.

One commen method to overcome the hias is to over specify the number of true poles
in the data, which allows the extra poles to model and account for the noise. Now the
probiem becomes distingnishing the poles due to the signal from those due to the noise.
Thres methods, as presented in Marplel1), combine to enhance the identification of the true
poles: forward and backward prediction polynomials, high prediction order, and singular
value decomposition (SVD).

The application of VD provides improvament by dividing the data matrix into the
signal sudspace and the notse subspace. By selecting the m largest singular values, where m
tepragents the true number of exponentials, we form a reduced rank approximation to the
Asta matrix, which reduces the noise and effectively enhances the S¥R. The Moore-Penrose
puendsinverse of the reduced data matrix then provides us with the minimwm-norm least
sguares solution to the prediction polynomials. The result is the noise poles are much less
perturbad, and the signal poles are much more apparent and closer to their true location.

We have imaplemented this approach in Matlab™™ and applied it to simulated sums of
damped sinusoids and to actual transient EMP data from the A/RBASE database. In the
noizeless case, the simulated results are excellent, and the estimates of the true parameters
are still quite good even in significant noise.

For real data. we show good fit between the estimated and actual data in regions where
the data actuslly appears to be a damped sinusoid, primarily in the decaying relared
response region of the transient. For regions that are clearly not damped sinusocids, we
still achieve nseful approximations. Because the results are good for the simulated data.
the fit for real data helps confirm or reject the data model of damped sinusoids.

[1} Marple. 5.L., Digital Spectral Analysis, with Applications, Prentice-Hall, Eaglewond
Cliffs, New Jersey, 1987,
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Segmented Processing

A method for identifying and reducing
broadband noise in EMP response data

Mr. Thomas Kearns
United International Engineering

Dr. Patrick Donchoe
Mississippi State University

Mr. Stepnen Langdon
WL/NTACA

Mr. Dean Lawry
WL/NTAOA

This presentation will cover the develcopment and status of a
noise reduction technique developed for broadband response data.
The technique is called "Segmented Processing™ hecause narrow bands
or "segments® of the frequency domain are analyzed and operated
UpoH.

The segmented processing technique was developed to minimize
the impact of broadband nolse, particularly in extrapolated data.
Segments of the freguency domain are trangformed into the time
domain and limited to the regions where the signal plus noise is
greater than the noise. This truncated time is then transformed
hack into a improved estimate of the original segment.

The segmented processing technigue has been demonstrated using
pure and noisy analytic waveforms. A mathematical justification
has alsc been completed. The original process was desighed for
manual operations and required approximately 3 minutes per 8192
point waveform. Current e=fforts are oriented towards automating
the process based on our knowledge of the system level responses.
Nominally, a six to twelve DB improvement in the high frequency
noise floor is obtained.

The segmented processing approach eliminates the need for
bandwidth limiting and is particularly beneficial for those
programs with a bandwidth specification. application of the
segmented approach te the configuration of the acguisition
digitizers will alse be discussed in terms of new bandwidth
specificationa.
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TRANMBIENT ANALOG DATA
FIBER OPTIC LINKS: A COMPARISON®

W. T. Clack HI, K. W. Darrow, M. C. Skipper
BDM Management Services Company
P. G. Box 5412, Kirtland A.F.B., NM 87185, USA
Phone: (505) 844-8511 Fax: (508) 268-0421

Abstract

A comparison was conducied of fiber opiic links for use in electiromagnetic environ-
ments. Determining which link is optimum for 2 particular application is dependent
on the eleciromagnetic environment’s bandwidth and amplitude, the device under
test, the frequency range of intevest, the environmental conditions and the Hak’s char-
acteristics. 1f olectromagnetic parameters, tested device and environment cannot be
altered, the link must be adaptable to the device in its environment and operate over
the required frequency range. The comparison determined the bandwidth, magni-

tude linearity versus {requency and temperature, risstime, signal-to-harmonic ratio
and relative merits of each link.

*Work performed under contract for the USAF WL/NTAD.
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E-3/E-6 AIRCRAFY TECHNOLOGY TRANSFER

by Or. George Bachtold, Dennis Lynch, Dung Le, Naval Surface Warfare
Center, Cods M25, White Oak,
Silver Spring, Marytand
Larry Kitchsll, Mission Research Corp., 3840 East 240,
Cklahioma City, Oklahoma

Bilateral transfer of E-3 and E-6 aircrait technology between the Navy and
Alr Fores wili be presented. This technology transfer will save the governmarnt
firme, money and resources.

The Air Foreas Logistics Command requesied transter of E-6 Hardness
Assurance analytical and test data and hardness assurance design
documentation, overail system and subsystem specifications for EMP, blast and
thermal, and installation or enginesting drawings for E-6 hardness features.

The Naval Surface Weapons Center, (NSWC) and Dual Associates,
Arfington, VA complied with this request sending data and available reports on
the Navy's Hardness Mainienance/Hardnass Surveillance {HM/HS) efforts.
NSWC has a document data base covering 20 years of aircrait EMP testing,
which will be described.

An overview of Mission Research Corp. HM/HS efforts at Tinker AFB,
Oklahoma City, will be presented.
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Bounds for application of filter pin gonnectors
as protactive devices for RF lines

J.k. ter Haseborg, K.-D. Kruse
Technical University Hamburg
Department of Measurement Engineering/EMC
P.O. Box %0 14 03 2100 Hamburg 20

F. Woléf
C. Plath, Company for Nautical Electronics
Gotenstrasse 18 2000 Hamburg 1
West Germany

Besides the suppression of interfering signals on
rranamission lines by means of filters or protection
circuits respectively. the RF-transmission and reflection
characteristics, caused by the insertion of £ilters and
protection cireuits, are of special significance. This
presentation deals with a special kind of protective
devices 1i. e. with filter pin connectors. As already
mentioned in other publications (e.g. [11,-({2}), Eilter pin
connectors are suitable in order te realize protective
devices with low weight and small volume for multi-
conductor transmission lines. In this connection nonlinear
filter pin connectors against transients, e.dg. EMP-induced
currents, should be considered. Concerning the RF-
transmission and reflection characteristics for the signals
there is a significant difference between nonlinear filter
pin connectors and comparable conventional nonlinear
components as e.g. suppressor diodes. In case of filter pin
connectors these R¥-characteristics are essentially
influenced by the ground connections and ground conditions
inside the plugs which contain the filter pins.

Be means of measurement results the influence of the ground
conditions on the RF-transmission and reflection
characteristics in connection with filter pin connectors
will be shown and discussed.

References
[1} L.A. Erantz: "EMT/EMP-the connector solution”
fnt. Aerospace and Ground Conf.
on Lightning and Static Electri-
city, Dayton, Ohio, June 24-26,
1986
[2] J.l,. ter Hasaeborg,: "Transmission characteristics of
K.-D. EKruse, nonlinear EMC-protaction circuits
F. #Wwolf consisting of filter pin connec~

rprs”, Int. Symp. on EMC, Nagoya,
Japan, Sept. 8-10, 1389
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APPLICATION OF NORM ATTRIBUTES FOR
ELECTRONIC SURGE ARRESTOR FAILURE IDENTIFICATION

Robert J. Balestri
Booz Allen & Hamilton Inc.
4330 Fast West Highway
Bathesda, MD 20814

David DeTroye
Haryy Diamond Laboratories
Adelphi, MD 20783-1197

ABSTRACT

Residual stress norm attributes are proposed for
uge as acceptance criteria for High Altitude
Electromagnetic Pulse ({HEMP} hardness certification.
The application of these norms to hardness surveillance
{(HS} has not been formally addressed. However, it
would be beneficilal if acceptance criteria data could
provide baseline HS requirements. In order to achieve
this objective, the relation between POE fallure modes
and norm values needs to be established.

During the summer of 1989, test data were obtalined
on 670 electrical surge arvestors (ESA's) that have
been fielded for up to 10 vears with no hardness
maintenance (HM) or hardness surveillance (HS)
activity. Each ESA contains a spark gap, inductor, and
bidirectional Zener diocde in a Pi configuration. The
presence of nonlinear ESA devices raises questions as
to the utility and wvalidity of using norms for HS
activities.

The test dats were separated into pass/fail bins
based on observation of the ESA output. The ESA
failure rate function was determined, and probability
distribution functions were ocomputed for each norm.
The probability of detecting a failed ESA and the
probability of false alarm were determined based on the
distribution functions. Comparison with the
experimental data yields excellent results and clearly
identifies those norms which lead to a high probability
of failure detection with & low probability of false
alarm.
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Experimantal Results for Protection Module

T.Morita. M. Yamada and N. Takaeo

Fuji Electric Corporate R&ED. Ltd.
L-1, Tanabeshinden. Kawasaki-ku.
Kawasaki City, 210, Japan

EMP iaduces very first transients on for exampie exposed lines.
These transients have sub-microsecond rise time. There is definitely
a threat to electronic squipment. Transient suppression devices
(filters. nonlimear devices, gap. etc.) have beenm in use to provide
protection against transients like lightning and EMI. Each
suppression device has definite a function and can't reduce very
first transients enough by itself.- The sufficient protection
against such transients requivres a Bybrid type protection module.

This time, the protection module {for AC LOOV 7.5kVA power line)
was made on experimental bagis. The module was tested to evaluate
it's performance. Tabel F. shows test conditions and test resuelts.
Figure 1. shows typical oscillograms.

Table. I  Test condition and result.

input waveform output
Test No.
rise time peak value voltage
I 5 ns a0 kv 2000 V
2 0.5 us 500 kv ' 600 V
3 0.3 us I kA 200 V
4 H 10 kA 200 v
(L) Test No.1 (2) Test Ne.2
- ]
T ﬂ\ 3"{’_‘\"\4 r"':r“ — T
_G.lnlet vu!luge i '-\/& o f /’_ ™ —F T —
R O A s SN RV e hat ¥
Ireat wgliage ,‘ H FEET
\. ’f
e I l

Lns/div  20kV/div  SBQV/div 500ns/div  180kV/div 2. 2%A/div

Fig.l Typical oscillograns.
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A NANOSECOND TIME-BASED GAS TUBE MODEL
G. Alan Clark

The Boeing Company
P.O. Box 3999 - Mail Stop 17-01
Seattle, Washington 98124-2499

A nonlinear electrical gas iubs mode! valid in the nanosecond time
range has been developed. it operates on Micro-Cap It (Spsctrum
Sofiware) and exscutes in about 10 seconds on a 80286 processor
based personal computer.

The nonlinear model is based on two nonlinear squations, one for the
gas temperature, and one for the gas conductivity. Sources for the
equations are functions of the voltage across the tube, and the
instantaneous, dissipated power in the fube.

The Navy/Boeing E-6 aircraft electronic support measures (ESM)
system is EMP protected by a fast acting preionized gas tube placed
just behind the antenna. The model is being used to verify that the
required 32 dB safety margin is met for the susceptible components In
the ESM recsiver.
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Quality
EMP Test Facilities
and Instrumentation

Complete Line of Sensors
and Probes (field, current
density, current)

Wideband Fiber Optic Data
Links

Signal Conditioners, (baluns,
integrators, attenuators, cable
sompensators, amplifiers,
active signal dividers)
Thresheld Detectors, Peak
Signal Recorders

Trigger Signat Conditioners
Audio and Digital Communi-
cation Fiber Optic Links
Inductive Current Drivers
Automated Damped-Sine
Direct-Drive Generator
Systems

Complete Data Acquisition
Systems Design and Integra-
tion

Complete Test Facility Design
and Integration

MEMPS

35 {5 sSPECIAL PROJECTS

&Q 2450 Alamo Avenue S.E. - Albugquerque, New Mexico 87106
phone: (505)243-2233, TWX 810-989-1684, FAX (505)243-1021

Call or write for a free copy of our comprehensive cataleg of products



At ESL, our commitment to excellence, service and leadership continuatly
drives our efforts in new directions. . .efforts that are critical to the ad-
vancement of defense technology. For ambitious professionals, our position
as the reconnaissance and communications isader means highly visible
roles with significant opportunity for advancement.

We offer state-af-the-art resources and a ereative, campus-like atmosphere,
with a small-team approach 1o projects offering maximum involvement for you.

Senior Engineers
Electromagnetic Effects

\We have opportunities for individuals experienced in electromagnetic effects,
including lightning protection, EMP and EMC/TEMPEST design and test.
You must be thoroughly familiar with the applications of EMC/TEMPEST/
EMP specifications relative to hardware design and test.

Positions requires a BSEE or the equivalent and U.S. GITIZENSHIP.

ESL offers excellent salaries and creative benefits. Please send your resume

to Patricia Ashmore, Professional Employment Dept. NEM-1091, ESL, 1345

Crossman Ave., PO. Box 3510, Sunnyvale, CA 94088-3510. An equal oppor-
tunity employer.

A Subsidiary of TRW Ttew




Metatech provides research, technical
evaluation and documentation services
involving system applications of ihe
physical and mathematical sclences.

Metatech has provided both government and industry with high-
quality research, iechnical evaluation and documentation
services since 1984. We have assisted our customears in
identifying and assessing electromagnetic threats againsi
electronic systems — and in developing sound and practical
means to harden systems and verify hardness.

Metatech's services:

- Development of threat environment and
coupled stress speclflcations. (Metatech has
contributed io the development of DoD-STD-216 and
MIL-STD-188-125, and to many system programs).

« Fundamental research leading to the
understanding of threat environmenis {e.g.,
HEMP, SREMP, ionizing radiation, and charged
particles) and the Interaction of these
environmenis with systems.

- Development of system test concepts,
methodologles and protocols (e.g., for missiie,

aircrait, C31, and tactical systems) and evaluation of
speclilc test procedures.

- Technical Documentation {e.g., technical
reviews, draft standards, handbooks, and annotated
bibliographies).

Metatech is a small business with offices in the Santa Barbara,
Albuquerqgue, San Francisco, and Los Angeles areas. We do not
own or operate test facilities nor do we markel test equipment or
services. Because of this and the many years of experience of
our technical staff, Metatech is in a position to provide lts
customers with objectlve evaluations of test
requirements, capabilities and results.

For further information cn our capabilities and
experience, write lo Metatech Corporation, 358 S.
Fairview Avenue, Suite E, Goleta, CA 93117, or phone
o US at (805)683-5681, and ask for our brochure.
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'he Problem Solvers

Mwell *s Custom Systems Group

designs producis
and systems that
solve problems. .

w8

HTNING SIMULATOR FOR|
USAF/BOEING

2 MV BOUNDED
WAVE EMP PULSER

FOR FRANCE EMPRESS 1l 7 MV EMP PULSER

{2 MV HPD EMP PULSER FOR U.S. NAVY
IN BACKGROUND) o

. . . why not let them solve yours?

For more information,
call Roger White at
(619) 576-7716

FAX (619) 560-5092




NOW! A Single

Source For
Transient
Testing

Now more than ever, Maxwell
Laboratories, Inc. is the company
with equipment and services for all
vour EMP, lightning, and high voltage
surge testing needs.

Maxwell has added three amplifier
driven pulsers to its line of transient
test equipment,

These products complement the
Maxwell/Elgal line of capacitive
discharge generators to provide for
conducted susceptibility testing.

For radiated susceptibility testing,
Maxwell features the Maxwell/Elgal
parallel plate, 100 kV EMP simulator.

High voltage custom systems for
testing larger items are also available.

In addition to this complete line of
equipment and accessories, Maxwell
offers testing services in its expanded,
fully-equipped facilities, with
technical support activities which
include training, documentation, and
analysis.

Standing behind all Maxwell products
and services are the knowledge and
expertise gained through 25 years of
experience as a leader in pulsed
power,

The biggest guestion in transient
testing today - why go with anyone
but Maxweil?

For your copy of Maxwell’'s new brochure on transient testing
equipment and services call A. Peter Krickhuhn at {619) 576-7562.

Customers outside of North America Contact
Elgal EMP & Systems, P.O. Box 494, Carmigl 20101 Israel

TEL: 972-4-902%60.

FAX: 972-4-90G2972.

8888 Balboa Avenue San Diege, CA 82123
Phone(819)572-5100 TWX910-335-2063



ivision
for
Problems in

Jim Gilbert Bob Gardner
735 State St. 1720 Randolph Rd SE

Santa Barbara, CA Albuguerque, NM
805-963-8761 505-768-7646
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Pulsers for Lightning
and EMP Simulation

Physics International offers a complete line of pulse
generaters for simulating the effects of lightaing and
radiating and bounded wave electromagnetic pulses.
Thess field-proven, high-performance systems are
available in a wide range of output voltages from less
than 50 kV to over 6 MV,

Also available are rugged models that have been specially
designed for transportability and for withstanding harsh
outdoor environments.

Challenge us with your requirements. We will design and
manuifacture these pulsers to mest your specifications.

< 1 MV ultra-fast risetime
EMP generator.

W
2 MV lightning simulator.

e

5 MV horizontally polarized
< EMP generator.

Physics International Company

231in Defense Systems Group

2700 Merced Si. » P.O. Box 5610 » San Leandro, CA $4577-0529

N. Andersson, Sweden, (46) 0896-2844; Equipements Scienlitiques, France, (33)
014-741-8000; Hakuto Co., Japan, (81} 03-341-2611; Milchan Bros., Israel, (972)
03-751-81-58; Polschke Gmbh, Germany, {49) 6109-2788; Sirces S.R.L., ltaly {39)
02-564-062; Sielco, ligaly, (39) 06-381-419; Toshni-Tek International, India, (§1) 613-076;
Microwave Systems Limited, United Kingdom, (44} 462-421234.




SIMULATOR HARDWARE AND SIMULATOR

DEVELOPMENT
EMP X-RAY
LIGHTNING GAMMA
SREMP PARTICLE
BEAM
UPGRADE
REPETITIVE ASSESSMENTS
RATE
AND
SINGLE-SHOT
FEASIBILITY
STUDIES
DIAGNOSTICS PULSED
POWER
SENSORS COMPONENTS

100 psec RISETIME SYSTEMS

ADVANCED SIMULATOR DEVELOPMENT

§ 1 euiselsciencesfine 1 =

1514 PULSEO FOWSA STSFEMS BIVIS AN

\POO MceCormick $t., San Leandro, CA, 94577 ¢ TEL: (415) 632-5100 ¢ FAX: (415) 632-53[)_(;




At R&B Enterprises
getting it close
justisn’t good enough.

Because it truly is critical to
match the requirements of your
test plan, consider cur damped
sine wave generators. They use
the only variable frequency
control systern that meets
MIL-STD 4631C/462 demands—
gxactly.

You control the variation of

the frequency from 7 kHz to

100 MHz, the damping factor ()
from 6 10 24, the cutput voltage

and the output impedance -~
giving you perfect aim at

e Accurate simulation

¢ Precise specification
requirements
+ Crucial user flexibility

We also have generators that
produce moncpulse waveforms
for your lightning susceptibility
tests, detailed in RTCA DO1608B,
Section 22 and SAE-AE4L.

Discover how our
products can put your
tests right on target—
,,,,, call Dick Rogers today!

1.215-825-18960

20 Clipper Ropd + West Conshohocken, PA 19428




SHIELDED VANS

TRANSPORTABLE SHELTERS
CONVERTED CARGO BOXES
EMP, EMI, TEMPEST

Full Power and AC/Heat Pump

YOUR DESIGN OR OURS

The Door Makes the Difference!!

Weather Resistant Seal
Over 100dB from 14KHz—-10GHz/NS4A 65-6
Geared 8-point Latching System
Fasy Maintenance, Clip—0n Fingerstock

Shield Rite, Inc.
P.0. Box 8250
Albuquerque, NM 87198
(505) 2622688



Make Sure It’s
Shielded by

FECKNIT

For over twenty-five years, TECKNIT
has been assisting the design community
in solving EMI Shielding problems.

Whether your requirements demand conductive coatings,
wire mesh and conductive elastomer gaskets or high perform-
ance shielding windows, TECKNIT EM! Shielding products
and the engineering skills to apply them are available from
TECKNIT plants in Cranford, New Jersey and Santa Barbara,

California.

Te's Hitele wonder TECKNIT has been described as “the EMI

CXPULTs Yol . alw YR W anted on your st e

o Ec K N ST a TWF commpany

EMI SHIELDING PRODUCTS
126 Dermody St., Cranford, NJ 07D16/(201) 272-5500
320 N. Nopal St., Santa Barbara, CA 93103/(805) 963-5811




re

A Participant in and Supporter of the NEM

Albuquerqgue
Engincering Gifice

v Test Techuology
Enginecring and Dala Systems Organization * ]D ‘1;“ A“‘i}},’f?" and

+ Simulation and Modeling . g? . “'“?‘;}“1:.0113 .
+  Systems Enginecring/SETA ystens ngineeiing
+ Hardening Designs

+  System Assessment

» Laboratory Facilities

TRW ENGINEERING AND DATA SYSTEMS ORGANIZATION,

an organization of over 200 people providing hardness and survivability
engineering services. Our experience covers several decades and a wide range of
systems. From the design of hardened spacecraft to systems engineering on
baliistic missiles, from laboratory tests of components to full sytsem level EMP
tests, TRW covers the spectrum of hardening technology.

For more information , contact:

Dr. Charles E. Wuller D, Paul Chivingren
DH4/2139 TRW

TRW 2340 Alamoe S.E.

One Space Park Suite 200

Redondo Beach, CA 90278 Albugquerque, NM 87106

(213) 764-6508 {505) 768-1100



WORRIED YOUR DIGETAL SYSTEM DESIGN MIGHT "RICCUP” WHEN YCU GET TO THE EMP SIMULATOR?
HAYING DIFFICULTY INTERPRETING THE "NO MISSHON BEGRADING UPSET" SPECIFICATIONS?
TRYING TO CHOOSE THE BEST PROTECTION DESIGN ALTERNATIVES?

WERE LEADERS IN THE FIELD OF ELECTRONIC UPSET TESTING OF IHGITAL SYSTEMS.
OUR TESTENG AND BETECTION $YSTEM AUTOMATICALLY FINDS SPURIOUS DIGITAL SYSTEM RESPONSTS.
NOW, WE'RE LEADING THE WAY IN TII: DESION OF UPSET IMMUNE DIGITAL SYSTREMS,

OUR EXPERIENCE: + FAULT DITTECTION AND [SOLATION
- SUBSYSTEM
- SYSTIEM
+ SURSYSTEM AND SYSTEM EMP/EMIEMC TESTS
= MIUL-§TD- 1353 DATA ACQUISITION AND ANALYSIS
« PROTECTION BESIGN DEVELOPMENT AXD TESTING
« MIL-STD-2169 TEST METHODS
« NUCLEAR ENVIRONMENT OT&E
« MIL-STI- 1553 CONVERSION TO FIBER OFTICS

DON'T SPIN YOUR WHEELS, CALL!

BOOZ-ALLEN & HAMILTON INC.
{505) 247-4722
2201 BUENA VISTA DR., SE « SUITE 400 » ALBUQUERQUE, NM 87106

321RIHE24

Work for Goverrniment & Industry includes field tests
and innovative analytical methods designed to
advance applied science and high technology.

Over 25 years of commitment to excellence.




UNITED INTERNATIONAL
ENGINEERING, INC.

2201 Buena Vista Drive, §.E. « Suite 207 « Albuquerque, NM 87106 « (505) 242-9200
1500 Perimeter Parkway « Suite 123 « Huntsville, AL 35806 « (205) 721-1719
21 Industrial Park Circle « Unit H « Waldorf, MD 20601 « (301) 870-8696
Drawer N » White Sands Missile Range, NM 88002 « (505) 678-2477
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