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ALBUQUERQUE

On behalf of the conference committee, the Peymanent NEM Committee
of SUMMA Foundarioen, the Department of Elactrical Engineering and Com-
puter Science of the University of New Mexico, and the cooperacing pro-
fessional and governmental groups, I would Iike to welcome all the
conferance attendees to NEM 1986. I would particularly like te thank
the conference commitree for all the hard work they have done to nmake
NEM 856 a successful conference.

The purpose of the NEM series of conferences is to be a wide-
ranging forum covering the entire spectrum of nuclear EMP related tech-
nology. The selection of papers submitted to NEM 86 certainly supports
that goal. In additien to the usual NEM topics, there are three ses-
sions on microcomputer applications and panels on lightning. microwave
applications, power systems, and standards and specifications. The
nearly two hundred papers that make up the conference should provide
technical stimulation for all attendees.

The social program should alse provide a means for the attendees to
enjoy the facets of New Mexico life. There are tours to explore both
the technical facilitles of the New Mexice area and Interesting tourist
attractions. The Awards Banguet Is the central social event, bur there
are business meetings and mixers to help renew old friendships and begin
new ones.

I wish all of you a mest productive and memorable cenference.
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Dr. Rebert L. Gardner
Conference Chalrman
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PLENARY SESSION
WEDRESDAY, MAY 21, 8:30-12:00
STUDENT UHION BALLROCH

Chairman: L.F. Libelo
Harry (Hamond Laboratories
Adelphi, Maryland

1 & Survey of Instrumentation for EMF Related Measurements,
§:30  J.0. Giles, J.R. Pressley, and G.0. Sower, LGAG WASC,
Albugquerque, NW

2 Electric Energy Systems Research Program, K.W. Klein,
9:00  U.S. Department of Energy, Washington, D.C.

3 Smedish EMP Activities, 5. Karevik, Sweden

9:30
10:00  Break

4 Standardization of B Hardening Reguirements, E.F. Yance,

10:30  5R1 International Inc., Menlo Park, CA

5 Estimating Yulnerability to Electromagnetic Pulse Effects,
11:00  J.M. Richardson, National Research Council, Washington, D.C.

[ Problems and Opportusities im £M Education, E.K. Miller,
11:30 University of Kansas, Lawrence, KS
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SESSTON 101-1A HICROCOMPUTER APPLICATIOHS
MONDAY, MAY 19, 8:30-10:10 Graphics/Hardware/Software
EDUCATION CENTER, ROOM 101

Chairman: R.L. Hutchins
The BOM Corporaktion
Albuquerque, Mew Mexico

Page

1 PC Movies on the MaclIntosh: An Innovative Hay to Learn 5

8:30  about Fields and Waves, E. Miller, The University of Kansas,
Lawrence, KS

2 Graphical Methods for Electromagnetic Metheds, B. Cabral, 7
8:50 Lawrence Livermore National Laboratory, Livermors, CA

3 Enkancing the Personal Computer with a 32 Bit Coprocessor 8
9:10  Beard, X. George, The 30M Corporation, Albuguerque, NM

4 Alternatives to FORTRAR Tor Use on Deskiop Microcomputers, S
9:30 D.F, Higgins, JAYCOR, Santa Barbara, CA

5 The Use of Spreadsheets and CGther Commercial Microcomputer 19
9:50 Programs as Scientific and Engimeering Toods, 0D.F. Higgins

and D.E.M. 0'Dean, JAYCOR, Santa Barbara, CA
10:10  Break
SESSION 101-18B HICROCOMPUTER APPLICATIONS
MONDAY, MAY 19, 10:40-12:0C Signal Processing, Expert Systems and CAD
EDUCATION CENTER, RO0X 101
Chairman: R.L. Hutchies
The BDE Corporation
Albuquerque, Mew Mexico

1 The Fast Fourier Transform (FFT) as Implemented on Personal 11
10:40  Computers, V.M. Tesche, LuTech, Inc., Lafayette, CA

2 Toolkit, R.J., Balestri and $.0. Frese, The BDM Cﬁrporation, 12
11:00  Albuquerque, NM

3 EMP Hardening Topoloqy Expert System {Hard Top}, M.A. Messier, 13
11:20  JAYCOR, Santa Barbara, CA

4 Using Computer-Aided Design {CADR) Techniques to Analyze HEMP 14

11:40 Couwpling into Aircraft, J. Dancz, R. Sutton, F. Varcolik and
0. Edelman, Science Applications International Corporation,
Mciean, VA



SESSI0K 103-1A& SIMULATION FACILITIES
HOHDAY, MAY 19, 8:30-10:10
EDUCATION CENVER, ROO® 1G3

Chairman: 8. Des Vergnes
Centre Essal des Landes {LEL),
France

1 A Fobile EMP Steiator [(MEWPS), J. Bertuchoz, NC-Laboratarium
8:30  Spiez, Spiez, Switzerland; and J.C. Gites, J.A. ¥eller, and
G.D. Sower, EG&G Washington Analytical Services Center, Inc.,
Albuguergue, HM

2 Prediction of Frequency Spectra for a Hybrid Type Sisulator

8:50 Imcluding the Effects of Reflection from 2 Layered Surface,
T. Ruedy, Consultant to EG&G Washington Analytical Services
Center, Inc., Uetendorf, Switzerland; and J. Doran, EG&G
Hashington Analytical Services lenter, In¢., Albuquergue, NM

3 Radiated Fialds from a Vertically Pelarized Dipole Antenna
8:10  Using ar lsproved PulserfAntenna Hodel, 5.D. Sower, £G&G
Hashington Analytical Services Center, Inc., Albuguerque, BM

4 EMPRESS 1] - A Program Overview, R.B. Jacobs ang
9:30  P.G. Johnson, EGEG Washington Analytical Services Centar,
Inc., Albuquerque, NM

5 Radiation Test Facilities at Harry Blamond Laboratories,
9:50  F.Jd, Agee and D. Davis, Harry Diamond Laborateries, Adelphi, HD

10:10 Break

SESSIOM 103-1B BIRECY BRIVE SIHULATIOR
KORDAY, KWAY 19, 10:40-12:90
EOUCATIOR CENTER, ROUM 103

Chatrman: H.G6. Harrison
Defense fuclear Agency
Kbuquerque, New Mexico

1 A Comparison of Free Field and Current Injection Induced
10:40  Transient Surface Current Density Waveforws, A.G. Montgomery,
The HITRE Corporation, Bedford, MA

2 A Low Cost Damped Sinewave Generator, B. Daniel and H.W. Gaul,
11700 Matornla, Inc,, Scottsdale, A7
3 Performance of Linear Amplifier Systems in Direct-Drive

11:20  Applicatiomss, A.J, Bonham, J.L. &ibson, and M.E, Gruchalla,
EG&G Washington Analytical Services Center, Inc., Albuguerque,
NM

4 Performance of Large Current Orivers, M.E. Gruchalla and
11:40 4.D. Sower, EGEG Washington Anatytical Services Center, Inc.,
Albuguarque, N¥
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SESSION 104-1 EXTERMAL INTERACTION
MONDAY, MAY 19, 8:30-12:00
EDUCATION CENTER, ROOM 104

Chairman: R.G. Joiner

i0:10

16740

11:00

11:20

11:40

Of fice of Maval Research
Washington, D.C.

Mralytic Extension of Frequency Domain Thin Wire Antenna
£MP Currents to a Three Dimensional Aircraft Hodel,

R.M. Sutton and 0.G. Edeiman, Science Applications
international Corporation, McLean, VA

fmerical Solution to Maxwell's Equations with Mor-Orthogonal
Grids, ¥,5. Yee, Lawrence Livermore National Laboratory,
Livermcre, CA

The Use of Transmission-line Modelling (TLM) in Externai
Iateraction Problems, C.S. Smerdon and J.M, Thomson, Royal
Aircraft Estabiishment, Farnborough Hants, UK; and

T.W. Armour, Kimberley Communications Consultants,
Nettingham, UK

Direct Time-Domain Calculation of the Radiated Fields Due to
Current Transients, D.E. Thomas and R.L. Hutchins, The BDM
Corporation, Albuquerque, NM

Coupling of a Plane Mave to a Square Metal Plate, L.F., Libelo
and F,5. Libelo, L and L Associates, Bethesda, MD; and
C.L. Andrews, State University of New York, Albany, NY

Break

A ¥odel to Predict the Electromagnetically Induced Currents
on a Cylinder Pius Single Wire, L.W. Jacobi, The MITRE
Corporation, Bedford, MA

Besponses of F-1068 to Simulated Electromagnetic Pulse (EMP),
fF.0. Yang and K.5.H. lee, Dikewood Division of Kaman Sciences
Corparaticn, Santa Monica, CA

Measurement Methods of Earth Systems Impedance at Lightining
and EMP Frequencies, F. Paladian and D, Le Fevre, les Cables
de Lyon - HF Division, Bezons, France

Elactromagnetic Coupling to Conductors with Helical Geometry,
G.L. Duerksen, ATAT Bell Laboratories, Holmdel, NJ
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SESSION 105-1 SUBSYSTEM HARDERING
HONDAY, MAY 19, 8:30-12:20
EDUCATION CENTER, ROOM 105

Chairman: 9¢. Parhami

10
12:00

TRY
Redondo Beach, California

A Hodel for Predicting the Surface Transfer Impedance of
Braided Cable, t.0. Hoeft, The BOM Corporation, Albuquergue,
NM

How Big a Hole is Allowable in a Shield - Theory and Experi-
ment, L.0, Hoeft, The BDM Corporation, Albuquerque, NM

Transfer lmpedance Heasurements on Aircraft Lables with
Gegraded Shields, P.J. Miller, TRH Defense Systems Group,
Albuguerque, NM

Effect of Removing Spring Fingers and the Wavy Hasher on the
Mzasured Transfer Impedance of a KIL-C-38999 Seeies IV
Connector, L.0. Hoeft and J.5. Hofstra, The BOM (orporation,
Albuguerque, NM

Increased Shielding from Two Layers of Cable Shields is
Greater than the Sum of the Parts, H.J. Wagnor and L.O. Hoeft,
The BDM Corporation, Albuquerque, NM

Break

Practical Considerations for Use of Multi-Element ¥onlinear
Terminal Protection Devices, T.J. Swift, £.F, Vance, and
JoM. Hamm, SRI International, Menlo Park, CA

Zinc Oxide Yaristor Development, (. Kirsten, Dikewood Division
of Kaman Sciences Corporation, Santz Monica, CA

Metal Oxide Varistor Burn-Im, D.H, Hilland, Air Force Weapons
Laboratory, Kirtland AFB, NM

In-Sity Characterization of Linear and Mon-Linear Terminal
Protection Devices Using Time and Frequency Domain Techaiques,
L,0. Hoeft and J.S. Hofstra, The BOM Corporation, Albuguerque,
NM

The Conrector Pin Varistor, 6. Dumais and S. Korn, General
Electric Company, Syracuse, NY

i-7
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SESSION 101-2A MICROCOMPUTER APPLICATIONS
MOMDAY, MAY 19, 1:30-3:10 Electromagnetic Modeling
EDUCATION CENTER, ROOM 101

Chatrman: E£.K. #illepr
University of Kansas
Lawrence, Kansas

1 The Development of M.A.C.E. - A Microcomputer Assisted EMP
1:30 Coupling Estimator, 0.F. Higgins and D.E.M. O'Cean, JAYCOR,
Tanta Barbara, CA

2 Guidelines Tor the Use of a Micro-Computer for Hodeling and
1:50 Qata Analysis, $.D. Frese, The BDM Corporaticn, Albuquerque,
B

3 E¥P Coupling Calculations Using ®Hicro-Cosputer, 5.0. Frese,
2:10  The BDM Corporation, Albuquerque, MM

4 Corona Modeling on a Personal Computer, L. Baker, Mission
2:30  Research Corporation, Albuquergue, MM

5 The SGEWP Interactive Model: Systes-Level Cable SGEW
2:50 Apalysis on a Bicrocomputer, E.M. Dressel, The BDM
Corporation, Albuquerque, NM

3110 Break
SESSION 101-28 MICROCOMPUTER APPLICATIONS
HONDAY, MAY 19, 3:40-4:20 Circuit Analysis

EBUCATION CENTER, ROOM 101
Chairman: R.L. Hutehins
The BOM Corporation
Albugquerque, Mew Mexico

1 Hicrocomputer Aided Circuit Analysis - The Pras and Cons,
3:40 C.E. Christmann, The BDM Corporation, Albuquerqgue, NM

4 Application of a Parsonal Computer in Perforwing Time Domain

4:G0  Analysis, M.L. LaGrassa, The BOM Corporation. Albuguergue, NM

Page
43
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SESSI0M 1Gi-2C HMICROCOMPUTER APPLICATIONS FOR EHp
HOMDAY, MAY 19, 4:20-%:30 fanel Discussion
EDUCATION CERTER, ROOM 101

This panel will discuss the role ard utility of microcomputers for EMP design
and analysis.

TOPILS: Capabilities and Limitations
Hardware and Software
Micros versus Minis and Mainframes
Increased Efficiency or a Time Sink
Increased Technical Literacy versus Barbage In/Garbage Qut

Chaipman: R.b. Hutching, The BDM Corporation

Panelists: D.F, Higgins, JAYCOR
E.K. Willer, University of Kansas
F.¥. Tesche, LuTech, Inc.



SESSION 103-2 SUBSYSTEM HARDENIRNG
HONDAY, MAY 19, 1:30-4:40C
EDUCATION CEMTER, ROO# 103

Chairman: 0. Mclemore
¥aman Sciences Corporation
Colorado Springs, Colorado

1 In-situ TACAMD Filter Testing Using Drive Point Impedance
1:30 Measuremerts, B.J.J. 0'Bannon, Rockwell Interpational,
Anaheim, Ch

2 Aptomated Switching for Direct Pin Drive Testing,
1:50  A.J. Bonham, J. Gibson, and M.E. Gruchalla, EGAG Washington
Analytical Services Lenter, Inc.., Albuquerque, MM

3 E¥P Pin Injection Stiress Testing in a Production Environment,
2:10 R.W, Stewart, A.P. Trippe, and J.L. Knighten, IRT Corporation,
San Diego, CA

4 Shielding, Wiring, & Grounding for Optimse EMI & EXP
2:30 Protection, L, West, J. Pagliuca, and J. Luchini, Raytheon,
Sudbury, MA

5 Cable Shielding vs. [/0 E¥ Hardening, A Trade-Study,
2:50  J. Pagliuca, L. West, J. Luchini, and F. Marcum, Raytheon,
Sudbury, MA

3110 Break

[ "Robust™ M Hardening of EIA Standard I/0 Circuits and
3:40 Constraints on Data Rates & Lime Lengths, J. Luchini and
L. West, Raytheon, Sudbury, MA

7 An EMP Upset Yerificatiom Test Methodology, R.J. Hanson, dr.,
4:00 Dikewood Division of Kaman Sciences Corporation,
Albuquerque, NM

3 Upset Testing Methedology for Electronic Systems Hhich

4:20  Uritize the MIL-STD-15538 Data Bus, D,¥. Ritt and
J.M, Brooke, Mission Research Corporation, Colorado Springs,
C0; and W. Prather and G. Rimbert, Air Force Weapons
Laboratory, Kirtland AFB, MM

i-10



SESSIOR 104-2 HEMP IHTERACTION WITH OVERHEAD POWER LIKES
HONDAY, RAY 19, 1:30-5:20
EDUCATION CERTER, ROOK 104

Chairmen: K.S5.H, Lee
Kaman Sciences Corp., Dikewood Division
Santa Monica, California

Page
i EMP Response of Overhead Trassmission Lines, D.P. Millard 58
1130 and A.P. Sakis Meliopoulos, Georgia Institute of Technology,
Atlanta, GA
2 HEMP? Interaction with an Electric Power Bistribution Cirveuit, 59
1:50 H.W, Zaininger, Zaininger Engineering Company, San Jose, CA
3 HEMP-Induced Transients in Transmission and Distribution 80
2:10  {7&D} Lines, N, Engheta, K.S.H. Lee, F.C, Yang, and
R. Aguero, Dikewood Division of Kaman Sciences Corporation,
Santa Monica, CA
4 #ultiple Paraliel Wires Above a Finitely Conducting Plane 61
2:30  Earth in the Presence of a Plame Have {EWP), H.P. Neff, Jr.
and D.A. Reed, University of Tennessee, Knoxville, TN
5 EM¥-Enduced Currents on Hire Above Ground, Lars Jonsson, 52
2:580  TEFKON, V.Frolunda, Sweden
3:10  Break
6 EM® Coupiing on Overhead Cables Revisted, D.C. Agouridis, £3
3:40 Qak Ridge National Laberatory, Dak Ridge, TH
7 The Response of Above-Ground Lines to Transient Electromag- 64
4:00 nmetic Field Excitation, F.M. Tesche, tuTech, Inc., Lafayette,
CA
8 On the Front-of-Have of EMP Induced Power lLine Surges, 65
4:20  P.R, Barnes, (ak Ridge National Laboratory, Cak Ridge, TM
3 Effect of Corona on the Response of Infinite-length 66
4:40  Transeission Lines to [acident Piame Waves, C.E. Baum,
Air Force Weapons taboratory, Kirtland AFB, NM
10 An Experiment to Determine the Effects of Coronz on the EMP 67

5:00 Response of a Conducting Line, J.P. Blanchard, LuTech, Inc.,
Lafayette, CA

i-11



SESSION 105-2 SENSORS AND DATA PROCESSING
HMOMDAY, MAY 19, 1:30-5:20
EDUCATION CENTER, ROOH 105

Chairman: G, Sower

5:00

EGRG
Albuguerque, Mew Hexico

A ¥Hde Bandwidth Electric Field Sensor for Lossy Media,
T.M., Flanagar, JAYCOR, San Diego, CA; and C.E. Baum, Air
Force Weapons Laboratory, Kirtland AFB, NM

An Automated Measurement Probe Yerification System {PVYS),
J. GCafferky, EG&G Hashington Anaiytical Services Center,
inc,, Albuquerque, NM

Processing, Evaluation and Analysis of the Magnetic Field
Data Acquired by the F 106-B Mose Boom Sensor, D.V. Giri,
Pro-Tach, Berkeley, CA; and S.H. Sands, LuTech, Irc.,
Lafayette, CA

Effects of Aircraft Interaction on Performance of B-Dot
Sensor for Delta-Hing and Cargo-Type Aircraft, VY.Y. Liepa,
The University of Michigan, Ann Arbor, MI; and B. Kuhiman and
A. Serano, Technology/Scientific Services, Inc., Dayton, OH

Recent Fiber Optic Data Link Develepments, J, Eberly and
J.R.R, Presstey, EG&G Washington Analytical Services Center,
Inc., Albuguerque, NM

Break

Some Issues on F-106 Bata Corrections: Data Compensation
and Moise, F. Wong, Dikewood Division of Kaman Sciences
Corporation, Santa Monica, CA

Retrieval of Time Domein Pulse from Magnitude Spectrum in E¥P
Flowdown Analysis, W.K, Choi ard R, Stewart, IRT Corporation,
San Hago, CA

A Bovel Technique of Preprocessing Noisy Data for a Prony
Analysis, S. Giles and C.0. Taylor, Mississippi State
University, Mississippi State, MS; F.C. McCloskey, TRW
Defense Systems Group, Albuguerque, NM; and E. Harper, Air
Force Weapons Laboratory, Kirtiand AFB, NM

Transient Instrumentation Correction, R.J. Balestri, The BOM
Corporation, Albuguergue, NM

Evaluation of Data Ervors Introduced by Moise, Sampling Rates

and Composite Waveforms, D.]. Lawrey and C.0. Taylor, Air
Force Weapons Laboratory, Kirtland AFB, RM

i-12
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SESSIOK 101-3 HEW EMP PROGRAXS
TUESDAY, MAY 20, 8:30-12:00
EDUCATION CERTER, ROOM 101

After & brief presentation by the panelists concerning EMP requirements of
their country or organization, the session will be open for comments and
discussion by all attendees.

Chairman: D. Giri
Pro-Tech and University of California/Berkeley

Panelists: P, Agaard, Posts and Telegraphs, Denmark

G.K. Deb, Defence Research and Development
Organization, India.

D. Hansen, Brown, Boveri and Company,
Switzeriand

J. Quinn, Department of Defence, Australia

2. Young, Defense Research fstablishment,
Canada



SESSION 103-3 ASSESSHENT OF £#P EFFECTS ON POMER SYSTEMS
TUESDAY, MAY 20, 8:30-12:20
EDUCATION CENTER, ROOH 103

Chairman: P.R. Barnes
Oak Ridge Matiocnal Laboratory
Cak Ridge, Tennessea

Page

1 A Methodology to Assess the Effects of EMP on Civilian 78
8:30 FElectric Power Systems, J.R. Legro, Westinghouse Electric
Corporation, Pittsburgh, PA

2 Simulated MHD-EMP Interaction With an Electric Power System, 79
B8:50 J.C. Crouse and 6.B, Rackliffe, Westinghouse Electric
Coerporation, Pittsburgh, PA

k) EMP Experimental Tests on Large Electric Power Apparatus, 80
9:10 E.R, Taylor, Jr. and Dr. J.C. Crouse, Westinghouse Electric
Corporation, Pittsburgh, PA

4 Assess the Impact of Steep Froat, Short Duration Iepulse 81
9:30  on Power System Insulation--A Review of Progress to Date,

8.%, McConnell, Qak Ridge Mational Laboratory, Cak Ridge, TN;

and L.M. Burrage, McGraw-Edison Power Systems, Milwaukee, Wi

5 Effect of Early Time HEMP on Power Eguipment--An Initial 82
9:50 Ewaluation, A.R. Hileman, Westinghouse Electric Corporation,
Pittsburgh, PA; and F.M. Tesche, LuTech, Incorporated,
lafayette, CA

10:10  Break

6 Mnalysis of Transient Electromagnetic Fields in Commercial 83
10:40  Power Substations, C.M, Wiggins, D.E. Thomas, and
R.L. Hutchins, The BDM Corporation, Albuquerque, MM

EMP Effect on the Electronic Equipment of a HY Substation, 84
11:00  Ph. Blech and M. lanovici, Federal Institute of Technology,
Lausanne, Switzeriand

8 Uncommon Devices to Protect Facilities from Yery High Level a5
11:20  Transients Induced on Power Line by Lightning or EMP,
G. Perroton, Aerospatiale, france

9 Are There Blackouts ia Our Future?, H.W. Colborn, North 86
11:40  American Electric Reliability Cowncil, Princeton, NJ

10 Pulse Injection on a Power Plant, 0. Borgefalk, The 87
12:00 National Defence Research Institute, Linkoping, Sweden



SESSION 104-3 SEM: EMPHASIS OH DATA ANALYSIS
TUESDAY, MAY 20, 8:30-12:00
EDUCATIOR CENTER, ROCH 104

Chairman: HM.L. Van Blaricum
General Research {orporation
Santa Barbara, Catifornia

1 Historical Summary of Resonance Extraction in General and
8:30 Prony's Method in Particular, M.L. Van Blaricum, General
Research Corporation, Santa Barbara, CA

2 Yse of Complex Demodulation in Analyzing Damped Sine Wave
8:50 Responses, H.V. Davis, 1il, JAYCOR, Albuquergue, NM

3 Signal Processing and Analysis of F-1068 Simulated ENP
9:10  Data, D.G. Dudley, University of Arizona, Tucson, AZ

4 SEM Characterization of Thin-Hire Planar Symmetric Single
9:30  Junction H-Arm Elements, L.5. Riggs and T.H. Shumpert,
Auburn University, Auburn, AL

5 & Priori Application of Results of Electremagnetic Theory
9:50 to the Analysis of Electromagnetic Interaction Data,
C.E, Baum, Air Force Weapons Laboratory, Kirtland AFH, NM

10:10  Break

[ ¥umerical Methods of Noise Reduction for Frequency Domain
10:40  SEM, T.M. Willis and D.A. Ksienski, The University of
Michigan, Ann Arbor, MI

7 Identification of Transient Electromagnetic Systems Using
11:00  Kultiple Aspect Angle Data, D.G. Dudley, University of
Arizona, Tucson, AZ

8 Improved Estimation of SEM Parameters from Multiple
11:20 Heasurements, S, Park, Auburn University, Auburn, AL; and
J.T. Cordaro, Sandia National Laboratories, Aibuquerque, NM

9 Generalized SEM/Prony Signal Analysis for EWP Data with
11:40  Time-Delay Thresholds, J.W. Dash, AT&T Bell Laboratories,
Holmdel, NJ

Page
88
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40
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92
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94

35



SESSION 105-3 HMICROCOMPUTER DEMOHSTRATIONS
TUESDAY, MAY 20, 8:30-12:00
EDUCATION CENTER, ROOM 105

Crganizer: R,L. Hutchins

The BDH Corporation
Albuquerque, Mew ¥exico
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SESSIOH 101-4 EMP ARD ELECTRIC POMER SYSTEMS: PANEL DESCUSSIOR
TUESDAY, KAY 20, 1:30-4:00
EDUCATIOK CEKTER, ROOM 101

The Department of Energy (DoE} is sponsoring a research program to
assess the impact of EMP on electric power systems. This program is
attempting to develop appropriate hardware and procedures for enhancing the
reliability of electric power systems subject to EMP environments. The
assessments will also be used to develop procedures for fast restoration of
powar in the event of EMP caused ocutages. The following questions will be
addressed:

- Given the complexity of the electric power system, is it feasibie to
perform an  assessment which will develop appropriate hardware and
procedures for limiting damage to critical compenents?  For enhancing
restoration? Why or why not?

- In either case, what actions are appropriate for limiting damage to
critical components of the power systems? 1Is it appropriate to take such
actions or should a do nothing attitude be the preferred approach?

- Should there be additional studies ¢o assess the impact of EMP on
comminications and data systems? On other large networks?

Chairman: B.W. #cConnell, Oak Ridge National
Laboratary

Panelists: W. Colborn, NERC

J. Karzas, RED Associates

J. Reed, Westinghouse

f. Vance, EMP Consultant

R. Volska, WEPCO

. Wik, FMV, Sweden



SESSION 103-2 SIMBLATICN
TUESDAY, MAY 20, 1:30-4:20
EDUCATION CENTER, ROOM 103

Chairman: T. Ruedy
Armament Techaology and Procurement Group
Spiez, Switzeriand

1 Theoretical Considerations for Optimal Positioaing of

1:30 Peaking Capacitor Arms about a Marx Generatoer Parallel to
a Ground Plane, 0.Y. Giri, Pro-Tech, Berkeley, CA; and
C.E. Baum, Air Force Weapons Laboratory, Kirtland AFB, WM

2 Field-Containing Iaductors, Y.-G. Chen, 5. tloyd, and

1:50 R. Crumley, Waxwell Laboratories, Inc., San Diego, CA;
C.E. Baum, Air Force Weapons Laboratory, Kirtland AFB, NM;
and D.V. Gird, Pro-Tech, Berkeley, CA

3 The Distributed Switch for Launching Spherical Haves,
2:10 C.E, Baum, Air Force Weapons Laboratory, Kirtland AFB, NM;
and D.V. Giri, Pro-Tech, Berkeley, CA

4 The Yearby TEM Horn as a Source of Pulsed Electromagnetic
2:30  Fields, Y.B. Passin, The MITRE Corporation, Bedford, MA

5 A Low-Cost Huclear TEM® Field Simulator, H.W. Gaul and
2:50 N, Miiler, Motorola, Inc., Scottsdale, AZ

3:10  Break

6 Scale Model Electromagnetic Pulise Simulation Facility,
3:4%t  T.B, Passin, The MITRE Corporation, Bedford, MA

7 An Injactiom Technique for Predicting Coupling, R.J. King

4:00  and H.G. Hudson, Lawrence Livermore National Laboratory,
Livermore, CA

i-18
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SESSIOR 104-4 RESPOKSE OF ELECTRONIC PARTS
TUESDAY, MAY 20, 1:30-4:40
EDUCATION CEXTER, ROOM 104

Chairman: T. Flanagan
JRYCOR
San Diego, California

Page

] Comparison between Calculated and Measured Forward and 104
1:30 Reverse Curvent-¥Yoltage Characteristics of Semiconductor

Junctions, A.L. Ward and J.M. Stetlato, Harry Diamond

Laboratories, Adelphi, MD
2 Lessons learned from Hajor System Black Box Analyses, 105
1:50 R. Foflygen, The BOM Corporation, Albuquergue, NM
3 Effect of Yariation in Compenent Damage (onstants on EMP 106

2:10  Circelt Threshold Distributions, C.A. Irby, The BDM
Corporation, Albuquerque, NM

4 Kn Hypothesis on EWP Failure Threshold Test Data (Empirical} 107
2:30 Disteibutions, R. Mason, [RT Corporation, San Diego, CA; and
H.T. Davis, ITI, JAYCOR, Albuguerque, NM

5 An Application of Robust and Exploratory Data Analysis to 108
2:50 EWP Component Failure Data, R. Mason, IRT Corporation, San
Diego, CA; and H.T. Davis, I[II, JAYCOR, Albuquerque, NM

3:10  Break
6 Kicrowave and BC Pulse Failure Mpdeling, W.J. Orvis and 109
3:40 J.H. Yee, Lawrence Livermore National Laboratory,
Livermore, CA
7 Micrimave and DC Pulse Experimental Data for the 1N4148 110
4:00 Diode, C. McConaghy, Lawrence Livermore National Laboratory,
Livermore, CA

] MILSTAR i/0 Parts: EMP Damage Yest Resulis, J. Pagliuca, 111
4:20  F, Marcum, &. Luchini, and L. West, Raytheon, Sudbury, MA

i-19



SESSION 105-4 HMICROCOMPUTER DEMOMSTRATIONS

TUESDAY, MAY 20, 1:30-5:00
EDUCATION CENTER, ROOM 105

Organizer: f.1L. Hutching

The BDH Corporation
Albuquerque, Mew Mexice

i-20



SESSION 101-6 EM® ENYIRORREKTS & SOURCE-REGION TFFECYS
EEBHESDAY, KAY 21, 1:30-2:10
EDUCATION CENTER, ROOM 101

Chairman: W.A. Hadasky
Hatatech
Goleta, California

Page
1 Development of a Two Dimensional GLARC Code, 112
1:30  W.R. Zimmerman, Mission Research Corporation,
Albuquerque, NM
2 URSI Factual Statement on Muclear Electromagnetic 113

1:50 Pulse (EMP) and Associated Effects, M. Wik, W.R. Stone,
B. Gjessing, F. Lefeuvre, P.0. Lundbom, V. Migulin,
S. Schwartz, and F.L. Stumper, FMV, Electronics Directorate,
Stockholm, Sweden



SESSION 103-6 HARDHESS SURYEILLAMCE /MATNTENANCE
WEDNESDAY, MAY 21, 1:30-5:28
EDUCATION CENTER, ROCM 103

Chairman: W. Brummer

10
5:00

Air Force Heapons Laboratory
Kirtland AFB, ¥ew Mexico

Aircraft Alerting Commnication EMP {AACE} Upgrade
Hardnaess Surveillance, M,A, Dinallo, The B0M Corporation,
Albuquerque, N

In-the-Field Hardness Surveillance Test Techniques and
Results, M,A. Dirallo, The BDM Corporation, Albuguergue, NM

TACARD Surveillanca Program Results, G.W, Bechtald, Naval
Surface Weapons Center, White Oak, MD

Pulse Sniffer System - A Way to Detect Hardening Degradations,

R.N. Rancourt, The MITRE Corporation, Bedford, MA

Development of 2 Cabie Shield Tester for In-Situ Mardness
Survailiance of Aircraft Cables, L.0. Hoeft, The BOM
Corporation, Albuquerque, NM; and P.J. Miller, TRW Defense
Systems Group, Albuguergque, NM

Break

Proposed Birect Urive Technique for Aircraft Hardness
Surveillance, L.0. Hoeft, The BOM Corporation, Albuguerque,
NM

Aircraft Alerting Commnications EMP (AACE) Upgrade Hardness
HMaintenance (HM), M.A. Dinallo, The BOM Corparation,
Albuquerque, NM

Huclear Survivability (Mardness} Assurance, Haintenance and
Surveillance {HAMS), M.A. Dinailo, The 8DM Corporation,
Albuquerque, NM

Portable EMP Test Set for Hardness Assuredness and
#Maintenznce Testing, B.R. Tolmie, Joslyn Defense Systems,
Inc., Shelburne, VT

Shield Room HAMS {Hardness Assurance Monitoring System),
8.J.J. G'Bannon, Rockwell Internatienal, Araheim, CA
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SESSIOR 104-6 TRAKSMISSION-LIRE KETWORKS
WEDHESDAY, MAY 21, 1:30-4:20
EDUCATION CERTER, ROOH 104

Chairman: P. Johns
thiversity of Rottingham
England

Page

1 Shielded Multiconductor Cable Coupling Phenomena, 124
1:30 B, Djebari and P. Paulet, CNET, Lannion, France

2 Measured Crosstalk of #ulticonductor Cables that Use a 125
1:50 Single Connection to the Reference Plane, L..0. Hoeft and
J.§. Hofstra, The BDM Corporation, Albuquerque, NM

3 HEE® Coupling to Extended Hetworks of Bulticonductor i26
z:i0  Cables, J.W, Erler, J.E. Tigner, and R.W. Sutton,
Science Applications Internatienal Corporation, Mclean, VA

4 Effect of the &rounding of the Reference Conductor on 127
2:3G  Shielding Effectivenass of 2 Mulii-Conductor Shielded

Line, B. Demoulin, S. E1 Assad, and P. Degaugue,

Lille University, France

5 Wire-To-Buik Current HMeasurements on & Wulticonductor 128
2:80  Cable, J., Steii, Air Force Weapons Laboratory, Kirtland
AFB, NM: and P. Knupp, Dikewcod Divisiorn of Kaman Sciences
Corporation, Albuquergue, HM

3:10  Break

6 A Algorithe for Cbtaining EMP-Induced Transients in Buried 128
3:40 {ables, D.C. Agouridis and M,E. Buchanan, Qak Ridge MNational
Laboratory, Gak Ridge, TH

7 Analysis of Electromagnetic Pulse Coupling to SQUIBS, 130
4:00 G.X. Deb, X.M. Sahebu, and 0.{. Pande, India Ministry
of Dafeace, Bangalore, India



SESSION 105-6 PROBABILITY ISSUES AND HARDMESS VERIFICATION

HEDNESDAY, MAY 21, 1:30-2:10
EDUCATION CEMTER, ROOM 105

Chairman: J. Locasso
Rockwell Iaternational
Anaheim, California

Page
1 Statistics for Electromagnetic Pulse Amalyses, R. Femenias 131
1:30  and R. Garver, Harry Diamond Laboratories, Adelphi, MD; and
4, Kirshner, University of Maryland, College Park, MD
2 Yariational Study of Box Wardening Assessment, H.T. Davis, 132

1:50  JAYCOR, Albuguerque, NM
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SESSIOK 101-7A LIGHTNING
THURSDAY, MAY 22, 8:30-10:10
EDUCATION CERTER, ROOM 101

Chairman: J.E. Ranevicz
SRI Internationail
Menlo Park, California

. Page
1 Subwicrosecond Structure of Lightning Return Stroke Flelds, 133
8:30 E.P. Krider, University of Arizona, Tucson, AZ;
C. Leteinturier, CMET MER/GER, Larnion, France; and
J.C. Willett, Navai Research Laboratery, Washimgtor, D.C.

2 A Comparison of Caleulated and Beasured Values of the Optical 134
8:50 Radiance of a Lightning Channel, A.H. Paxton, R.L. Gardner,
and L. Baker, Mission Research Corporation, Albuquerque, NM;
W. Rison, New Mexico Institute of Mining and Technology,
Socorro, NM; and C.E. Baum, Air Force Weapons Laboratory,
Kirtland AFB, NM

3 Lightning Modeling: Breakdown, Charge, and Charge Density, 135
§:16  J.G. Smith, Southern I1iinois University, Carbondale, IL
4 Fundamental Investigations of THS #gplication for falculation 136

§:30  of Lightning-Induced Voltages, T. Moritaz, M. Naka31ma, and
M. Tsozaki, Fuji Electric, Kawasaki, Japan

5 Current and Voltage lnduced on an Aerial Telecosmmunication 137
§:50 Cable by a lLightning Discharge, A. leddam and J.Y. Lajou,
CNET, Lannion, France; and P, Degaugue, Lille University,
France

10:10 Break

SESSIOR 1C1-78 LIGHTRING: PANEL DISCUSSIOH
TRURSDAY, MAY 22, 10:40-12:00
EDUCATION CENTER, ROOM 101

The panel discussion on lightning will include descriptions of the state of
the art in the foilowing research areas: measurement of electromagnetic
parametrs of lightning, wmodeling of stroke currents and radiated fields,
simulation of Tightning for aircraft testing, comparisons of lightning and EMP
effects on systems, unification of specifications and standards for lightning
and EMP, and measurement of responses of aircraft in flight to Yightning
environment.

Chairman: J.E. Nanevicz, SRI International

Panelists: R. Gardner, Mission Research Corporation
C, Moore, New Mexico Institute of Technology
S. Schneider, Boeing Aerospace
J. Taillet, ONERA
M. Uman, University of Florida
E. Vance, SRl International
L. Walko, USAF, WPAFB



SESSICH 103-7 BOUMDED WMAVE SIMULATORS

THURSDAY, MAY 22, 8:30-10:10
EDUCATION CENTER, ROGM 103

Chatrman: HW. Petily
Harry Diamond Laboratories
Adelpii, Maryland

1 Mew Concept of the Terminationm of a Bounded Have EMP
8:30 Sisulator, T. Karisson, The Swedish Mational Defence
Research Institute, Linkoping, Sweden

2 Besign of Yariable-Height Large Mire WEMP-Simulator
8:50 Antennas, 3.D. Popovic and A.G. Fotev, University of

Belgrade, Belgrade, Yugoslavi

3 Gptimal Besign of Qutdoor TER Hire REMP-Simulator Antenma,
9:10 B.D. Popovic and A.R. Djordjevic, Untversity of Belgrade,

Belgrade, Yugoslavia

4 Mmerica] Eveluation of the Field Inside and Quiside of HEWP
9:30 Simulator Wire Antennas, A.R. Djordjevic and B.D. Popovic,
University of Belgrade, Belgrade, Yugoslavia

5 M Field Heasurements ¥ear a Parallel Plate Simulator,
9:56¢  B. Djebari, CNET, Lannion, France; and P, Morin, ETCA,

Arcueil, France

a

Page
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SESSION 104-7 IHTERNAL THTERACTION
THURSDAY, MAY 22, 8:30-10:30
EDUCATION CERTER, RODM 104

Chairman: K.F. Casey
JAYCOR
Fremont , California

Page
1 Isprovemants to the SEXCE Coupling Hodel of Interior Wire 143
8:30 Responses, K.S. Kunz, H.G. Hudson, J.K. Breakall, R.J. King,
and R.W, Zilokowski, Lawrence Livermore Rational Laboratory,
Livermore, CA
2 Caleulation of Rebar Attenvation and EMP Induced Transients 144
8:50 Inside Rebar Enclosures, N. Esser, E.H. Brebm, and R. Geradt,
Brown Boveri & C1E AG, Mannheim, West Germany
3 The Use of Transmission-Lise Modelling (ViH) in internal 14%
9:10  Interaction Probless, P. Maylor, C. Christopouloes, and
2.8, Johns, University of Hottingham, MNottingham, UK
4 Electromagnetic Field Distribution and Frequency Resporse 146
9:30 for EMP fxcitation of an S5-Z80 EMF Shelter, R.5. Collier,
P.B. Papazrian, P.H. McKenna, and R.A, Perala, Electro Kagnetic
Appiications, Inc,, Denver, CO
5 Effects of Dielectric Loading on Resonances in the Concemtric 147

9:50  Spherical Cavity, L.F. Libelo and G.E. Pisane, Harry Diamond
Laboratories, Adelphi, WMD; and R.W. Ziolkowski, Lawrence
Livermore National Laboratoery, Livermore, CA

6 Experimental Studies in £H Couplimg Through Apertures, 5lits 148
10110 and Seasms, S5.V. Pennock, H.G. Hudsen, R.J. King, K.5. Kunz,
and A.P. Lugwigsen, Lawrence Livermore National Laboratory,
Livermore, CA

j-27



SESSION 105-7 SYSTEM HARDENIRG
THURSDAY, MAY 22, 8:30-11:20
EDUCATION CENTER, ROOM 105

Chairman: M. ¥ik

10:10

10:40

7
11:00

Forsvarets Materielverk
Stockholm, Sweden

Considerations for a HEMP System-level Figure of Merit,
E.F. Vance and J.E. Casper, SRI International, Menlo Park, CA

EM¥P Test of Fast Patrol Boats, K.L. Grénhaug, Norwegian
Defence Research Establishment, Kjeller, Norway

Measurement of Seam Impedances of Tactical Shelters for
Threat Level BEMP Simslation, P.B. Papazian, R.A. Peraia,
C.E. Easterbook, and P.M, McKenna, £lectro Magnetic
Applications, Inc., Denver, CO

Calculated Internal Response of An Arc-Sprayed Zinc Shelter,
R.S, £ollier, T. Rudolph, and R.A, Perala, Electro Magnetic
Apnlications, Inc., Denver, CQ

The Case for Identifying Contact Impedance as the Major
flectromagnetic Hardness Degradation Factor?, L.0. Hoeft
and J.S. Hofstra, The BOM Corporation, Albuquerque, KM

Break

A Simple Theory for Predicting the Electromagnelic
Performance of Enclosures Using Impedance and Polarizability
HMeasurements, L.0, Hoeft and J.S5. Hofstra, The BDM
Corporation, Albuquergue, HM

On Grounding - Practical Procedures Based on Electromagnetic

Theory, T. Karlssen, The Swedish Mational Defense Research
Institute, Linkoping, Sweden

i~28
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SESSION 101-8& STARDARDS & SPECIFICATIONS (CORT'D)
THURSDAY, MAY 22, 1:30-2:10
EDUCATEOK CEKTER, ROOM 101

Chairman: 4. Prather
&ir Force Weapons baboratory
Kirtland AFB, #ew Mexico

Page
1 Bititery Alroraft Subsystem Standards Develomment, 156
;30 H.M. McClendon and J.C. Zentner, Air Force Aercnautical
Systems Divisign, Wright-Patterson AFB, OH
2 forralation of MIL-STD~285 Measurements, Seam Transfer 157

1:50 Impedance and EMF Shielding Effectiveness, J.R, E11iott,
T. Rudolph, S.iL. Parker, R.A. Perala, and P.M. McKenna,
fiectro Magnetic Applications, Inc., Denver, (0

SESSION 101-88 STRHDARDS & SPECIFICATIONS: PANEL
THURSBAY, WAY 22, 3:40-5:00
EDUCATION CERTER, ROOM 101

OBJECTIVES: Provide forum for discussion of subjects pertinent to
Specifications and Standards:

- Status of Current Programs

« Standards & Specifications Systems Applications
Allocation

- Relation to EWI/EMC, lightning and TEMPEST
Standards and Specifications

- Yerification Procedures, Technigues

= Special Weeds, Direction for Future Research

Chaifman:  J.P. Castille, RED Associates

Panelists: D. Baseley, Aeronautical Systems Division
J. Bishop, RAE, United Kingdom
0, Butts, Joint Chiefs of Staff

B. Cikotas, Defense Communications Agency

L. Marin, Xaman Sciences, Dikewood Division

G. Horgan, Rockwell Internstional

W. Petty, Harry Diamond Eaboratories

Maj, #, Hoke, Defense Muclear Agency

H. Prather, Air Force Weapons Laboratory

H. Smith, USH

E.F. Vance, SRl Internationad



SESSION 103-8 DATA ACQUISITION
THURSDAY, MAY 22, 1:30-3:30
EDUCATION CENYER, ROOM 103

Chairman: V.Y, Liepa

The tniversity of Michigan
ann Arbor, HMichigan

A Practical, High-Reliability EMP Detector System,

C.E, Baum and J.P. 0'Nefll, Air Force Weapons Laboratory,
Kirtland AFB, NM; and M.E. Gruchalla and G.D. Sower,
EGEG Washington Analytical Services Center, Inc.,
Albuguerque, NM

¥odular Gata Systee (KDS), G.5. Lu, Air Force Weapons
Laboratory, Xirtlapd AFB, NH

Telemstry Contral System (TCS) - Highly Automated Data
Acguisition Approach, A.J. Bonham, J. Cafferky, V. Framklin,
and D. Tangman, EGRG Washington Analytical Services Center,
Inc., Atbuquerque, NM

Electromagnetic Laboratories and ¥easursment Techniques for
Coupling Phenomenclogy, R.J. King, A.P. Ludwigsen,

H,G. Hudson, and D.M. Wythe, Lawrence Livermore National
Laboratory, Livermore, CA

Recent Developments in Astomated Continuous Mave [1lwmmination
Test Systems, B. Gage and £. Merewether, Science Engineering
Agplicatiens, Iac., Albuguerque, NM; and J. Bridge,

T. Franklin, A, Holladay, ?.Q. Lindsey, E.L, Shoemate, and
D.R. Wood, EG&G Washington Analytical Services Center, Inc.,
Albuguerque, NM

Integrated Software for EMP Test Planning, Bata Acquisitien,
and Data Apalysis: A Program Overview, T. Franklin,

A. Holladay, L. Jones, P.G. Lindsey, R. Staggs, D. Tangman,
and D.R. Wood, EGA&G Washington Analytical Services Center,
Inc., Albuquerque, NM
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SESSION 104-8 APERTURES
THURSDAY, HAY 22, 1:30-4:40
EBUCATION CEXTER, RGCH 104

Chairman: R.J. King

Lawerence Livermore Hational Laboratory
Livermore, Califernia

fxperimental and Theoretical Technigues for Determining
Coupling Through Apertures in Cylinders, D.H, Metzger,
R.®, Seqga, J.D. Horgard, and P.E. Bussey, University of
Colorado, Colorado Springs, CO

TH Transmission through Dietectric Filled Slots in
Conducting Cylinders of Arbitrary Cross Section,

£. Arvas, Rochester Institute of Technology, Rochester,
NY; and T.K. Sarkar, Syracuse University, Syracuse, NY

Near Field Coupling of Electromagnetic Pulse te Cables from
Circuiar Agertures, 5.K. Deb, K.H. Sabebe, and P.S. Kumar,
India Ministry of Defence, Bangalore, India

Kear-Field Coupling to Loaded Hires Behind Slots,
R.A. Brown, SRI Internationatl, Menlc Park, CA;

£.0. Taylor, Mississippi State University, Mississippi
State, MS; and J.M., Hamm, SRI International Regional
Office, Albuguerque, NM

The Effects of Cavity Fill and Dielectric Apertures on
Wicrowave Coupling, A.P. Ludwigsen, R.J. King, K.5. Kunz,
S.T. Pennock, and H.G. Hudson, Lawrence Livermore National
Laboratory, Livermore, CA

Break

Frequency Dependent Magnetic Field Attenuation by 2
Metzilic Cylindrical Chimmey Aperture, D.A. Pearson and
W.X. Choi, IRT Corporation, San Diego, CA

Scattering from an Open Spehrical Shell Having a Circular
Aperture and Enclosing a Metallic or [Helectric Sphere,
R.W. Ziolkowski and O.M. Peplinski, lLawrence Livermore
National Laboratory, Livermore, CA; and L.F. Libelo, Harry
Diamgnd Laboratories, hdelphi, MD

Rumerical Simulation of Nom-Linear Coupling of Intense
Hicrowave Pulse through Apertures, D.J. Mayhall, 5.L. Ray,
J.H. Yee, N.K. Madsen, and R.W. ZioTkowski, lawrence
Livermore National Laboratory, Livermore, CA
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A Survey of Inastrumentation for EMP Helated Measurements

J.C.Giles, J.R.Preasley, and G.D.Sower
EG&G Washington Analytical Services Center, Inc.
P.0.Box 9100
Albuquerque, N.M. 8711%

A brief survey of the state of the art in EMP instrumentation is
presented starting with the sensors and probes used bto measure electromagnetic
quantities of interest and following the signal path through the measurement
chain to the recording and data analysls equipment and software, The elements
covered are as follows: sensors and probes, slgnal conditioners, {iber optic
telemeter links, data recorders, on-line data procesaing and analysls, and
finally system Integration. At each step in the measurement chain examples of

currently available equipment are described and compared.

The paper primarily describes data acquisition for system-level pulse
illumination testing, but a few examples of continuous wave {CW) systems are
discussed. Obviously many of the elementa are useful in subsystem-level

direct drives test as well,

The final section briefly describes the task of putting all the
pleces -- hardware and software -- together into an integrated instrumentation
system and gives examples of complete EMP data acquisition systems developed

by several government agenclies and contractora.



ELECTRIC EMERGY SYSTEMS RESEARCH PROGRAM*

Kerneth W, Xlein
Department of Energy
QOffice of Energy Storage and Distribution
Ferrestal Building, Mail Stop 5E-052
Washington, D.C., 20585

ABSTRACT

The Department of Energy's Electric Energy Systems Research
Program was formulated Lo provide technology options that will enhance
the reliability of the nation's future electric energy supply, improve
the efficiency of electric energy systems, and determine biclogical
health effects of high voltage electric fields. The program is divided
inta three broad areas of research: Electric Field Effects, Systems
Technology, and Reliability. Electric fieid effects research consists
of biological studies, risk analysis, and analysis of ion effects
associated with high voltage d¢ lines, Systems technology research
includes studies on new materials for insulators and arrestors,
autemation and load leveling technology development, and other systems
related to research and development. Reliability research includes
the EMP program area, emergency operation concepts, and analysis of
failure mechanisms.

The cbjectives for the Electromagnetic Pulse (EMP) program area
are to assess the effects of EMP on electric power systems and to
recommend hardening hardware and procedures as necessary to enhance the
reliability of our electric energy supply to intense electromagnetic
disturbances. The goal is to increase national security by improving
the reliabfiity of electric energy systems subject to the EMP environ-
ment., An overview of the Electric Energy Research Program and selected
projects in the EMP area and other programs areas will be presented,

*

Research sponsored by the Office of Energy Storage and
Distribution, Electric Energy Systems Program, U.S. Department of
Energy, under contract DE-ACDE-840RZ21400 with Martin Marietta Energy
Systems, Inc.



 STANDARDIZATION OF EMP HARDENING REQUIREMENTS

Edward F. Vance
SRI Intermational, Inc.
333 Ravenswood Avenue
Menlo Park, Callifornia 94025

ABSTRACT

The standardization of EMP hardening requirements is needed
to support procurement of military systems that are immune to
this nuclear weapon effect. Several efforts are under way to
develop system hardening standards. This paper discusses some of
the interesting paradoxes in standardizing EMP hardening.

Standardization of EMP hardening implies that it is possible
to harden systems., Although it is generally presumed that
hardening is possible, we have little experience upon which to
bage this presumption. No U.S5. system buillt since 1962 has been
exposed to the environment produced by an atmospheric or high
altitude detonation of a nuclear weapon. Thus faith in our
ability to harden cannot come from experience with the systems in
nuclear environments; it must be develeoped by indirect means. It
is interesting to contrast this situation with that of some of
the more mature technologies, where extensive testing in actual
operating environments does not prevent occasional premature,
unforegeen fallures.

It is also presumed that we can determine whether or mot a
gystem has been hardened. As noted above, we are umable to test
systems in the environment produced by a nuclear weapon; we must
uge amalytical and experimental means to assess the system's
immunity to the effects of nuclear weapons. Modern systems are
very complex, electromagnetically, and the EMP is a high
amplitude, broad spectrum transient. All analyses require
estimates of electromagnetic properties of materials (many of
wvhich are uncontrelled) and approximations of the system
configurations, and all experimental simulations are imperfect in
one or more aspects. Hence sufficient understanding of the
interaction of the EMP with the system to conciude that the
effect of the EMP is benign may be achieved only if the hardening
design facilitates the assessment.

The investment in EMP hardening has value only if the
hardening can be maintained. System hardness must be
sufficiently durable that normal use, maintenance, and system
growth and evolution do not degrade EMP hardness. Furthermore,
system hardness wmust be easy enough to assess that it can be
frequently and economically re-evaluated throughout the life of
the system.



Estimating Vulperability to Electromagnetic Pulse Effects*

JOHN M. RICHARDSON, National Academy of Scuiences-National Research

Counail, 2101 Constitution Avenue, Washington, D.C, 206418

Estimation of vulnerability to high-altitude electromagnetic pulse
{(EMP} =ffects is essential for strategic and tactical decisions
affecting national gecurity. Both the design and the assessment of
protection against EMP are inherently subject to uncertainty. The
reason is that these processes must be conducted without exposure to
actual EMP, in contrast to the situation for other forms of electrical
overstress. Hstimating vulnerability of systems to EMP effects depends
greatly on the nature ¢f the system. The soundest results can be
obtained where streas within the system is controlled, through integzral
shiglding and penetration—control devices, to well known values. In
this case, one can rely on engineering analysais and systematic tasting
of a predeminantly deterministic nature. Wherze control and knowledge
af stress, as well as of strength, are not possible because of system
design, complexity, or uncontrolled changes. probabilistic estimates
become necessary. Statistical methods for estimating and combining
uncertainties, fault tree analydgis, and Bayeaian inference may be used
to systematize the estimates of vulperability. However, repeated
testing of systems, and subsystems, at as high a simulated threat level
as possible, 1s essenkial with this approach. Whatever method is used,
the uncertainty of the result should be clearly emphasized to decision
makers lest oversimplificaticn result.

*A study by the Committee on Electromagnetic Pulse Environment,
National Research Council, supperted by the Defense Nuclear Agency.



PROBLEMS AND OPPQRTUNITIES IN ELECTROMAGNETICS
EDUCATION

Edmung K. Miller
The University of Kansas
Lawrence, KS 66045

As Bob Macintesh of the University of Massassuchetis once
observed in an AP-S Newsletter, It's easier to teach and learn
I's and 0's than Maxwell's Equations. That fact is one of the
reasons why electromagnetics is not very high on the Hist of
majors selected by EE students, The inevitable result of EM'S
disfavor is that fewer students are selecting EM courses as
options or electromagnetics as a discipline. The situation is
not helped by the fact that for semeone Lo become truly
productive in the fleld, either an MS degree with an EM
specialty or several years of experience in electromagnetics
are required. Something must be done to turn the situaticn
around or the prospect must be faced that future national needs
will not be able to be met.

The basic question of course IS "what can be done?” The
answer to this question might not only solve the problem but
also provide an opportunity to develop a better foundation in EM
both for students who select it and those who have been
long-time EM practicioners. One way to do so is Lo recognize
that today's students are picture and video oriented who might
be "sold” more easily on EM if that fact were exploited.
Electromagnetics suffers from being abstract and
mathematicaily intensive, but today's computer graphics
technology can go a long way towards rectifying this problem.
Not only could computer graphics make learning £M more
interesting and enjoyable, but it can also enhance the
understanding of those with many years of invoivement. These
basic questions wiil be addressed in this presentation, as well
as reiated issues such as where the EM teachers are coming
from.



PC MOVIES ON THE MACINTOSH: AN INNOVATIVE WAY TO LEARN
ABOUT FIELDS AND WAVES

Edmund Miller
Department of Electrical and Computer Engineering
The University of Kansas, Lawrence, KS 66045

As personat computers enter thelr third generation, the
capabilites they provide have changed from being merely
tantalizing to truly productive. The problems that can now be
solved using PC's are significantly complex, and range from
business-oriented spread sheets to engineering and scientific
applications. Although there will always be preblems not
amenabie to PC application, the variety that can be handled on a
PC will grow as'PC's become more powerful. A specific area
where PC's are likely to become even more useful is that of
providing a reai-time experimental environment for enhancing
education

One such possibility is demonstrated in this presentation.
Triough its Faculty Author Development Program, Stanford
University is stimulating the intreduction of PC's into the
¢lassroorn. A specific example is provided by a series of
Macintosh programs being developed for use in undergracuate
physics courses by Professor Blas Cabrera and a team of
ungergraduate student assistants. Disks are being produced for
use in mechanics, modern physics and electricity and
magnetism. The modules on each disk give the student a chance
t0 conduct experiments and to see the results presented
graphically in real time. By selecting experimental parameters
and playback variables, the student is given a chance to explore
various situations, to draw conclusions and £o test them with
subsequent experiments Of particuiar interest are "movies’
depicting the fields of an accelarated charge undergeing varcus
kinds of motion some of which will be deomonstrated in this
presentation. As PC power grows, these kinds of applicatons in
edqucation are sure to expand and provide a truly stimulating
egycational environment.



CRAPHICAL METHODS FOR ELECTROMAGNETIC METHODS

Brian Cabral
Lawrence Livermore National Laberatory
P. 0. Box 808, L-156
Livermors, CA 94550

Theoreticsl engineers and sclentists, especlally in EM areas, have
inereased their use of computer based modeling to sclve more complex
problems. As the problems grow more complex so doas construction of the
models and interpretation of the computed results. Computer based tcols can
he used Lo Help the engineer build the model and (nterpret the resulta,
Specifically computer graphics provides an ldeal tool which can ald the
engineer in visualizing both of these types of data. Furthermore the engineer
mist he able to interactively manipulats the displayed data; rotabting,
scallng, and pleking data items at will. The visual representatlon and the
high level of interactivity allow the englnesr Lo verify the model and better
Interpret the results.

Success of an interactive display teol lies in the speed and guallty of
the graphica system. Computar graphics software and hardware technology has
advanced to a level that will allow for high speed display and transformatlon
»# graphical data. During the last year research and developument has been
“one to [ntegrate a high performance graphics weorkstatlon inte EM research.
is research has focused on displaying both the modellng and the resultant
gata, Four prototypes were developed which allowed the engineer to transfer
she data from the modelling computer (CRAY or VAX) to the worksztatioen. The
first was a display tool for verifying 3=D finits difference models. The
second was a similar model verirication teol for underground EM acoustical
wigels, The thirg and fourth tools displayed 4-D (3 spatial and one color)
sgsultant data. All these tools operated directly on the engineers data and
were highly interactive.

The tools discussed here mark a departurs from traditional codmpuier
graphics wnich were statiomary or static. The engineer uding statlc graphics
mist display one image at & time. This vaually btakes many minutes and
requlres textual input to the graphics software to change the image. With
dynamic graphics the englneer uses a mouss or some olther Interactive device to
change the lmage. Furthermore Lhe {mage usually changes instantly or in the
worst case seconds later, This increases the temporal density of information
available t3 the engineer. In the cage of finite 3-D model verification the
scientiat {2 aided by the ability to rotate the modsl and zoom in on
suspicicus medel e¢lements,

Work performed under the auspices of the U.5. Department of
Energy by the lLawrence Livermore Hational Laboratory undar
contract number W-7405-ENG-48, and funded by The Defense Nuclear
Agency, [ALRO B85-837. 7



ENHANCING THE PERSONAL COMPUTER WITH A 32 8IT COPROCESSGR BOARD

Karen George
The BDM Corporation
1801 Rardolph Road, SE
Albuguerque, NM 87106

The IBM PC/XT/AT and clones present an attractive, cost
effective alternative to centralized computing with a timesharing
system such as the VAX 11/780 with WYMS. For physics applications,
particularly in EIMP, the problems coften require more memory and
speed than the IBM PLC/XT dis capable of providing. Even with the
PC/AT, speed is a serious shortcoming.

The addition of a 32 bit coprocesser board to an IBM PC/XT
or clone offers a single user system potentially comparable to
half a VYAX 780 for a cost under $1G.000. The Definficon Systems
081-32 coprocessor board is designed around National Semiconductor's
N532032 full 32 hit CPU with a 32 bit databus, and occupies one
full expansion slet. the HNS32032 is supported by the NS32081
flcating point accelerator and 2 Mbyte of RAM. Definicon supperts
three compilers, C, PASCAL, and FORTRAN, an assembler and associated
software te interface the coprocessor board with the MS/PC DOS
operating system. The large, fully addressable memory allows the
development of tlarger, more complex codes than can be currently
handled by the PC. The full language compilers potentially offers
easy porting of large codes from z mainframe environment to the
PC/DSI system.

BDM has recently purchased the DSI-32 coprocessor board. ke
have installed this board in an AT&I 6300 PC. This paper will
cover our experiences with the 08[-32 coprocessor  board.
Specifically, eass of use, benchmarks, and problems will be
discussed. A comparison of this system with the VAX and the PC
without the DSI-32 will be presented.



ALTERNATIVE3 TC FCRTRAN FOR USE ON
DESKTOP MICROCOMPUTERS

by

Daniel P. Higgins
JaYcoR
360 3. Hope Ave
Santa Barbara, CA 9510%
(805} 687-6405

The compuier language which has been most often used for
scientific work is FORTRAN. Most scientists have been trained o write
PORTRAN, efficient compilers exist, and jarge program and subrouting
libraries are readily available. Although originally written for use on large
mainframes, FORTRAN iz now availsble on many desktop microcompulers.
FORTRAN is a relatively old computer language, however, designed iong before
the deskiop microcomputer was available. [ is thus useful to consider other
prograrming languages which may hawe advantages {or microcomputer use.

The purpose of thie paper i3 to discuss such alternatives to
FORTRAN for scientific computing on desktop raicrocomputers. The
characteristics of newer microcomputer languages, such as Pascal, C,
Modula?, hda, Lisp, Logs, Staalltalk, and Forth will be briefly reviewed and
compared. The bulk of the discussion, however, will center on the Forth
computer language.

Forth iz a retatively little known computer language with a
number of unigue characteristics. It was originally written for instrument
controf, aithough it has since been used for a variety of programming tasks
and implemented for use on virtually every microcomputer. It has the
advantages of requiring little memory, being interactive {incrementally
compiled), running relatively fast, and being easily extensibie. It has been
used for several microcomputer projects at JAYCOR and found to be
extremely versatile and powerful. It is pur experience that cornplex codes can
be created and debugged in relatively short times. Porth has also been
criticized as being difficult to learn and very hard for anyone but the
ariginal programmer to read.

The paper will describe unique features of the Forth language and
point out why it may be a good altermative to FORTRAN for scientific
computing on microcomputers.



THE USE OF SPREADSHEETS AND OTHER COMMERCIAL MICROCOMPUTER
PROGRAMS AS SCIENTIFIC AND ENGIMEZRING TCOLS

by

Daniel F. Higgins
D.E.M. O'Dean
JAYCOR
360 S. Hope Ave
Santa Barbara, C& 93105
(805) 87-6405

There are several commercially avallable microcomputer
programs aimed at making various types of calculations easier. Spreadsheels,
such as Visicale™, Lotus 123™, Muitiplan™, and Excel™, are one category of
such software. Although originally develeped primarily for accounting and
business planning purposes, the newser speadsheets are useful for all sorts of
numerical manipulation and for preparing graphical dizplays. Another
example of a productivity ool especially designed for use by scientists and
engineers is the TRISolver™, a program designed to help solve wvarious types
of equations.

This paper will discuss the use of such programs for certain
scientific calcuiations. For example, the cells of a spreadsheel can be
considered as representing soatial cells of a finite difference grid. One can
thus use the ileration feature of such speadsheets to do such things as solve
Laplace's egquation in twe dimensions and calculate 2-D capacitances.
Simitarly, the time-dependent response of simple transmisslon lines can be
caloulated and results automatically platted with the newer more powerful
spreadsheets.

Examples of such calculations will be given, along with a
discussion of some of the limitatlons, One such lmitation is the fact that
spreadsheets are writien o be guite general and thus are not optimized for
specific problemns (as can be done in writing a custom program). Calculations
are thus not partlcularly speedy and complex numerical problems may easily
exceed the capabilities of such toois.

The characteristics and possible uses of other specialized
mathematical and scientific toals such as TKiSolver™ will also be discussed.

i0



THE FAST FOURIER TRANSFORM {FFT)
AS IMPLEMENTED ON PERSONAL COMPUTERS

F.M. Tesche
futech, Inc.
3742 Mt, Diablo Blvd.
Lafayette, CA, 94549

Abstract

The fast Fourier transform (FFT} as originally described by Cooley
and Tukey has long been used on mainframe computers for data processing
applications. In the arca of LMP analysis, FFTs are often used for
constructing transient responses of calculated or measured CW data, and
in analyzing pulse data taken in an EMP simulator. Furthermore, with the
proliferation of personal computers, the use of FFTs in interactive data
processing is becoming quite common.

Unfortunately, the use of an FFT is often not straightforward, due
to the inherent 1imitations of the algorithm. The effects of aliasing
aften cause erronecus results to be generated and misinterpreted.
Furthermore, the inverse FFT of an analytically derived spectrum can
often lead to poor results.

Notwithstanding these difficulties, the FFT is a powerful tool if
used property. In this paper, a review of some of the pitfalls in the
application of the FFT to transient analysis is presented, and hints as
to the proper usage of the FFT on personal computers are given.
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TOOLKIT
R.J. BALESTA] and OQr., 5.0. FRESE
80M CORFORATION 18@1 RANDOLH RO. SE
ALBUQUERQUE, NM 871QB

Tha advent of faat microprocessars has sade possible the development
of extansive processing capability independent of the availability of a
mainframe computer. TOOLKIT is a general purposs signal processing code
deveioped at B8DM io support the analysis of transient EMP responses using
both aralytical models and test data. The code includes a host of fungtions
for operating on deta such as:

= B0TH INTEGRAL AND FAST FOURIER TRANSFORMS

PRONY POLE/RESIOUE EXPANSION

IERG PHASE DAMPED STNUSOID REPRESENTATION

ANALYTIC UAVEFORM GENERATION

= LOW, HIGH, AND BANDPASS FILTERS

INTERPOLATION

INTEGHRATION AND DIFFERENTIATION

INTEGRAL AND FOURIER TRAMSFORM BASED CONVOLUTION

ADAPTIVE NOISE CANCELLATION

DATA SHMOOTHING IN TIME AND FREQUENCY DOMAINS

GRAPHICS DISPLAY USING LINEAR AND LOGARITHMIC AXIS

FULTIPLICATION, DIVISION, AODITIGN, ANMD SUBTRACTION

a

ASCI1 DATA STRUCURE TC SUPPURT EDITORS AND DATA
TRANSFER

DATA INTERPDOLATIDN, TRUNCATION AND SCALING

AUTOMATIC BACKUP OQURING OPERATION

= SCREEN QR LINE PRINTER QUTPUT

s SELELTABLE DISK 1/0

The code ia menu driven and allows the user to define all operations
and processing pacametars, There are 3 primary manues availabile supporting
the ithe general categories of data I/0, data analysis and data aditing. The

full capabilities of the code will he presented and a microprocessor mads
available for demonstration and gensral use.

12



EMP Hardening Topology Expert System (Hard Top)
Michael A. Messier

JAYCOR
Santa Barbara, CA 93105

RBSTRACT

It is someiimes necessary to retroharden military systems to the
effects of EMP. These systems, e.g., ships or aircraft, are generally
guite complicated from an electronics viewpoint, perhaps having an
electrical and electromagnetic topology which has evolved in & semi-
random fashion over long periods of time. It is difficylt to analyze the
hardening ard shigiding levels of a system which has evolved in such a
manner; it is even move difficult to design "fixes" which are compatibie
with the existing system, i.e., cause no undesirable side effects, cross
couplings, interference, etc, Ideally, we would like to be able to
identify all incomplete shielding topologies, ground loops, cable crosse
coupling paths, asd other EMP coupling points. We would like to be able
to prescribe fixes in terms of additional {or better designed) shielding,
appropriate protactive devices (active or passive}, cable re.routings,
etc. Ideally, we would like to expose the entire system to threat level
EMP environments in order te measure all important rasponses and confirm
the effactiveness of the prescribed fixes. In lieu of full-scale environ-
ment exposure, it would be desirable to accurately analyze the system
responses to several lower level fests, e.g., current injection or dipole
radiation and extrapolate the resulting measurements to the responses
which would have been obtained had a full-scale test been conducted.

The development of microcomputer and expert system technology has
reached the point where it now appears possible to approach this ideal
situation. Specifically, it should be possible to develop an expert
system which can perform the desired analysis of a real system and which
can even be run on one of the newly introduced lap top computers in real
time at the site of the test, Such a real time system would provide the
instant feedback which s so desirable in analyzing the effectiveness of a
recent hardening fix. 1t is probably safe to say that the major factor
hindering the development of such a system is not the hardware or softe
ware technology, but the development of an appropriate knowledge base
which can be used by the expert system.

This nete explores & possible architecture for such an expert
system. It is determined that the best form for the topology knowledge
hase is one that mimics the topology data base: graphic, Rather than
describing the knowledge base in the common form of "if-then" rules, which
turns out to be very cumbersome and inefficient, the ryles are described
in terms of nodes and branches. Standard pattern matching techniques can
then be used to connect rules and topology data. A specific graph mode)
is explored as a candidate data base structure. Examples of the use of
this data base are shown,
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USING COMPUTER-AIDED DESIGN (CAD) TECHNIQUES
TO ANALYZE HEMP COUPLING INTC AIRCRAFT

J. Dancz, R. Sutton, F. Varcolik and D, Edelman
Science Applications International Cerporation
1710 Goedridge Drive
Mclean, Virginia 22102

Numerical coupling analyses are often used in support of EMP hardening
programs, Such analyses provide input to EM Hardness Assurance/Maintenance
efforts or simulation studies. One of the most powerful analysis tech-
niques makes use of three-dimensional Maxwell solvers. Widespread use,
however, has been limlted by the time/cost of running such codes. This
paper explores the interfacing of computer-~aided-design (CAD) technigues
with a three~dimensional finite-difference Maxwell solver to increase
the efficiency of such analyses. To illustrate, the HEMP aperture
penetraticn inte an aircraft fuselage is studied.

CAD typically represents design as simple gecmetrical obiects {(bowes,
cylinders, spheres, wedges, etc.) and concatenates these objects. The
approach taken was to develop an interface code which will interpret these
geomettrical structures and project it onto a finite-difference grid. The
numerical algorithm used will be discussed.

To 1llustrate the power of this technique, an example is presented.
The HEMP penetration through the window of a hatch deor is studied.
The coupling to overhead cables is then calculated with details of the
internal geometry included. <Cable current both with and without window
protection {screening) are preseuted.
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A Mobile EMP Simulator (MEMPS)

J. Bertuchoz
Gruppe fuer Ruestungsdienste
NC-Laboratorium Spiez
3700 Splez, Switzerland

and

J.C. Giles, J.A. Keller, G.D, Sower
£CxC Washington Analytical Services Jenter, Ine.
P.0, Box 9100
Albuguerque, NM 87119

The Swiss Confederation, with the support of EG&G, Ine., and
Physics International Company, has developed a Moblle EMP Simulator
{MEMPS) to be used for testing the EMP hardness of military and com~
munications aystem,

The simulatcer consists of a hybrid antenna driven by a U-MV
bleconic pulse generator. The antenna and generator are supported by
a fiverglass reinforced plastic structure which can be disassembled
readily Por transpart between test sites. When erected, the center
of the pulse generator 1s 20 meters above the ground surface, and the
two ends of tne antenna are 60 meters apart, The deaign of the sup~
port structure allows test objects such as flghter alroraft to be
placed diregtly vpelow the pulse generator for maximum field strength
testing as well as off to the slde for "broadside" tests at various
angles of incidence. The design also allows for rotation of the
nybrid antenna within the structure. Future capabilities include
variation of the pulse generator pesition within the antenna and
driving of a vertically polarized antenna supported by the same
structure. A continucus wave (CW) socurce also can be used to drive
the antennas.

The MEMPS syatem includes a state-of—the~art data acquisition
syatem empicying fiber optics for data transmission, transient digi-
tizers for data recording, and a powerful analyst software package
allowing cencurrent dabta processiag.

The system became operational in late 1985,
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Prediction of Freguency Spectra for a Hybrid Type Simulator
including the Effects of Reflection from a
Layered Surface

Thonas Ruedy
Conaultant to EGAG Washington Analytical Services lenter, Inc.
Fiiederweg 55
3138 Uetendor!y, Switzerland

and

James Doran
EG&G Washington Analytical Services Center, Inc.
P.G. Box 9100
Albuquerque, New Mexico 87111
U3 A

The frequency spectrur of an EMP pulse measured at 2 given point in
the test volume of an EMP simulator of the hybrid type, including the
effects of its reflection by the ground surface, can be predicted With a
reasonable degree of accuracy given a knowledge of the electromagnetic
parameters of the soil. Parameters whlch must be known are the dielec-
tric constants and the conductivitles for the different soil or rock
layers. Water content 18 also a factor considered in the derivation of
the expressiong for the frequency spectra of 3ignals resulting from a
known pulser output waveform.

Analytic studies using a plane wave model were conducted to deter-
mine the influence of dielectric constant and of conductivity on the
magnitude and phase of the reflected and transmitted electric [ialds.
Additional studies examined several frequency dependent disiectri
constant and conductlvity models and thelr effects on reflected and
transmitted flelds, The effects of layering and of muitiple reflections
have also heen examined.

Modeling of an ideal simulator was done with a pseudo point source
employing plane waves passing through the pulser location. A double
exponential waveform was assumed Lo be generated by the simulator. The
results ars compared Lo measured data taken with the Swiss Mobile EMP
3imulator (MEMPS).
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Radiated Flelds From a
VYertically Polarized Dipole Antenna
Using #n Improved Pulser/Antenna Model

Gary D. Zowear
EGEG Washington Anmlytical Services Center, Ine,
: P.0. Bax 9100
klbuquerque, ¥M 87119

& vartically polarized dipole antenna (s used sy & wideeband
radigtor of special waveforms for EMP simulgtion. The antenna conslsts
of 2 large right circular cone with its apex locsted on the ground.
Speciel resistive losding 1s used in the antenns 3¢ thet the current
injectead into it 8t the epex decrzsses linesrly with helght and becomes
zare &t the top, while meinteining a constent waveform.t This par-
Liculer, specisl resitive losding results in en antenns equivalent
circuit of the totazl &ntenna caplcitance inm & serles with its charse-
teristie impsdasnce. The radistion flslds are calculated from the anten-
n& current, amd the totsl fields sre then cslculated from the redistion
field.2 The input current to the mritenna is derived from the equivalent
circuit of en ideal pulsze generstor, including the output aswitch induce
tance end generator shunt resistance, which give the pulse rige time and
late ties decey, respsctively.3 The particulsr wmodel discussad also
includes & resistive losd In parallel scross the antenns fnput which can
be veried to chahge the late time waveforms,

This work was spongored in part by the U.3. Haval Ses Systems
Command under Contract KOD02%-84-C-5357.

iBaum, C,E,, "Resistively Loadsd Radiating Dipole Based on a Transmisslon-=Line
HModel for the Antenna,® Sensor and Simulstion Hote 81, AFWL, April 1969

2Baum, €.E. &and B.¥. Singarsju, %4 Simple Technigue for Obtaiming the Near
Flelds of Elsctric Dipole #ntennas from Their Fer Flelds,” Sensor and
Simulatien Kote 213, AFWL, Harch 1976.

iSingaraju, B.K., C.E. Baum, and J.M. Darrick, "Design Improvement
Incorporated in ATHAMAS II (Larger VPD),"™ ATHAMAS Memo 11, AFWL,
Sanuary 1976 17



EMPRESS II - A& Program Jverview

R. B. Jacobs and P. G. Johnson
EG&G Washington Analytleal Services Center, Inc.
P.O. Box 9100
Albuguerque, NM 87119

EMPRESS II, the U.S. Navy's Electrcmagnetic Pulse Radiation
Environment Simulator for Ships (T1), will be-a threat~level EMP
simulator faeflity for the Navy's surface fleet. EMPRESS II ls cur-
rently under development and is to become operational in November
1987. EGCEG WASC, Inc. is the grime contractor t¢ Naval Sea Systems
Command {(NAVSEA) for the simulator and data systems. Maxwell
Laboratories, Inc, (3 under contract to the Defense Nuclear idgency
for the 7T-MY pulser.

EMPRESS II has operational requirements which exceed in many
respects those of any exiating EMP simulation facility. The princi-
pal objective of thig presentation is to describve the major Adiffer-
ences and to introduce the approaches being taken to achieve them,
Several companion presentations will provide more detalled insights
fnto those areas of development of potential interest Lo the EMP
communlty.

This work was sponsored by the U.S. Naval Sea Systems Command
under Contract NOOO0ZH-84-C-5357.
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RADIATION TEST FACILITIES AT HARRY CIAMOND LABURATORIES

Dr. Forrest J, Agee/David Davis
Simulation Technology Branch
2800 Powder Mill Road

Adelpni, MD  20783-1147

The U. 3. Army’s Harry Diamond Laboratories (HDL) have a
unigie combination of ionizing radlation testing facillitles and
services which can be configured to taller tests to the individual
testers' needs. This paper deseribes the capabilities of both the
hurcora and High Intensity Flash X-ray (HIFX) rfacllities for prompt
dose rate testing. The Cobalt-60 (Co-B3) facility with its
several sources and planned upgrades is useful for total gamma
dose testing. HDL offers a test service called Aurora Conducted
Test {ACT) which provides those testers who need a full range of
teating but ¢nly a limited number of shots, the possibility of
testing on a non-interference basis with our regularly scheduled
teats. In addition, this paper will briefly describe our planned
Yigh Power Microwave (HPM) facility for tactical systems
testing, This system will initially consfst of a 200MW peak power
pulser with SOns pulsewidih operating at 8.3CHz. Future operating
freguenclies are planned from 3 to 120Hz.
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Abstract
A Comparison of Free Field and Current Injection Induced
Transient Surface Current Density Waveforms
oy

A. G. Montgomery
The MITRE Corporaticn
Burlington Road
Bedford, MA 01730

We have investigated the tramsient surface current density wave—
forms on metailic cylinders and a scale model aircraft. This paper
compares concepts of free field and current injecticn induced wave—
form equivalence based on several criterla: total energy, frequency
{spectral) content, peak ampiitude, and rate of rise/fall. Data
frow & scale model test program is used as a baseline. The study
conslders the criteria for comparing waveforms from two origins.

One waveform comes from best estimates of free fleld electromagnetic
coupling cnto extended ("1 system conductors. The other waveform is
bounded by the state-of-the~art and practical limitations Iin
fuli-gcale current injection electromagnetic testing. Test fidelity
criteria arve derived based on the equivalence of the twe waveforms.
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& Low Cost Damped Sinewave Generator

Brian Daniel
Harry W. Gaul

Motorola Government Electronics Group
8201 E. McDowell Rd.
Scottgdale, AL BB52352

A low cost damped sinewave generator (BSG} has been
designed, built, and tested. The frequency range is from
l0kHz to 10G6MHz. The heart of the DBBGC is an MCLl3596 Bal~
anced Modulator - Demodulator. The carrier input signal is
from a standard signal generator and the modulating signal
1s the decay veoltage from an RC network. The voltage de-
cay [(circuit 9} is readily controlled by the selection of
the resistorwcapacitor netwerks. The damped sinewave gen-—
erator was built to provide a 9 of 24 at eight freguen-
cies: 10k, 100k, 300k, 1M, S5M, 10M, 50M, and 100MHz.

The operator sets the carrier frequency and selects the
appropriate capaciter from the eight available. The
"peak® output veltage is 0.5V at 50 ohms. This signal
can be used to drive a high power wideband laboratory am-
plifier to simulate the EMP damped sinewave reguirements.
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Performance of Linear Amplifier Systems
in
Direct-Drive Applications

A.J. Benham, J,L. Glbson and M.E. Gruchalla
EG& Washington Analytical Services Center, Inc.
F.0. Box 9100
Albuquerque, MNew Mexico 87119
usa

Damage and upset assessment of individusl systems and subsystems by
means of direct injection has proven to be a cost-effective and practie
cal supplement to full system illumination., Capazecltive energy storage
type puldgers were originally used for the signal aource due largely to
thelr availability from other testing programs. However, increased
application of direct-drive testing has resulted in a demand for more
versatility in the driving scurce. Of particular concern is the re-
quirement to drive at very specific frequencies abt which individual pins
show vulnerabllity, Cost and legistics place severe limitations on the
number of individual frequencies that may be practically supperted using
energy dump Sources., Linear amplifiers may be used to drive at essen=
tlally any frequency or combination of frequencies within the limita-
tions of the unit assuming the waveform in question can be generated at
some low level. However, linear amplifiers alao have certain limita=-
tions that must be conaldered,

A comparison of Iinear amplifier pulsers to discharge type pulsers
is reviewed. The advantages of these two approasches are discussed
citing applications where each has advantage. Practical limitations of
drive level versus size, input power, and portabllity are reviewed for
the linear amplifier system, A detailed discussion of the actual per=
formance parameters of typical linear amplifiers used in the direct pin
drive application is presented. Distortion, impedance transformation,
high power combining, and VSWR conslderations are addressed. Actual
performance data of a 2«kW RMS system s presented showing the trade off
between maximum avallable drive and distortion, distertion minimization
using push pull combining, and drive limitatlons for both direct and
transformed output.
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Performance of Large Current Drivers

M.E. Gruchalla and G.D. Sower
EG&G Washington Analytical Services Center, Inc,
F.O, Box 9100
Albuquerque, New Mexico 87119
Usa

Yulnerabliity assessment of electronic systems to EMP and SGEMP by
means of direct injection is an economical and relatively easily imple+
mented test program. Bulk injection Intc the total cabling of various
aystems and subsystens i3 requlring increasingly larger geometry drivers
to accommodate the physical size of the cabling.

As the geometry 1s Incereased, performance parameters are af-
fected, The low freguency cut off is increased by the increased mag-
netlc path length reducing the magnetizing inductance, The increased
winding length of the excited winding lowers to useful, upper frequency
limit determined by transmiassion line effects. The lncreased leakage
reactance causes a nigh frequency break in response below the maximum
usable freguency.

A d-ca and a 10-cm ID driver were constructed and evaluated, Both
were deaigned for an operatlional frequency range of 1 kHz to 100 MHz and
a maximum power input of 4 kW RMS, The performance of these units as
hoth drivers and sensing probes was Investigated. Comparizons of drive
response ag a functlon of effective load impedance were recorded for
loads ranging from & short circuit to 1000 ohms over the fraquency range
aof 10 Hz to 200 Miz. The effect of the driver response characteristics
in applications using damped sinusocids was demonstrated. Also, the
effect of multiple drive windings was investigated.
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ANALYTTC EXTENSTIOR OF FREQUENCY DOMAIN
THIN WIRE ANTENMNA EMP CURRENTS TO
A THREE DIMENSTONAL AIRCRAFT MODEL

R. W. Sutton and D. G. Edelman
Science Applications International Corporation
1710 Goodridge Drive
McLean, Virginia 22102

The internal response of an alrcraft may be conveniently separated
at the metallic pressure hull {(skin) Inte internal and external inter-
action problems. The coypling between the problems is introduced as
mulriple Iocal internal M or P dipele sources corresponding to TEM or
aperture penetrations. Each M or P source is driven by the local external
values of current density or charge density.

Fraquency domain wmethod of mements techniques were used to calculate
the external response of an aircrafr. The thin wire formalism employed
in the calculation cbscures the azimuthal current distribution. 4 nor-
malized functional dependence of current density with azimuth was assumed.
While this provided the desired current density, the validity of this
appreach was not known.

A check on the wvalidity is provided by comparing data from aircraft
test measurements of current density with those calculated from method
of moments and azimuthal expansions. The availlable aircraft data, however,
was obtained from simulator measurements. The simulatcr provide signifi~
cantly non~uniform, noa-planewave excitation and further, the aircraft
was on a ground plane somewhat distorting the azimuthal current distributiorn.

To provide the hest validation of the method of moments results, the
azimuthal function was modified to account for the ground plane, an
effective E field driver was extracted from the simulartor field mapping
and the resultant current density waveforms coupled to the measured
current demsity. Both time domain and frequency domain amplitude com-
parisons are very good and waveform fidelity was excellent. With these
favorable results, much more confidence could be placed in calculated
alrborne external skin responses.
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NUMERICAL SOLUTION TO MAXWELL'S EQUATIONS
WITH NON-ORTHOGONAL GRIDS*

K. 8. Yee
P.0O. Box 808, 184
Lawrence Livermore National Laboratory
Livermore, CA 94550

In 1966 the present suthor published a numerical scheme
based on finite-differencing Maxwel's equations in rectangular
cartessian coordinates (K. 5. Yee, IEEE Trans. on Antenna and
Propagation, Vol. AP-14, Mo. 3, P, 30Z-307, 1866). 1t has been
ased by many authors to eompute complicated time-domain
seattering probiems. (D. E. Merewether, IEEE Trans. on E/M
Compatibility, Vol. EMC-15, No. 2, p.4l-44; R. Helland, IEEE
Trans. on MNue. Seci., Vol, 524, No. 6, p. 24162421, 1877;
A, Teflove and K. Umashanka, IEEE Trans. on E/M Compatibility,
V. 24, No.2, p. 1735-203, 1982; K. K. Mei, A, Cangellaris, and
D. J. Angelakos, Univ. Radio Sei., Vol. 18, No. 5, p. 1145-1147,
1984}, Recently, the scheme has been generalized to
non-orthogonal coordinates (R. Hollead, 1EEE Trans. of NS,
Vol. NS§-30, No. 6, p. 4589~91, 1983} end 1o & coniormal mesh
zoning with an interpolation through a quadratic polynominal
(K. K. Mej, ete. Univ. Radio Sei., Vol. 19, No. 3, p. 1145-1147,
1984).

It is the purpose of this paper to propose a general scheme
which does not require the zones to be bounded by orthogonal
surfeces. The scheme does not require elaborate interpelstion,
thereby compromising its accuracy., However, the seheme is very
flexible and easy to understand. It is specificelly devised to do
away with stair-casing in case of an irregular boundary. A
specialization of the proposed scheme is also presented. It is
useful for eylindrical geometry without any assumption on
cyiindrical symmeftry of the electromagnetic fields.

*Work performed under the auspices of the U.S. Department of

Energy by the Lawrence Livermore National Laboratory under
Contract W-7405-Eng-48.
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THE USE OF TRANSMISSION-LINE MODELLING (TLM) 1IN EXTERNAL INTERACTION
PROBLEMS

Carolan § Swmerdon & James M Thomson Thomas W Armour

Royal Aircraft Establishment Kimberley Comminications
Flight Systems Department Consultants

Farnborough, Hanrs, UK Minerva House, Spaniel Row

Nottingham, UK

Transmission-line modelling (TLM) is a time domain numerical techrique
which has been used for selving eleciromagnezic fields {1], diffusion
and lumped networks. TLM models the propagation wechanism of EM waves
by £illing 3-D space with a network of intersecting transmission lines.
This renders the probiem discrete in both space and time since the exact
solution is, in effect, a stable time stepping routine. The modelling
process is simple, and efficient in the use of computer resourcas.

The fundamental theory of TLM, and the associated software techaiques,
have been developed over the past few years so as to anable it to be used
for investigating a variety of electromagnetic hazards problems in the
EMC, EMP and Lightoning aveas £2],{371,i4]. This paper outlines the
principles of TLM, including a beief comparison with other techniques,
describes some of the recent developments, and discusses its validation
on & series of problems for which sclutions are known, either from theory
or from experiment; it also discusses some work in the area of whole
ajreraft surface curreant injection technigues.

Specifically, we discuss the size of working volume required for a TLM
solution, and its boundaries, the application of TLM to determining the
surface currents on cylinders, for which considerable detailed results
are available from cther techniques and frow experimental work, aand its
application in aperture penetration problems. We also discuss the
associated graphics techniques that have been developed to make the
input and ocubput processing comprehensible. We then develop these ideas
and, as an example, show how they can be synthesized into a teol for
assessing the practicability of certain conductor arrangements for whole
azirerafr current injecrion experiments.

[1] S Akhtarzad and P B Johns: "Solution of Maxwell's equatioms in three
space dimensions and time by the TLM method of numerical analysis";

Proc IEE (UK), Vol 122, No 12, pp 1344-1348, December 1975,

{2] J M Thomson and P B Johns: "EMP interaction with aircraft/store
combinations™; 4th WEM Sywmposium, Baltimore MD, July 1984.

{31 P B Johns and & Mallik: "Prediction of the shielding effect of carbon
fibre composite material using TLM wirh diakoptics"; TERE EMC Conference,
Universicy of Surrey (UK), September 1984.

{4] A Mallik and C Christaopoulos: "Prediction of skin currents flowing
on a helicoptar due to a simulated lightning strike™; International
Conference on Lightning and Static Electricity, Dayton OH, June 1986.

Copyright © Controller, Her Majesty's Stationery Cffice, London, 1986.
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DIRECT TIME~DOMAIN CALCULATION OF THE
RADIATED FIELDS DUE TO CURRENT TRANSIENTS

D. E. Thomas and R. L. Hufchins
The 3DM Corporation
1801 Randoliph Road SE
Albuquerque, New Mexico 87106

Most caleulations of radiated fields from antenna~like
structurez are performed in the frequency domain; thus,
the analysis of filelds due to current translients usually
raguires tha use of technigues such as the Fourier
transform Lo get resulis in the time domain. In additien,
many frsguency-domaln rasults are valid only in the fax
field region. The authorszs have devaloped a method for
calenlating both far and near fields directly in the time
domaln, thus eliminating the need for time-consuming
transforms, and bypassing problems assoclated with thase
transforms (such as truncation error, allasing, and so
forth) .

A brief outline of the new mathod follows. First, the
transient current traveling waveform iz expressaed as a
discrets time series,; and then decemposed into a sun of
ramp waveforms; each currant ramp is z2ro until a given
start-time, and Incresses linearly thersafter. Then, e=ach
ramp is allowed to prepagate along a atraight, lossless
wire of arbitrary length. The expression for the magnatic
vector potential for a single ramp iz integrated axactly
(i.e. without simplifylng assuwmptions); the integration
reguires speclal care with respect to retarded times and
spacial limits. Then, the magnetic and electric fislds are
obtained from the vector potential, and finally, the fields
for all ramps arve superposed. The method may ba applled to
real-world preblems in the feollowing mannexr : the current
translents on an antenna structure (which may include both
linear and non~iinear loads) are calculated with a network
analysis code; node currents are converted into traveling
waves along the paths between nodes; each traveling wave

iz expressed as a sum of ramps; and finally, the fields
from all ramps are superposed o yield the total fields.

This work is being performed in support of an analysis of
electromagnetic interference caused by switching operations
in high-veltage substations, and is sponsored by the
Electrical Power Rasearch Institute {EPRI}, Palo Alto,
Caiifornia.
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COUPLING OF A PLANE WAVE TO A SQUARE HMETAL PLATE

.. F. Libelo and F. 5. Libelo
L and L Agaociates
Bethaeada, MD 20817

€. L. Andrews =
State Univeraity of New York
Albany NY.

& flat, aquare metal plate, one wavelength on a ailde,
illuminated &t normal incidence by & plans wave polarized
paraliel to an edge haa been studied experimentally.
Utilizing amsl}l electric dipclea and amall lcops with high
impedance leadas &8 gensorsa the distribution of the surface
charge density and the asurface current denszity componenta
have been massured over both the front, directly
iiluminated, aurfsce and the baak, or dark, aurface.

Theas induced aurface digtributione constitute the
coupling phsnomena for the syatem. The resulta obtained
for the quantities ahell be presented in thia report. The
hehaviour of these physical! responae guantities are of
apecial intereat nesar the plate edgeas.

Effecte of thickneas of the metal plate have been
inveatigated. Resaults of measurement of the diatributions
of the induced surfsce charge density and the aurface
currant density for plates 1/100 of a wavelength thick and
1/8 1f & wavelength thick shall be shown and conpared.
Finally the meesgured surfaece current denaity st the centar
of the back face of the plate shall be shown as a2 function
of plate thickness out to & thickness of just over a
wavelength.

= Professoy Emaritus in Phyelcas
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Abstract

A Model to Predict the Electromagnetically Induced
Currents on & Cylinder Plus Single Wire

by

L. W. Jacobi
The MITRE Corporation
Burlington Road
Bedford, Ma 01970

This papar describes the modificaticns made to an existing com-
puterized electromagnetic coupling model. The modifications
analytically changed the model from oue that calculates the external
skin currents 1lnduced by electromagnetic energy at the junccions
between a stick medel aircraft and its two attached trailing wire
antennas (TWAs) to one that calculates skin currents at any location
on a cylinder (stick approximstion) with a single witre attached. 4
iipear response is assumed. Tn addiclon, the modified model 1o—
cludea the effect of reflections from the wire termlnation. Two
different nethods of reducing and changing the equations of the
model are descrided and the two resuits are cross~checked. These
modificatfons were performed to Improve the model and to validate
and benchmark it by compardng its outputs with measurements wade on
a cylicder with an attached wire in an electromagnetic fleld. A
sample graph of the model”s cutput and, for comparisom, a test
messurement for the same conditions are Lercluded in this paper.

29



RESPONSES OF F-1068 TO SIMULATED ELECTROMAGNETIC PULSE (EMP}

F.C. Yang and K.5.H. Lee
Kaman $ciences Corp., Dikewood Rivision
Santa Monica, California

0.J. Andersh and J. Steil
Air Force Weapons Laboratory
Kirtland AFB, New Mexice

In this paper, the external and internal responses of the F-1068
aircraft to simulated EMP are presented and discussed. The responses were
acquired from the flyby test at the Vertically Polarized Dipole {VPD) and
inflight ground tests at the VPD and the Horizontally Polarized Dipele (HPD}
at AFWL. Before the response data are presented, the data quality is examined
in terms of signal-to-noise ratio, data repeatability, symmetry, and degree of
agreement with analytical calculations and with extrapolated scale-mode’

measurements,

The response data acquired for one test point from one type of
simplation test of different aircraft orientations are first displayed. This
kind of presentation is repeated for several test points and for all three
types of similation tests. In this way the effects of the orientations and
potarizations of the incident waves on the responses can be seen, and the
effects of aircraft interaction with the ground on the inflight-mode
simulation can also be ferreted out.

The data are also displayed for a single pulser shot to show the
sequence of interaction aof the aircraft with simulated EMP. From the
interaction sequence data, some ideas of the transfer functions that relate
the external environments to the internal responses can be obtained.
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MEASUREMENT METHODS OF EARTH SYSTEMS IMPEDANCE
AT LICHTNING AND EMP FREQUENCIES

PALADIAN F. - LE FEVRE D.
Enginesers

""LES CABLES DE LYOM - Divisiom HF"
65, rue Jean Jaurés
95870 BEZONS - France

"CABLES DE LYOM” company have settled measurement methods of earth
gystem impedance wversus frequency, covering a spectrum from 5 Hz to
100 Mhz, The three arrangemsnts used ave the fellowing

1) the first, including an impedance bridge, allews amplitude and pha-~
se impedance measurement of an earth system, Erom 5 Hz te 1.3 Mhz,

2} the second, using propagation of waves properties, leads to complex
impedance determination, from 500 Khz to about 100 Mhz,

3) the third, at last, includes an iwmpulse generator, which spectrum is
comprised betweaen | Khz and 2 Mhz ; sa, if covers the frequencles
domains of the arrangements !} amd 2), according to the previocus
results,

These methods have been experimented in the aim of comparing the fre-—
auency domain impedance values of following earth systems :

- earth rod

« connacted earth rods
« garth cenductor

— half-sphere

- vartical sheet

~ horizontal sheet.

These experiments ailowed us Co determine each of the thres methods
applicaticn limits.

Measurement curves of impedance amplitude and phase of previcus earth
systems will be presented. Results anaiysis will alilow us to define
the better earth system configuzation adapted to lightning aund/or EMP
discharge.
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ELECTROMAGRETIC COUPLING TO CORDUCTORS WEITH HELICAL GEOMETRY

Gary L. Duerksen
AT&4T Bell iaboratories
Holmdel, NJ

Abstract

In this paper the resuits of a calculation are presented that describe the
coupling of electromagnetic radiation incidemt on an iafimitely long
conducting cylinder, partly shielded by a number of widely spaced, helically
wrapped conducting wires which are embedded in a cylindrical dielectric

jacket,

The coupling problem is formulated in the framework of transmission-line
theory, wherein the cylinder and shielding wires are treated as elements in a
multiconducter transmission-iine system. Accordingly, the appropriate
transmission-line equaticns for the cylinder and helices are solved, and the
corrasponding transmission-line parameters are derivad.
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A MODEL FOR PREDICTING THE SURFACE TRANSFER IMPEDANCE
GF BRAIDED CABLE

L. G. Hoeft

The BDM Corporation
1801 Randoiph Road, S.E.
Albuguerque, New Mexico 87146
{505) 848-5399

The objective of this effort was to develop a model for predicting
the surface transfer impedance of fHraided cable shields. Such a model
is wvery useful for developing specifications for EMP hardened aircraft
that have reasonabie life cycle survivability costs and for establishing
base line values for hardress surveillance systems. The approach used
to carry out this model daveleopment effort was to use theory to suggest
the parameters that should be of interest and to use experimental data
to determine the range and worst case values, Surface transfer impedance
is the intrinsic electromagnetic parameter of a cable shield. Many
studies have shown that it can be represented as the sum of & resistance,
R, and a mutual inductance, Mip. To a Tirst approximation, the resistance
per unit length 1is determined by the amount of metal in the braid.
Thevefore the resistance 1is imversely proportional to both the shield
thickness and dfameter. The mutual inductance is due to both aperturs
and perpoising coupling, with porpoising dominant in most cables. The
experimentai data from a large number of cahble samples measured in the
BOM Laboratory shows that a worst case model for the resistance of a
braided shiald can be represented as R = k/d, where d i3 the cable
diameter in  inches. For single braid shields, k = 4.5 miiliohms
inches/meter. For double braid shields, k = 2.6 milliohm inches/fmeter.
For large cables, {7/8 in.)} the resistance of single braid is about
4 milliohms/meter and doubie braid {s about 2 miliichms/meter. MWhile
theory suggests that the wutual inductance should be inversely
proportional to the diameter sguaved, experimental measurements vary
over twe orders of magnitude. This is the result of varjous optimizations
of the braid. The system should be designed for the worst mutual
inductance if it is te be insensitive te small changes in the shield.
Thus, the worst case model for mutual inductance is_independent of
diameter, The worst case mutuzl inductance is 3 x 1079 H/m for single
braids and 3 x 10710 #ym for double braids. Note that cablss have a
very 1imifed range of diameters; shielded pairs being within a factor
of 2 of 3/16 in. and large cahbles are within a factor of 2 of 7/8 in.
Thus, the resistance should not change drastically from cable to cable.

A model for predicting the surface transfer impedance of
ron-optimized braided cables has been developed. This wmode! is based
on theory and extensive measurements.

The resistance is inversely proportional to cable diameter. The
mutual inductance is best modeled as being independent of diameter.
The worst case cable overbraid model accounts for multiple Jayers of
braid. This model could be refined to meet special requirements.
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HOW BIG A HOLE IS ALLOWASLE IN A SHIELD - THEQORY AND EXPERIMENT
L. 0. Hoeft

The BDM L{orporation
1801 Randalpk Road, S.E.
Albuquerque, New Mexicc 87106
?505) 848-5399

A gquestion is frequertly asked about the amount of damage that
can be sustained in an electromagnetic shielding system before it is
seriously degraded. The objective of this effort was to determine how
big a hole can be tolerated in a cable or an enclosure shield without
significantly degrading the shield. The approach that was used in this
study was to use experimental data to determine the range of values
expected from real hardware, use theory to understand the coupling
wmechanisms, apply an appropriate safety margin and use engineering
judgement to determine the maximum hole size. Except for cases where
the cable shield is almost completely severed, the resistance of a cable
shield, and therefore its performance below a MHz, is insensitive to
shisld damage. The major effect of cable shield damage is to increase
the mutual inductance component of the cable's surface transfer impedance.
The mutual inductance 1is proportional to the magnetic polarizability
of the hole, which in turn is proportional to the third power of the
diameter. This theory is validated by many measurements. This theory
has been applied to a typical cable shield (a .7 inch diameter single
braid). Assuming that the transfer impedance of the hole is equal o
the transfer impedance of 1/3 meter of cable and assuming that the mutual
inductance of the braig is 30 pH/m, one obtaims a mutual inductance
of 10 pH for the hole. This corvesponds to & magnetic polarizability
of 24.8 x 1079 m3. The diemeter of the hole must be less than 0.2 inches,
which is rather large. For electromagnetically tight enclosures, the
magnetic field attenuation 1s usually dominated by joint impedance.
For enclosures with apertures it is inversely proportional to the magnetic
polarizability of an aperiure in the wall and proporticonal to the cross
sectional area of the enclosure. Experimental measurements show that
3 24" x 24" x 8" eguipment box with a 50 dB surface magnetic field
attenvation requirement could have a 3 to 4 inch diameter hole in it's
wall or cne face could be covered with 1/8 inch wire mesh and stili
meet the shielding reguirement.

Degradation of & shielding system due to apertures can be
calculated, The effectiveness of the shield s sensitive to hole size
because it is inversely proportional to the third power of the hole
dimensions. However, surprisingly large holes can be tolerated if the
shielding reguirements are modest {50 dB). This theory shows that small
cables and enclosures are more susceptible to aperture degradation than
large ones.
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TRANSFER IMPEDAMCE MEASUREMENTS ON
AIRCRAFT CABLES ®ITH NEGRABED SHIELDS

P. J. Miller, TRW, 2340 Alamo SE,, Suite 200
Albuquerque, NM 87106

The effect on shielding performance of various degradaticns in cable shields
is demonstrated with transfer impedance data taken on a range of cable
sampies, The types of degradations discussed range from drill holes in
braided shields to loose and aged connecter assembliies, Measurements taken on
hardenad cables from several modern aircraft are used to emphasize common
problems with cables and demonstrate the need for hardaness surveillance
testing, Conciusions regarding the relative importance of the various
degradation mechanisms to operational systems can be drawn from the data. In
addition, areas are identified in which the current theory provides a poor
astimate of the effect of some degradations.
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EFFECT OF REMOVING SPRING FINGERS AND THE WAVY WASHER ON
THE MEASURED TRANSFER IMPEDANCE OF A MIL-C-3899% SERIES 1V CONKECTOR

i. 0. Hoeft, J. 5. Hofstra

The BOM Corporation
1801 Randolph Road, S.E.
Atbuguerque, New Mexico 87106
?505) 848-539%

The surface transfer impedance of & MIL-C-38993-300 {Series IV)
connector was measured in the intact condition, with varying numbers
of the spriag fingers covered with kapton tape and with the wavy washer
removed. Voltage response was measurad from 1 kHz to 1 GHz. Transgfer
impedance could be calculated up to 200 MHz. These measuremenis showed
that: 1. The transfer impedance did not change significantly when up
to & spring fingers were covered with tape. 2. The transfer impedance
of the connector with all spring fimgers taped was less than that of
1 weter of single overbraid. 3. The wavy washer was almost asg effective
as the spring fingers for insuring good contact between the plug and
the receptaclie.
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IHCREASED SHIELDING
O
TWO LAYERS OF CABLE SHIELDS
IS
GREATER THAN THE SUM OF THE PARTS

H. J. Wegnon and L. 0. Hoeft

The BDM Corporation
1801 Randoiph Road, S.E.
Albuquerque, New Mexice 87106
(505) 848-5399

A cable bundle overbraid can do more than increase the optical
coverage; properly fabricated, two Tlayers of shielding introduces an
additional decoupling factor. A Grean's function transmission line
formulation is used to determine an expression for the combined transfer
impedance through two Jayers of shielding that are separated by a
dielectric but shorted at the ends. The inductive impedance of the
transmission Tline between the two shielding layers is found to limit
the current that caa be induced on the inner shieid. More than 40 dB

of shielding enhancement at 3 MHz is predicted for a reasonable cable
bundle overbraid configuration.
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PRACTICAL COWSIDERATIONS FOR UBE OF MULTI-ELEMENT
HONLINEAR TERMINAL PROTECTION DEVICES

T.J. Swift
SRI International
333 Ravenswood Avenue
Menlo Park, California 94025

E.F. Vance
SRI International
Route 3 Box Z268-2
Fort Worth, Texas 76140

J.M. Hamm
SRI International Regional Office
1900 Randolph Boulewvard, S.E.
Albugquerque, New Mexico B7106

The accepted/recommended technigues for power line over-
voltage protection are reviewed*, A series of experiments to
test the assumptions inherent in the recommended technigues
are developed and described. The results of these
experiments and revised recommendations are presented.

*MIL~HDBK-419, Military Handbook, "Grounding, Bonding, and
Shielding for Electonic Brauipments and Facilities”, Volume 2
of 2, Applicationg, Department of Defense, Washington, D.C.
{21 January 19%82)
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ZINC OXIDE VARISTOR DEVELOPMENT

C. KIRSTEN
KAMAN DIXEWOOD, SANTA MONICA CA

Development of zinc omide {ZnQ) variators for aivcrafs EMP
protection has been a cooperative effort between the Navy and the
AFWL., ‘The objective was to develop varistor technology and obtain
flight qualification experience on varistors im actual £lighr
enviromments. Wing wiring varisrors were aselected for further
development as difficulties had been experlenced with the original
unita. Development of a new ZnQ varistor unit was begun by AFWL
with G.B. providing both the varistor element and packaging.
Testing was performed by aa fndependent laboratory (Wyle}. A
prototype dealgn of 25 units was fabricated and tested. The
design was vefined and 150 additfonal units were fabricated. Of
these, 25 were type approval tested, and 1253 were acceptance
tested and used for alrcraft operational testing. Of the 123
units available, 72 were installied in 1984, and the remainder were
held as a test control group and spares.

Teats were made of the stand-by power and to characterize the
voltage/current curves of the varistors at the time of
inataltation in Aug 1984, and subsequent tests were performed
in Oct 1984, Mar 1985, and Nov 1985, From the raw E/I data

set a best fit curve was determinad for each varistor test.

The fitted curve was then used to determine the slope of the
voltage clamping platesn (the ilnverse of which gives a parameter,
"a™}, a measure of the voltage (Vaom) at exactly 3.0 ma curvent
through the varistor, and a leakage curreant factor (lo) related
to the leakage reslstance of the varistor. These results, in
additioa to the stand-by parasitic power loss of the varistor at
120 v 400 Hz, were tabulated and analyzed for evidences of
generic problems and to predict trends in the values of the
varistor parameters.

The present preliminary Judgement on the units {s that, aside
from high energy pulses, exhaust fumes and the hear environment
are the worst enemies of the present units, and that future units
should, where ever possible, should be hermetically sealed. It
19 also believed that seasonlng or "burning in” of the varisator
should prove valusble In screening out early fallures and of
stabilizing the parameters of the varistors prior to use.
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METAL OXIDE VARISTOR BURN-IN

by David H Hilland
AFWL/NTATI
Kirtland Air Force Base, New Mexico B8T117-6008

Air Force Weapons Laboratory
Huclear Technology Office
Airoraft & Missiles Division

Teehnelogy Branch
Electromagnetic Pulse Effects Section

ABSTRACT

Yaristor degradation from unipolar ftransient pulsing is
geseribed. A varistor is a two port, non-linear, terminal protection
device. In its non—conducting mode the varister acts as an open
e¢ireult with a small standby current. In ifs conducting mode the
voltage iz clamped and large currents are shunted to ground.
Degradation of the varistor over its lifetime was known to be a
function of the cumalative energy of the transients shunted.

An additional burn-in degradation has been identified. MOV's
aubjected to a single high energy transient display an increase in
standby current and a decrsase in eclamping voltage. The initial
hurn-in may lowsr the clamping voltage by ten percent. Degradation
from subsequent pulsing is mueh less pronounced. Alsc, The amount
of degradaticn measured is dependent on the polarity of the
meaaurement relative to the polarity of the pulse. After one pulse,
the clamping voltage is lower when measured at the port opposite

to the pulsed port than when measured at the same port which was
pulsed. However, burn-in was evident for either polarity.
Polarization of the permanent electric dipoles in the insulating
matrix and the filling of traps at the metal oxide grain boundaries
are discussed as possible mechanisms for the degradation.
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IN-SITU CHARACTERIZATION GF LIMEAR AND NON-LINEAR TERMINAL
PROTECTION DEVICES USING TIME AND FREQUENCY DOMAIN TECHNIQUES

L. 0. Hoeft and J. §. Hofstra
The BOM Corparation
1801 Randoliph Rd., SE
Albuquerque, MM 87106
(505} 848-5399

ABSTRACT

Systems hardened against EMP often use terminal protection devices
(TPD's) to insure that the LRU conmector is strong enough electrically
to be able to withstand the EMP induced transients. Since these
TPO's may fail in ways that do not degrade normal system operation,
they must be tested or chardcierized periodically. Two techniques
have heen developed and demonstrated for characterizing TPD's inp-situ,
that is, without disassembling the LRU. One is a time domain and
the other is a frequency domain technique. Both can characterize
linear as well as non-linear TPD's.

The time domain technique is essentially & high voltage time domain
reflectometer that uses a short variable amplitude pulse as a probe
signal. The pulse is short encugh {a few tens of nanoseconds) so
that it cannot damage the circuit even if the TPD is non-operative.
The integrity of the TPD is determined by using pulses whose amplitudes
are below and above a specified firing threshold and comparing the
reflected pulses. The wvalidity of this technigue was demonstrated
using standard laboratory test equipment consisting of an oscilloscope
and a fast rise time transmission line pulser capable of producing
a few tens of volts. This technique is able to easfly detect proper
operation of a ron-linear TPD even when the TPO is isolated by meters
of cabTe. The same technique can be used to detect the presence
of filters installed at the end of & cable.

The freguency domain technique uses a cowpuier controlled impedance
analyzer 1in conjunctior with a voltage source to map a three
dimensional surface (impedance x frequency x bias voltage) that is
characteristic of the perticular TPG. The same equipment can be
used t¢ characterize linear &s well as non-linear termipal protection
devices.
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The Connector Pin Varistor
Glemn Damais and Sebald Korn
Genaral Electric Company
Power Electronics Semiconductor Dept.

Electronics Park, Bldg. 7, Syracuse, NY 13221

Abhstract

A new tubular form of transient suppressor has been developed.
pased on metal oxide varistor technology, the new connector
pin varistor allows incorporation of transient protection di-
rectly into currently available connector designs, These new
devices have suitable electrical characterigtics for suppres-
sion of pulses resulting from EMP, NEMP, ESD and lighting.
Electrical characteristics for these devices have been shown
to be directly comparable to commercial disk varistors of com
parable voltage and active volume. Physical construction of
the tubes contributes to a relatively large conduction area
and heat absorbing mass, resulting in the varistors ability to
withstand relatively high transient peak currents and energys.
Metal oxide varistor material of the same cawposition as in-
corporated in the connector pin varistor devices has heen shown
to be virtually impervicus to electron and neutren irradiation
of up to 108 rads and 1047 n/em? vespectively.

bDevelopment of the connector pin varistor was carried cut at
the Transient Suppression Products Uperation of General Elec-
trics Power Electronic Semiconductor Department under sponsor-
ship of the Alr Force Weapons Lab., The devices have been tar-
geted for use in providing transient protection in both Aero-
space and ground electronic systems.

4z



THE DEVELOPMENT OF M.A.C.E. - 3 MICROCOMPUTER
ASSISTED EMP COUPLING ESTIMATOR

Ry

Daniel F. Higgins
DEM. CO'Dean
JAYCOR
3560 5. Hope Ave
Sania Barbara, C4 93105
(8G5) 487-6405

JAYCOR has recently developed the M.ALC.E  microcomputer
program as a commercial product designed to assist the scientist or engineer
in rnaking rapid sstimates of EMP fields and the resulting coupled currents
and voltages. The M.A.CE. program takes the form of an electronic handhook
where engineering formulas are automatically caleulated and response
curves plotted for specific cases of interest. Furthermars, the various steps
in the ¢oupling process are automatically lUnked. Resulls are presentsd
graphically and various types of plota can be generated,

The M.ACE program is an experiment in trying to develop a tecl
which is both useful and educational. The intended user is the sysiem
designer or enginesr who needs guick estimates of EMP response. The goal
was to develop a cempuler code which is very easy to use and requires a
minirnum of experience with micrecompuier details to operate. Versions have
been wrliten {or both the IBM-PC/AT and the Apple Macintosh/Lisa.

This paper will review the problems associated with the
development of such a computer code. Such preoblems include not just deciding
what models to use lo describe various parts of the EMP coupling process, but
also deciding how to interconrnect the various modeis and how tn simplify the
process so that resulls appear rapidly {i.e. how to make the code interactive).
Probiems in developing a simple user interface will also be discussed.

In particular, the differences and similarities of the IBM-PC and
Apple Macintosh versions will be discussed. The Macintosh user interface
(e.g. mouse, icons, and picterial displays) was found to be guite effective in
making the program easy to use and understand. Howewver, the lack of a
hardware floating point processor limits the ‘number crunching' capability of
this machine. The IBM-PC equipped with a 8087 numeric coprocessor, is
significantiy more powerful for detailed calculations, but generally has a less
effective graphics display, making it more difficuit to prepare a stmple user
interface.

Pinally, potential enhancements to M.A.C.E in particular and the
electronic handbook concept in general will be discussed.
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TITLE: Guidelines for the Use of & Micro-Computer for Modeling
and Data Analysis

AUTHOR: Dr. Sherry D. ¥rese
The BOM Corporaticen
1801 Randolph Road, SE
Albuquerque, NM B7106

ABSTRACT:  Traditonally those of use writing software to model
electromagnetic effects and those of us analyzing data from tests
have employed main-frame and mini-computers in a time-sharing
environment., Recently there has been a re-thinking of this approach,
and & trend toward smallier move analytical formulations of our
problems and concurrently the use of smaller personal machines to
solve them.

At BDM we have developed a package of modeling and analysis
codes to run on an IBM PC. Currently the packege includes:

A two-dimensional Maxwell’s equation solver,
An AC circuit gnalysis code,
A Method of Moments antenna analysis program,

An interactive stick model EMP analysis program to find rescnant
frequencies of an aircraft,

An  interactive data analysis program which allows the user
to plot, edit, and perform fregquency and time domain analyses
on both real and analytically generated data.

An interactive cable SGEMP model for determining pin responses.

This talk will provide general guidelines and details relevant
te this sort of modeling, such as timings, accuracy, coding
considerations, etc. Specific advantages (and disadvantages) to
this approach will also be discussed. A1l of this will be presented
in a framework reievant to the EMP analysis codes mentioned above.
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TITLE: EMP Coupling CaTcuTations Using Micro-Computer

"AUTHOR:  Dr. Sherry D. Frese
The BDM Corporaticn
1801 Randolgh Road, SE
Albuquerque, NM 871G6

ABSTRACT: Accassible and readily obtainable estimates of EMP coupling
are required for a variety of applications. This paper describes
a model implemented on an IBM PC class microcomputer. The model
is based on the solution of coupled transmission lines with
distributed sources corresponding to the drive fields.

Conceptually, the model consists of characterizing a complex
system by piecewise umiform sections of transmission iines. For
instance, an aircraft could be <characterized by 8«20 connected
sections. The seiubion is based on an admittance matwvix formulatiosn.
The currents entering a node between sections are related fo the
voltages at these nodes by the transmission 1line admittances,
{frequency dependent terms that can dinclude losses). Admittances
associated with lumped Toads cam also be included. The source vector
is a function of the driving electric field tangant fo the section.
Solving this matrix equation yields the node voltages. The voltage
or current anywhere on the structure is expressed in terms of these
voltages and the source.

The code has been written in a modular format which aliows
for easy changes to the geometry of the aircraft, the position of
the aircraft relative to the ground, and the nature of the source.
In fact we have used code to model two different airplanes and a
helicopter. We have used it to model both plane wave elagctric field
excitation and Jightning (the later vequired changes in the
computation of the admittance and the source vector}.

Resulis for plane wave excitation of the F-111 will be presented
and comparad to similar calculations made on a mainframe as described
by Holland (IEEE Trams. Nuc. Sci., NS-24, pp. 24816-2421, December
1977}. This comparison shows that approximate engineering quality
answers can be obtained with a small effort when compared tc more
rigorous models or test results.
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COROMA MODELING OK A PERSONAL COMPUTER

Louts Saker
Misston Research Corporation
1720 Randolph Read S.E.
Albuquerque, NM 87106

ABSTRACT

A numerical model for positive and negative corona gischarges, suitable
for use on personal computers, is discussed. Steady state results are com-
pared with previcus experimental work by Takahasi et. al. and theoretical
work by Sarma and Janishewskyj. Time-dependent models are seen to be
necessary for simulating negative covema, in  general; Sarma and
Janishewskyi appear to have achieved a steady state simulation through the
use of an unphysically small Townsend gamma coefficient. The role of pho-
toionization 1s discussed, Improved numerical techmiques employing block-
implicit methods and stiff solvers are also discussed.
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The SGEMP Interactive Model:
System-Level Cable SGEMP Analysis on a Microcomputer
E.M, Dressel
The BOM Corpeoration
1801 Randolph Rd. 5.E.
Alhuguerque, NM 87106

The SGEMP Intaractive Model {SIM) is a simple but powerful
computational tool for estimating the System Generated
Electromagnetic Pulse {SGEMP) response of shielded cable to intense
x-ray pulses. The development of SIM arose from the desire to
provide design engineers with the means to interactively assess
the intrinsic and relative vulnerabilities of various cable layout
design options to a variety of possible nuciear environments very
early in the design phase.

The SIM microcomputer code allows a designer to define any
three~-dimensional cable path amony arbitrarily placed
three-dimensional gecmetrical "primitives" that define the masses
of user-defined materfals composing the system. A one-dimensional
photen transport model is used to calculate the x-ray fluence
arriving at each incremental length of cable from %he postulated
external x-ray illumination. The external x-ray envircnment is
defined in spectrum, direction of incidence, and pulse width by
the tser. The cable current vresponse per unit length to the
appropriately attenuated x-ray spectrum at each cable Tlength
increment is determined by the Low Ffluence Residual Gap cable model.
A lossy tranmsmissicn 1line model integrates the time phased
incremental current sources excited along the cable lemgth to yield
the time history of the open circuit voltage which develops at
the cable ends.

The paper will describe the physics models incorporated, outline
some of the options and capabilities of the code, and show typical
resuits from a sample problem,

* This work performed wunder auspices of the Martin Marietia
Corporation under subcontract no. GH4-112530,
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Microcompuier Aided Circuit Analysis -
The Pros and Cong

C. E. Christmann
Associate Staff Member
The BDM Corporation
1801 Randolph Road, S.E.
Albuguerque, New Mexico B7106

With the availability of the microcomputer in todays'
office place, more of the tasks formerly assigned to mainframes
and minicomputers are now being handled by their smaller
counterparts. Circuit analysis is no exception fo this rule.
BOM is just finishing a large afrcraft communications System,
using microcomputers for the analysis of all of its electronics.
Both frequency and time domain analysis codes have been
utilized. This paper will expound 8DM's experiences and answer
guestions regarding problem setup and run-time increases versus
computer accessibility. Bench mark <trials from PSPICE and
ECA will be presented. Further, the ability to ftransfer
information directly to a data base for further processing
will be discussed. There are many advanteges and disadvantages
to the use of microcomputers. There are also ways to enhance
throughput with the microcomputer. With the pros and cons
firmly in hand, engineers may find the micros a very useful
analysis tool.
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APPLICATION GF A PERSONAL COMPUTER
IN PERFORMING TIME DOMAIN ANALYSIS

Michael L. taGrassa

The BDM Lorporation

1801 Randolph Read SE
Albuguerque, New Mexico 87106

The use of a personal computer in performing time domain
analysis provides an efficient approach for determining design
margins of semiconductor devices in vesponsg to EMP. The utiliza-
tion of a time domain network analysis code provides a more
realistic treatment of nonlinear devices while also providing
circuit responses to arbitrary input waveforms. The capability
alse exists to analyze more than one semiconductor device at
a time. The initial step in this process is to model the circuit
path from the antenna through the first few stages of the elec-
tronics in eorder to identify the semiconductor devices that
are most susceptibie to an EMP threat. Diode and transistor
model parameters are obtained from manufacturer's data sheets.
The semiconductor models used preserve the device nonlinear
behavior. The circuit description and model parameter data
are entsred intc a file on a diskette. The analysis code 1s
then called up to run the circuit file with a specifiad input
waveform. Probe points are identifisd to be, for example, voltage
and power across diodes and transistor junctions or a 50 o imped-
ance representing a receiver input. In performing 2 time dowain
analysis, time step size is critical in order to obtain accurate
resuits.  The time step needs fo be sufficiently small in rela-
tionsnip to ¢ircuit time constants while 2iso being Targe enough
to preclude excessive program rusning time. The analysis resuits
are then wrilten to an owstput file that can be called up in
using a plot utility program fTor presenting analysis data in
a graphical format. Graphs are generated representing the instan-
taneous as well as the average voltage and power versus Lime
for all of the probe points identified in the analysis. In
arder to determine design margins for the semiconductor devices,
the device average power 1s compared to a failure power model
for that device. The failure power model represents a lowsr
beund on device failure power a3z a function of time. The plot
utility pregram can superimpose the failure power turve on the
graph for average power for a particular device. The difference
between the two curves is then the design margin for that device.
Hard copies of the graphs produced can be obtaiped for inclusion
inrto @ writien report or as part of detailed analysis for a
major system.
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In-situ TACAMO Filter Testing
Using Drive Point Impedance Measurements

B. James J. Cf'Bannon

Rockwell International Corporation
31370 Miraloma Avenue
Anaheim, CA 52803

The method of measuring the drive peoint impedance to
test linear filters is the foundation for testing
filters on the EMP hardened TACAMC aircraft. The test
set is a portable test set designed to be used on the
£light line for Hardness Maintenance support of the
fleet. The drive point impedance measurement methed is
a single-ended test which can be performed with the EMP
hardened eguipment installed on the alrcraft., The test
set, consisting of & single eguipment bay, is computer
antomated which dramatically increases the speed of the
teat and the accuracy of the measurements.
hdditionally, the test measurements are interpreted ang
a2 simple PASS/YAIL message is displayed for the test
technician., The test set detects failed filters by
nonitoring the complex impedance of the linear filitey
elements. The coumplex impedance is analyzed to detect
degradations in filter elements to ldentify areas of
potential vulnerabilities, The test equipment includes
a aomputer contyroller, & vector impedance analyzer, a
awitching matyix, 2 digital veltmeter, and a D.C. power
supply {for testing voltage limiters).
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Automated Switching for
Direct Pin Drive Testing

A.J. Bonham, J, Glbsen, and M.E, Gruchalla
EG&G Washingion Analytical Services Center, Inc,
P.C. Box 9100
Albuquerque, New Mexico 87119
usa

Automated direct-drive testing of all plns of varlous elements of
elsctronie systems i3 becoming en imcreasingly popular method for opers
ational upsst and damage threshold verifieatlon., Practical application
of this type of testing requires the use of a highly automated switching
3ystem,

This type of switching system must be highly rellable, sccurately
callibratable, easily configuradle to esszentially any connector, and in
general of amall geometry. The sensing of the potential and current
drive signals must accurately represent the actual values at the pin
under test, and the signal isolation to pinz not under test must be
high. Various approachea to the switcehling problem are dizcussed inglude
ing coaxial relays, conventienal miniature relays, reed relay elements,
and industrial robots. The development and performance of & high per-
Tormance switehing system capable of driving in excess of 200 pins is
discussed. Practical limitatlons Lo the number of pins that may be
accessed in e single switch unit are addressed. Potential and current
drive iimitations ars presented. Single-ended drive and differential
drive, both bslanced and floating wiih respect To ground, zre dis-
cussed. The reguirements of both passive damage tolerance tezting and
aetive upaet teating are addressed.
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EMP PIN INJECTION STRESS TESTING IN A PRODUCTION ENVIRONMENT

Dr. Richard W. Stewart; Dr. Anthony P. Trippe, Dr. James L. Knighten
IRT Corporation, San Diego, California

Subsystem suppliers of electronic military products may ofien be required to
demonstrate hardness to electromagnetic pulse (EMF) threats for each and
every unit produced. A verification test to prove that specification
requirements have been achieved can be accompofished by the application of
damped sinusoidal transient puises to the interface pins of a line
replaceable unit (LRU}. However, in a typical production acceptance test, a
single LRU may contain several hundred pins, each of which must receive
multiple Injection pulses. Even for a moderate preduction rate, the volume
of testing imposed by these requirements demands an in-house, dedicated
automatic tester in order to maintain schedules. This presentation
describes an instrument designed as a cemputer-controlied system capable of
delivering a lengthly sequence of varying high veltage transient pulses to
the interface pins at a rate of one puise per second.

The pin injection system can automatically deliver the required transient to
each pin, monitor the delivered pulse, record the test conditions, and

archive the test results. It will deiiver damped sinusoidal transients from

10 kHz to 100 MHz. The system containss a 100 ohm Thevenin source with an
open circuit voltage controllable between 10 and 1500 volis. The system
includes voltage and current sensing capabilities for monitoring delivered
transients to within +/-3% It has & modular design to facilitate

flexibility and adaptability. It ¢an rapidly be reconfigured to change test
frequencies, test levels, or accommodate a different LRU.

During execution of the test sequence, the microprocesser commands and
coordinates the signal generator, the amplifier, the sensors and the data
recording functions. The signal generator consists of an [EEE 458
bus-controlled waveform generator and modulater which produces a low-level
transient with the desired wave shape. The amplifier is a pated pulse power
linear amplifier which receives the low-level transient from the signal
generator and boosts the signal to a high-level transient which is delivered
te the pin under test through a highly reliable switching network. Voltage
and current probes are built into the delivery end of this network so that
the transient peaks are measured right at the pin. Data for each puise is
collected by these probes and is stored for inclusion in the test summary
report.

The pin tester utilizes specific software fo achieve customized control of
the test sequence and specific connection hardware for each electronic
system to be tested. Menu entries to the control conscle direct all test
activities. Operator commands are sell explanatory with each command prompt
aiding the operator to select correct responses. Help functions provide
detailed information when required. The menu structure guides the operator
through proper test execution and increases the reliability of the test
praocedure by checking for correct conditions at each step. The system
verities EMP stress assurance requirements by automatically recording the
test data, test configuration, test unit identification, operator

identification, and calibration information. Test sequences are programmed
to include self test and calibration procedures.
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Shielding, Wiring, & Grounding
for
Optimun EMI & EMP Protection

1. West, J. Pagliuca, J. Luchini

Raytheon
Equipment DUivision Laboratories
528 Beston Post Read
Sudbury, MA QL7786

ABSTRACT

Shielding, wiring, and grounding practices are often in conflict with
one another in the control of EMI and in EMP protection. Shields,
greunds, and returns are often tonfused with one another, semantically.
Shieldlng, by itself, cannct solve all preblems, particularily in aero-
space systems. A balanced appreach 1Is necessary, whereby shislds,
grounds, and returns are physically separate and play different roles.
EMI and EMP protection of susceptible circuitry must become an integral
part of the shield and ground system.

Systems with single~point and multiple-point grounds are addressed.
Shielding, grounding, and filtering of noilse emitters and susceptible
recelvers is treated as part of the overall scheme. A set of EMI/EMP
ground rules and a checklist are provided for use by designers in
circuit design and PCB layout. Good chagsis ground on modern PCBs

i3 difficult to cbtain; alternative approaches are discussed.

1/0 design for MIL-STD-461 and EMP is treated for both grounding

schemes with trade~offs and alternatives for the suppression of
EMI and EMP,
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Cabie Shielding
Vs,
1/0 EMP Hardening,

a
Trade~Study
J. Pagliuvca, L., West, J. Luchini, F. Marcum

Raytheon
Equipment Pilvision Laberatories
528 Boston Post Road
Sudbury, MA 01776

ABSTRACT

Qff-the-shelf cable shielding on present-day DOD systems is
timited to about 80dB shielding attenuation per meter length,

at best, cor about 10 milliohms transfer impedance at the lower
frequencies. Most contracts require only 40dB minimum shielding
attenuatien for all cables. The trade-off berween cable shielding
and I1/0 hardening becomes severe when threat-level cable shield
currents reach 600 amperes, peak, as on USN ships and USAF air-
craft. This trade-study shows how the 1/0 hardening must be
railored te the cable shielding performance.
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"Robust' EMP Hardening of EIA Standard 1/0
Cizrcuits and Censtraints on Data Rates & Line Lengths

John Luchini, Larry West

Raytheon
Equipment Division Laboratories
528 Boston Post Road
Sudbury, MA  0L776

ABSTRACT

Most DOD contracts centaln nuclear EMP hardening requirements of
black-box I/C circuits, many of which are digital TTL circuits
whose intercomnections are standardized in Electronic Industries
Association {ETA) Standards RS~422, 232C, and 423 and the military
equivalent, MIL-STD-188-114. The data rates between the inter-
faces are constrained by the length of the transmission lines
between them, whose lmpedance and admittance continuously degrade
the data waveforms as they propogate along the lines. 'Robust!
EMP hardening of the 1/0 circults requires, at a wminimum,
filtering, current-limiting, and/or voltage-limiting, which further
degrades the data waveforms. 7This paper addresses the minimum
essential "robust" EMP hardening and the comstraints that places
on the EIA standard data rates and line lengths.
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An EMP Upset Verification Test Methodology

Roy 4. Hanson, Jr.

Kaman Sciences Corporation
Dikewood Division

ABSTRACT

Conducted transient or EMP-induced upset of digital and hybrid subsystems
can occur only if the subsystem's EMP transient protection atlows transients
te affect subsystem performance. Under these conditions, one may conciude
that the subsystem transieni protection is inadeguate.

At the same time, one may also conclude that this protection is adequate,
considering the complexity of modern avionics subsystems. Since digital
subsystems change internal EM topolegy at a rate equal to the subsystems clock
rate, and since the number of possible topalogies {or states}) is > the number
of memory states available to the subsystem, the probability that a single-
avent tramsient may degrade subsystem gperformance does, indeed, seem
mintscule,

This paper presents & two step upset wverification test methodelogy which
addresses both viewpoinis presented above.

In step 1, a test is performed to determine whether EM transients can
affect subsystem performance. In this test, subsysiem observability is maxi-
mized and success s defined in terms of accuracy of a1l subsystem outputs
under transient excitation conclusions.

If all subsystem outputs are accdrate under transient excitation condi-
tions the subsystem is considered to be “hard” to EMP upset. Efforts are
currently underway to evaluate the fidelity (realism) and testapility
{coverage) of such a test.

If the first test shows that EM transients have the capability to alter
subsystem performance, 3 second test is proposed which guantifies the mission
impact of the EM transients. In this test, critical system attributes are
replicated, rather than simulated, and a numder of realistic missions are
completed. Success is dgefined in terms of reguired operaticnal measures of
effectivenass, such as delivered weapons CEP,  An I1(BM example 1s presented to
i1lustrate the concept. [Lfforts are currently underway to generalize the
approach for man-in-the-locp systems, [f this effort is successful, the need
for the first test may be eliminated.
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Title: Upset Testing Methodology for Electronic Systems
which Utilize the MIL-STD-15538 Data Bus

Authors: Danfel M, Ritt, Jeffrey M. Brocke, William Prather,
Barold Rimbert

Affiliation: Messers Ritt and Brocke are with Mission Research
Corporation in Colorado Springs, CO, Messars
Prather and Rimbert are with the NTAAT Division of
the Air Force Weapons Laboratory in Albuquerque, NM

Support: This work is supported by U.S. Air Force
Contract DC-SC~4088-4

Abstract:

The MIL~-STD-15538 “Adrcraft Internal Time-Division Command/
Response Multiplex Data Bus® is im widespread use in modern digi-
tal avionics subsystems. There has been a great increase in
interest, in the past few years, in hardening and hardness assur-
ance of digital systems subject to EMP and lightning. Recent
efforts have moved from protection from burnout to protection and
recovery from upsets. Methods are described for collection of
MIL-STD-15538 pus traffic through the utilization of specialized
hardware. Additional methods are described for computerized
analysis of bus traffic to detect possible upsets. The hardware
and software that is presented is currently being utilized in the
upset testing of an inertial navigation subsystem. Finally,
methods are proposed to enhance future testing.
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EMP RESPORSE OF OVERHEAD TRANSHISSIOR LINHES

Pavid P. Millawxd A.P. Sakis Meliopoules
School 0Of Electrical Engineering
Georgia Institute of Technology

Atlanta, Georgia 30032

Abstract

This paper presents a time domain, integrated transmis-
sion line model which explicitly represents frequency
dependent effects of line parameters, line grounding effects
and EM coupling. The model involves three components; a)
the model of the overhead conductors and the earth return,
b} the model of the transmissicn tower grounding system and
¢) the EMP coupling model to the overhead conductors and
transmission towers.

The model has been interfaced with the PSTS [1] program
which is an offspring of the EMTF. The PSTS includes other
power system network device eguivalents, l.e. surge arrvest-
ors, transformers, etc. which are combined to form a network
representation of an interconnected power system. The net-
work solution yields the veltages and currents anywhere in
the netwerk, including the ground system. After the
voltages are known, the voltage stress on tower insulators,
circuit breakers and transformer insulation can be
calculated.

Thig wmodel has been developed for the purpose of study-
ing the effects of HEMP illumination en an interconnected
power system. The model provides the ability to predict the
response of the electric power system to an EMP [2]. The
paper presents the model and preliminary results chtained
with the model. Specifically, a parametric study was con-
ducted to obtain the effects of; the grounding system [3],
soil resistivity, line construction, and EMP orientation.
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HEMP INTERACTION WITH AN ELECTRIC
PCWER DISTRIBUTION CIRCUIT

H.W. Zaininger
Zaininger Engineering Company

ADSTRACT

& high altitude nuclear burst, detonated at a height of 50 km or more causes

wwo types of electromagnetic pulses, high altitude EMP (HEMP) and magneto-
hydrodynamic EMP, which will interact with electric power systems. Previous
work {1} indicated that millicns of miles of electric distribution systems

in the United States may be especially vulnerable to HEMP incident simultaneously
throughout large portions of the United States. The purpose of this work {2}

was to perform an initial assessment of HEMP induced surges on a simplified
electric distribution system. This report presents the assumptions, methodology,
and resulting induced transient voltages and current atvarious points in the
distribution circuit in the microsecond timeframe, censidering the impacts

of HEMP incident simultaneously throughout the distribution system for a range

of parametric conditions.

The results of this work suggest that EMP could induce voltage transients that
far exceed the basic insulation level (BIL) cof distribution systems and that a

more detailed analysis is warranted.

1. ZzZaininger, H.W. FElectrpmagnetic Pulse (EMP) Interaction with Electric
Power Systems, Oak Ridge National Laboratory, ORNL/Sub/82-47905/1,
April 1984.

2. Zzaininger, H.W. and G.M. Jaszewski. HEMP Interaction with an Electric

Power Distribution Circuit. Oak Ridge National Laboratry, ORNL/Sub/
85X-738B6C, August 1985.
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HEMP-Induced Transients in
Transmissien and Distribution {T&D) Lines

N. Engheta
K.S5/H. Lee
F.C. Yang
R. Aguero

Dikewood

Division of Kaman Sciences Corporaticn
2800 28th S5t., Suite 370
Santa Monica, California 90405

ABSTRACT

The corona effects on the early-time induced transients on the
transmission and distribution (T&D) lines are caiculated based on two
different corona models; namely, the Townsead model and the
conductivity medel. Three different sopurces of excitation of the
lines are considered, which include a HEMP plane wave, a localized
voltage source, and a current injected at a point on the wire. The
induced current and charge are cailculated and compared with some
available experimental data and with the results of Baum's model, The
results iliustrate that the corona generally reduces the peak value of
the induced current as much as 30% of the value and decreases the rate
of rise by about 40%.

The HEMP-induced stresses across dielectric insulators in some
typical electric power systems are also calculated. The insulators
that are considered are line supports in T&D line poles, and
transformer bushings in distributica and power transfermers.

Different elevation and azimuthal angles of HEMP incidence with two
different values of ground conductivity are considered. The HEMP-
induced "potential difference” across the !ine support and air gap ia
the transmission [ines and the HEMP-induced open-circuit voitage
across transformer bushings are caleulated. The “"potential
differance” across the [ine support and across the air gap can be as
high as 7 #¥. The rise time of the “potential difference" is about
110 ns, and the fall time is about 2-3 us. The open-circuit voitage
across transformer bushings can be as large as few tens of MVs and the
risa time is in the order of 100 ns and the fali time 300 ns.

&0



MULTIPLE PARALLEL WIRES ABOVE A FINITELY
CONDUCTING PLANE EARTH IN THE PRESENCE
OF A PLANE WAVE (EMP)*

H. P. Neff, Jr.
University of Tennessee
Knoxville, Tennessee

I}, A. Beed
University of Tennessee
Knoxville, Tennessee

Abstract

The time-domain current induced in infinitely long, bighly conducting,
parallel wires above a finitely conducting plane sarth in the presence of a
ﬁlane electromagnetic wave is investigated. The plane wave is assumed to

ave its magetic field perpendicular to the axis of the wires, and takes the
time-domain form of a double-exponential pulse. Resulisindicate that the
currents are generally smaller than thatinduced in an isolated conductor
because of the coupiing between wires and the ground reflection.

*Research reported in this Note was spensored by the Division of
Electric Energy System, U.S. Department of Energy, and was performed
at the Oak Ridge National Laboratory under Contract No. DE-ACO05-
840R21400 with Martin Marietta Energy Systems, Inc.
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EMP-INDUCED CURRENTS ON WIRE ABOVE GROUND

Lars Jonsson, TEFKON, Koppargatan 4, $-421 71 ¥.Frdlunda, Sweden

ABSTRACT

The coupling between a plane-wave EMP and an fafinits thin wire
gbove & homogensous ground is studied. The coupling befwesn the
wire and ground contsins nc approximations other than the thin-
wire approximation. This demands numerical integration and we
use suiteble quadrature formulas with a high degree of accuracy.
To get the time~domain response we use a standard FFT (Fast
Fourier Transform) routine,

vargmeters 1ike wire height, ansles of incidence, soil conduc~
tivity etc can be freely varied and we discuss extreme parameter
values. The pulse shape is also varied.

The numerical integration needsd for finite s0il conductivities

is guite {ime consuming. We propose, therefore, a simplyfied
scheme where the incoming EMP is correctly reflected in fhe soil
but where the scattersd field from the wire is either not re-
flected (soi1l absent in wire-soil impedance) or perfectly re-
flected, This gives a Tower and an upper bound for tha currentf.

we use our results also to discuss the usefulness of transmission-

line approximations for the wive and earth system.

Reference: L. JBrsson, 5. Westerbzrg: EMP-induced currents on
wire ahove ground, internal report FOAY { Swedish
1

Hational Qefence Research Inmstituze dep. 2, Box 1163,

$-581 1% Linkdping, Swedan), 1985, not oublished.

62



EMP COUPLING ON OVERHEAD CABLES REVISTED

Dimitrios C. Agouridis
(§15) 5745596

Qak Ridge National Laboratory*
Dak Ridge, Tennessee 37831

ABSTRACT
Rigoroua analytical sclutlon of the problem of EMP coupling on cverhead

cables, reveals that maximum ccupling takes place when the critical

parameters {length &, height h, and angles ¥ and ¢) satisfy the
conditions:

[V Ego + 8yo = Byo 208y] Eyo stny

tang = {1}
2
FHo €084 * Eyg v Eyg + Eyo sin?y
2 h alny = (1 - cose cosy) & (2)

2 2
2n  FHo * Eyg T Eyo ¥ Eyo * Hyg cOSU

PO Ree =

&

E3 y sing (3)
Byg * Bye sin?y

Eye and Ey, are the horlzontally and vertically polarized components of
the EMP electric fleld.

These condltions result in significant changes (relative to old
solutions) In the level of EMP-induced transients when the elevation
angle of linclidence ¢ i3 near zero,

*Qperated by Martin Marietta Energy Systems, Inc., for the U.S,
pepartment of Energy under Contract No, DE-ACDS5-8HORZ14C0.

By accuptanca of this articte, the
puBblisher ¢r racipiant acknowkadgas
the U.5. Goyarnment's right to
retain a nonexclusive, royaity-free
licarag in and t¢ any copyright
covaring tha ariicla,



THE RESPONSE OF ABOVE-GROUND LINES TO TRANSIENT
ELECTAOMAGNETIC FIELD EXCITATION

F.M. Tesche

tutech, Inc.
3742 M. Diablc Blvd.
Lafayette, CA, 94549

Abstract

This paper discusses some of the calculational models which can be
used to estimate the response of overhead lines, such as power
transmission or distribution linas, fo transient electromagnetic [£M)
field excitation. This excitation could appear in the form of & plane
wave, as in the case of nigh altitude EMP, or as a radiating spherical
wave, Tormed by a localized lightning discharge. In both cases, it is
possible to formulate the solution for the induced current in an
integral equation ferm for a rigorous solution, or one can use z
transmission line approach for determining am approximatsz, yet
surprisingly accurate, solution.

In this paper, the transmission line approach for solving these EM

coupling prohlems is discussed, and the results of several different
calculations are presented.
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ON THE FRONT-OF -WAVE OF EMP INDUCED POWER LINE SURGES

Paul R, Barnes
Power Systems Technology Program
Energy Division
Qak Ridge National Laboratory
Oak Ridge, Tennessee 37831

ABSTRACT

An important characteristic of electromagretic pulse {(EMP) induced
transients if the front-cf-wave (FOW) which describes the rate of rise,
time to reach peak amplitude, and the value of the peak amplitude. For
overhead transmission and distribution lines, FOW d¢epends on the angle
of incidence, ground characteristics, height of the line above the
ground, and EMP wave polarization and time history. An upper bound to
the rate-of-rise of the induced surge can be obtained by selecting a
single exponential function of time to represent the EMP wave form.

The results of a parametric study on the FOW and EMP power line
transients are discussed in the presentation.

*

Research sponsored by the Office of Energy Storage and
Distribution, Electric Energy Systems Program, U.S. Department of
Energy, under contract DE-ACD5-840R21400 with Martin Marietta Energy
Systems, Inc.
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Effect of Coroma on the Response of Infinite-Length
Transmission Linee to Incident Plane Waves

Carl E. Baum
Air Force Weapoas Laboratory
Kirtland AFB, New Mexico B87117-6008

Abstract

This paper appiies a simple breakdown model of the corcna around
a wire to calculate the response of the covona and wire (charge per
unit length and current) to an incident tramsient electromagnetic
plane wave., This wire is assumed to be perfectly conducting and of
infinite length, It may be in free space or parallel to a grouad
plane. A transmission-line approximation is used for these
calculations.
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AN EXPERIMENT TO DETERMIME THE EFFECTS OF CORONA O THE
EMP RESPONSE OF A CONDUCTING LINE™

J.P. Blanchard
LuTech, inc.
3742 Mt. Diablo Boulevard
Lafayette, California 94549

Abstract

Ysing a corons model described by Carl Baum [1], ar experiment is
proposed to examine the effects of corena on a conducting line suspended
in free space at a known angle with respect to the E-field of a high
attitude electromagnetic pulse (HEMP). Various parameters of Baum's model
are znalyzed in terms of their impact on corona formation. An experiment
design to maximize corona effects is discussed. Since the experiment will
be conducted sometime in April or May, 1986, this presentation will
incluge an up-to-the-minute discussicn of the results of the experiment.

Reference
L Baum, C.E., "Effects of Corona on the Response of Infinite-Length

Transmission Lines to Incident Plane Waves™, EMP Interaction Mote
443, Air Force Weapons Laboratory, Albuquerque, NM, February 1985,

“Research sponsored by the Gffice of Energy Storage and Distribution, US
Uepartment of Epergy, and was performed under subcontract number 19X-
0Z27461C with Martin Marietta Energy Systems, inc.
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A WIDE BANDWIDTH ELECTRIC FIELD SENSCR FOR LOSSY MEDIA

Terry M. Flanagan
JAYCOR
P.0. Box B5154
San wiego, CA 92138

and

Carl E, Baunm
Air Force Weapons Laboratery
KRirtland A¥B, NM 87117

Methods for memsurement of the electrie field in lossy media
have been sddressed by & number of suthors (Ref. 1-5), The
pengsor described in the referenced papers have been dipole
designs which messure one component of the electrie field. To
achieve proper calibration and wide bamdwidth, matching of the
impedence of the sensor to the media in which the electric
field is to be measured is required. in this paper we describe
8 wide band electric field sensor which measures the two
orthogonal components of the field, and which can be used in
media with a wide range of conductivities.The sensor degign
condigtd of five parallel conductors {Cu tubes in our first
implementation of the design). grranged on a dielectric cross
with the conductors perpendiculr tec the plane of the cross,
The tubes at each of the four ende of the cross are connected
through resistor gtringe to & rod at the center of the cross,
which serves ag a common reference point for the measurements.
The lower portion of each registor srring is & 50 ohm
resistor. The voltages acroseg the two 50 obm resistors
eggociated with one plane of the conducting rods are
gubtracted in a balun t¢ give a measure of the average
alectric field between the rods. Similarly, the reristoxs
agsocisted with the other plane provide a measure of the
electric field in the orthogonal direction. Measurements of
slectric fialda in seil (107“ s/m) have been performed with
this sensor, and the risetime was found to be faster than the
pulsed electric fieid (spproximately 7 naec.)

References

1 C. E. Baum, Sensor and dimulation Note #13.
2 G, E. Baum, Sensor and Simulation Note #15.
3. ¢. BE. Baue, Sensor and Simulation Note #19.
4. G. E, Baum, Sensor and Simulation Note #26.
5¢ C. E. Baum, Sensor and Simulstion Note #33.
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An Automated Measurement Probs
Verification System (PV3)

J. Cafferky
EG&G Washington Analytical Services Center, Inc.
P.0. Box 9100
Albuguerque, NM 87118

EG&C Hashlngton Analytical Services Center, Inc., has developed a
hardware application for the Naval Sea Systems Command which automates
the status verification of measurement probes used for signal detection
in support of EMP testing. -

The concept of probe varification relles on the transmission of a
known slgnal into a data link and subsequent geasurement and character—
ization of the resulting slgnal to determine the status of the copnected
proba. The transmitted signal is passively perturded by the aelectrical
personality of the probe rasulting in a distinet waveform. Comparison
of the resulting waveform with an expected norm for the specific probe
indieates whethsr the prove is slectrieally shorted or open, mechani-
cally closed or open, not connected to the data link, or not the cerrect
probe type. In addition to the status of the prebe, data used for the
calculation of several other parametsrs guch a3 DC offset, RAMS or aver-
age noise, and system galn calibratlon can be acquired and the resulting
values passed Lo an external data acgulsition system for Iincluslen in
the correctlons applied to acquired data.

The system consists of a low speed digitizing oscilloscope for
acquisition of the referenced signal and a high speed, 16-blt instrument
controller to examine and characterize the acquired data uaing a combli-
nation of custom and commercial software. In order te maximlze through-
put, the conbroller directs the digitizer te acquire new waveforms while
concurrently processing, or displaying previcusly acquired data. Wave-
forms which indicafte a problem can be redisplayed on the csailloscope’s
diaplay for operator ilatervention. The centreller provides addizional
oparataor Iinteraction and control through {ts display and keypad.

Information concerning the "address of the data link, input address
on a remcte transmitter, and the type of measurement probe ars oassed to
tha PVS elther smanually or via a remcte link from an external data
acquisiticn syatem, This information ls used by the PY3 to command a
multichannel data link control unit for the purpose of eatablishing the
link status necessary for verification,

This work was sponsored by the U.S. Naval Sea Systems Command under
Contract NOQO24-84-C~5357.

89



PROCESSING, EVALUATION AND ANALYSIS
OF THE MAGNETIC FIELD DATA ACQULIRED B8Y THE
P 106-B NOSE BOOM SENSOR

D.¥. Girt
Pro-Tech, 125 University Avenue, Berkeley, CA 94710

and

S.H. Sands
LuTech, Inc., 3742 Mt. Diablo Blvd., Lafayette, CA 94543

Abstract

The theoretical considarations usefu) in designing an airborne platform
for transient or broadband CW electromagnetic field measurement have been
reported in the past [1]. These considerations were applied in specifically
designing & nose boom S-dot sensor for the NASA F 106-B aircraft [2].

Based on this design and some refinements, such a sensor was procured by
the Air Force Weapons Laboratory and extensive data gathered during the EMP
testing of the ajrcraft in February-March 1984.

This paper presents the results of processing and analysis of the
data. Some additional processing methods which appear possibie in future
effarts of this nature are also indicated.

[1] D.V. Giri and C.E. Baum, "Airborne Platform for Measurement of Transient
or Broadband CW Flectromagnetic Fields,” Sensor and Simulation Note 284,
22 May 1984.

[2] D.¥. Giri and S.H. Sands, "Design of Incident Field B-Dot Sensor for

the Nose Boom of NASA F 106-8 Aircraft,” EM Platform Memo 1,
5 September 1983.
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EFFECTS OF AIRCRAFT INTERACTION ON PERFORMANCE OF B-DOT SENSOR EOR
DELTA-WING AND CARGO-TYPE AIRCRAFT

Yaldis V. Liepa
Radiation Laboratory
The University of Michigan
Ann Arbor, Michigan 48109

Brian Kuhiman and Arturo Serano
Technology/Scientific Services, Inc.
Dayton, Ohio 45431

When an aircraft is used as an airborne platform for
supporting an electromagnetic sensor, the afreraft will introduce
field distortion and thus affect the measurement accuracy. Any
object, metailic or dielectric, will produce scattering, but the
effects of scattering may be minimized by properly choosing the
Tocation for the sensor. Theoretical considerations using
simpiified models suggest that to measure a horizontal magnetic
field paraliel to the fuselage, for example, the best location
for the sensor are in the plane of symmetry of the aircraft,

gither at at the nose or aft of the aircraft, and near the axis
of the fuselage.

The precise lacation of the sensor can for simplified
aireraft geometries he determined by calculations, but for more
complex shapes scale model measurements can be used,

In this talk resuits of scale model measurement study to
determine the optimum location of the sensor as well as sensor
performance are presented. The examples presented are for
a delta wing aircraft with sensor mounted forward of the
aircraft and for a twin engine cargo aircraft with the sensor
mounted at the aft,
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Recent Fiber Optic Data Link Developments

J, Eberly and J.R.R. Presgsley
EG&: Washingbon Analytical Services Center, Inc.
P.0. Box 9100
Albuguergue, New Mexico 87119
Usa

The past four years have seen many improvements in conventional
LED=based, wide-band, analog, fiber-cptic (FO) telemetry links used in
the acquisition of EMP data, EG&G has incorporated an eight-Input relay
tree into the front end of s remotely controllied FO transmitter. A
single controller operates up to eight such transmitters, providing pre-
instrumentation of up to 64 inmputs, Each FC transmitter contains a
microprocessor to handle command and verify communication with the
controller and to implement remote commands, Each FO transmitter also
containg programmable attemlators and mmplifiers to provide a selectable
system gain Ifrom -64 to +40 dB in 2-dB steps. An internal calibration
generator in the FO transmitter may also be switched in either with or
without the input signal providing both link gain and sensor connection
verification, One version of the FO tranamitter alac provides a remote=-
ly selectable one microsecond integrator to provide direct connection to
a derivative output sensor, The FO telemetry link band pass (-3 dB
points) has been extended to cover from 1 kHz to 150 MHz, and the
dynamic range has bteen increased to U7 dp.
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SGME ISSUES OW DATA CORRECTIOWS: DATA COMPENSATION AND MOISE

F. Hong
Kaman Sciences Corp,, Dikewood Division
Santa Monica, California

This paper is divided into two parts. 1In the first part, a comparison
and anaiysis between raw and compensated EMP peak values show that

1. Differences between the raw and compensated data are small, and,

2. We can repiace this complicated process of compensation by & simple

procedure with little error,

In order to perform accurate post-test analysis, one must correct for
the errors introduced by instrumentation and digitization. The second part of
the paper discusses several procedures for integrations and Fourier transform
of time-domain data to deal with static noise ard digitization errors. Alsc a
model is used to estimate the effect of digitization miss on the signal
spectrum.
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RETRIEVAL OF TIME DOMAIN PULSE FROM MAGNITUDE SPECTRUM
IN EMP FLOWDOWN ANALYSIS

Won K. Choi and Rich Stewart
IRT Corporation
San Diego, CA 92121

A Hilbert transform algorithm has been developed using an impulse train
technique under the minimum phase condition, and applied to reconstruct the time
domain EMP response {rom the magnitude spectrum alone.

Electromagnetic pulse analysis is often mnecessary to predict and characterize the
EMP induced threats at the various points of electronic systems, such as the surface
current density on the subsystem e¢nclosure, or pin threats on the cable connectors,
ete. Due to the complex nature of the wide band EMP energy coupling problems,
the flowdown analysis is commonly performed in the frequency domain using only
the magnitude specirum and igeoring the phase informations. Therefore, the
analysis resulis are restricted to eonly the magnitude spectrum. [t is, sometimes,
required to know the time responses, of the resuits, such as the open circuit voltages
and the short circuit currents,

If a complex function i a {requency domain is analytic and satisfies the
minimurn phase condition, it real znd tnsginary components are related by the
Hilbert transform integral. The inverse Fourier transform of the complex function
will result in & real, casuzl and stable time domain response. The characteristic of
a time domain signal which satisfies the minimum phase condition is that most
actions take place early in the time and zpproach 10 zero as time increases. Most
EMP respeonses are in this category and satisfly the minimum phase condition. This
transform algorithm takes the advamtage of the characteristics of the EMP sigpal
The phase spectrum can be obtained from the magnitude spectrum using the Hilbert
transform integral which is & comvolution of a Kernmel function and a 1/f funcrion.
The Kernel function contains the magnitude informations. The convolution and its
propertics are the key points of the impulse train technique which can evaluate the
integral fast with accurate resuits. The phase spectrum is expressed as

R N
X () = -;17- n% A L(E-E)em|£-€ [ + (£+£) gnl£+f 1]

where Ay is the coefficients of the lcgarithm of magnitude spectrum, XR(f), and N
is the totzl sample number . The magnitude spectrum and the rzconstructed phase
spectrum are inverse Fourier transformed 1o obrain its time response,

This code has been tested and provided very accurate results when the function
satisfied the minimum phase condition. It has been effectively utilized to retrieve

time domain responses from the magnitude spectrum in most of the EMP flowdown
anaiysis.
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A NOVEL TECHNIQUE OF PREPROCESSING NOISY DATA FOR A PRONY ANALYSIS

By
3. Giles, €. B. Taylor
Yisaissippi State Universaity
F. €. McCloskey
TRY, Albuquerque
E. Harper
Air Force Weapons Laboratery

AB3TRACT

Generally when an electrical system 1s {lluminated by an electromagnetic

pulse (EMP), such as the nuclear EMP or a lightning #MP, the induced cure

. rents and voltages are the superpositions of damped sinusoids. Moreover,
the scattered field is also a superposition of damped ainuscids. Conse-
gquently, EMP teat data can be expressed slmply in terms of the damped
ainusoid parameters. A tachnique for obtaining these paraceters was
developed in 1795 by the French mathematician Prony (1). This technique
became a practical reallty only with the advent of high speed digital
COmpULers.

When the Prosy wethod ia applled to precise time domain data, accurate
results are generally obtained. However, if even a small error ({ 1%}
is introduced in the data, the Prony method suffers from instabllity and
inacecuracy. As a result, a number of alternative approaches have been
investigated {2}, The most promising techniques appear to be the hasic
Prony applied to data that has been preprocessed.

The novel technigue that is developed here for preprocesslng nolay data
to be analyzed by the Prony methed involves using an effective "noise
filter® formed by a harmonic expansion of the data waveform. A serial
correlation caleulatlion is used to determine the relative randomness of
the error between the harmonic expansion and the data waveform on a point-
by-point comparison. An opbimum order for the harmenic expanalon i
selected on the basis of a minimum corralation. This optimum expanaion
represents a neise-reduced waveform which asllows the use of Prony analysis
on noisy data with signal-to-nolse ratios a3 small as 20d4B.

REFERENCES

t.» R. Prony, "Essal Experimental et Analytique sur les Lois del la Force
Expansion de la Vapeur de L'Abcol, a Different Temperatures,” J. L'Heole
Poly Tech (Paris), Vel. I, no.2, pp 24-76, 1795.

2. J. R. Auton and M. L. Blarieum, "Investigation of Procedures for Auto-
matic Rescnance Extraction from Noisy Transilent Electromagnetie Data,
Volume [~ Investigation of Resonance Extraction Procedures,® Mathematics
Note 79-Vol. I, August 1581,
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TRANSIENT INSTRUMENTATION CORRECTION
R.J. BALESTRI
BOM CORPORATION
1801 RANOOLPH R{). SE
ALBUQUERQUE , KM 87128

The use of CW instrumentation calibration data to perform corrections
to transient EMP  data has led to the development of spacial algorithms to
handle +the zere freguency component of the measuyrsd response., This has
avalved from the appliction of Llinear systems theory as developed for
steady state responses. In this approach ihe system is represented as
Mluwd=H{w!G(w) where Wluw) is the frequency domain representation of the
measyred signal, Hlw) is the instrumentatio "transfer” function and Stw)
is the freguency domzin repressntation of +the system input. This
formaylation 1is derived from thke infinite Fourier transform of the
convoluytion integral defining the measursd response in terms of the system
inpulse response  mitl=h{t-t)+¢s{{) which reduces the steady state
formulation if hit) is & function or tf the signal docstion is very long
uith respect to the duration of hiil. However, in the case of EMP
transients and typical current probes, the probe impulss response i3 a
factor of tem grsater then the signal duration. Use of the steady state
formulation leads to a numerical and sathematical problem 2t the zero
freguency componant of  the messuresent when attenpting te obtasin S(u) by
diviaion. The {fipite duration of the signal wmust be taken into account
and the finite Fourier iransform of the convoluiion over the signal
duration T leads to M(w, Tish(uw TieS{w, T, The affective duration ot the
impulse respense of a band pass probe is @he period of the lower break
freguency. The nat area under the impulss response is zero when
integrated 1o 2 or 3 times the effective period. In the tase of EMP type
probes, this occurs at 198 KHz which has a perioed 180 s. Trunction of the
signal typically occurs  around -2 s and the effect is to introduce a
zero f{reguency component inte H{w} representing the net acea of the
truncated inmpulse responsa. When properly computed, the singularidy at
the zero freaquency component is remove.

The proper method of cdomputing the instrumentatien correction is to
inverse Fourier transform the LU calibration data tec obtain the the
impulse response. This rssponse 1s then truncated at time T and sampled
at the ogiginal sampling rate of the data. The trupcated and sampled
impulse response is  then Fourier fransformed to ohtain Hlw,T) for use in
linear systems formulation.

Oata will be presented which illustrate the effects of wusing the
proper  instrumentation compared to the classical approach of using the {U
calibration data.

76



EVALUATION OF DATA ERRORS INTRODUCED

BY NOISE, SAMPLING RATES AND COMPOSITE WAVEFORMS

Dean 1. Lawry and Clayborne D. Tavior

Air Force Weapons lL.aboratory, Kirtland AFB, NM 57117

Abstract

This paper evaluates the errors introduced by instrumentation
noise, digital sampling rates and composite waveforms generated
from multiple digitizer records used to record long duration
events. Individual and combined errors are evaluated as well as
their impact omn analysis and conclusions.

Analytical waveforms representative of the freguencies and
damping factors normally experienced during EMP testing of
aircraft are used to demonstrate and guantify the errors
introduced by instrumentation noise and sampling rates. Effects
of noise on composite waveforms using time tieing of multiple
data sets well as the limitations imposed on the use of this
noisy data are also evaluated.

Comparisions of the results using the analytical wavefarms
are made with actual waveforms having similar characteristics.
Differences between analytical and actual waveforms are analyzed
to determine the applicability and limitations of these results
far aircraft EMP test data.

References
G. W. Wood and 7. F. Trost, "Electromagnetic Resomances of

Cylinders and Aircraft Model with Resistive Wires," AFWL
Lightrning Phenomenology Note 1S, April 1984,
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A METHODOLOGY TO ASSESS THE EFFECTS
OF EMP ON CIVILIAN ELECTRIC POMER SYSTEMS*

J. R. Legro
Westinghouse Electric Corporation
Advanced Systems Technoclogy
777 Penn Center Boulevard
Pittsburgh, Pennsylvania 15235

ABSTRACT

This paper presents an overview of an assessment methedology developed
to explore the possible effects of high-altitude EMP interaction with
civilian electric power systems. The methodology is applicable to both
equipment and system-level response(s) due to early-time HEMP and
later-time MHD-EMP,

The HEMP assessment methodology allows the use of spatially distri-
buted, EMP environmenta? specifications to estimate system response of
large, interconnected electric utility grids. Stress to strength com-
parisons are used at the device/equipment Tevel. Risk assessment, "fault
tree" analysis techniques are employed to investigate facility and sub~
system performance. System-leve]l assessments are accomplished using
existing load flow and transient stability codes.

The MHD-EMP assessment methodology has been developed from known
techniques to investigate the response of electric power systems to geo-
magnetic storms. Low-freguency, circulating currents, induced in the power
system, are estimated by network analysis. Equipment analysis focuses on
the possible overexcitation of power and instrument transformers. Sysiem-
level assessments incorporate the consequential effects due to overexci-
tation. Such effects may include: increased system reactive power
requirements, reduced bus wvoltage(s), and power-frequency hamonic
generation.

*esearch sponsored by the Division of Electric Energy Systems, United
States Department of Energy, through the 0ak Ridge National Laboratory,
Subcontract No. 15X-43374C.
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SIMULATER MHD-EMP INTERACTICN WITH
AN ELECTRIC POWER SYSTEM®

d. €. Crouse
G. B. Rackliffe
Westinghouse Electric Corporation
Advanced Systems Technology
777 Penn Center Boulevard
Pittsburgh, Pennsylvania 15238

ABSTRACT

The magnetohydrodynamic electromagnetic pulse (MHD-EMP) enviromment
created by & high-al titude nuclear event is quasi-dc in rature and closely
resembles the environment produced by geomagnetic storm  phenomena,
Analysis of the time domain and frequency domain components of the MHD-EMP
glectric field show that the MHD-EMP environment and severe gecmagnetic
storm enviromment are similar. The only significant difference between the
two enviromments is the directicn of the electric field. The MHD-EMP event
produces a non-conservative electric field, versus the east-to-west
direction {in North America) of the geomagnetic storm inducsd electric
field with increasing magnitude from south to north.

The electric fields produced by MHD-EMP interact with electric power
systems to produce d.c. currents in the power Tlines. The effects of the
MHD-EMP from two simulated high-altitude nuciear events on an electric
power system are assessed using a methodology that parallels the
mathodology daveloped 1o assess the effects of geomagnetic-induced currents
(GIC). The transmission and subtransmission power systems, 50G kY to 69
k¥, are modeled. The d.c. curreats induced in the power system are shown
to be larger than the GIC produced by severe genmagnetic storm disturbances
for one of the MHD-EMP events and smaller for the other MHD-EMP event. The
difference in the MHD-EMP effects 1is explained by the location of the
high-aliitude nuclear event relative to the power system.

*Hesearch sponsored by the Division of £lectric Enerqgy Svstems, United
States Department of Energy, through the 0Oak Ridge National Laboratory,
Subcontract No. 15X-43374C.

79



EMP EXPERIMENTAL TESTS ON LARGE
ELECTRIC POWER APPARATUS*

E. R. Taylor, Jr.

Dr. J. C. Crouse
Westinghouse Electric Corporation
Advanced Systems Technology
777 Penn Center Boulevard
Pittsburgh, Pennsylvania 15235

ABSTRACT

There are little data available on the response of electric power
apparatus to EMP, These data are necessary to the assessment of EMP on
electric utilities.

The pnitosephy of the selection of the tests and of the egquipment to
be tested are discussed. Experiments are described to provide data for
determining eguivalent circuits, or voltage and current transfer functions
for power apparatus such as transformers. Selected results of these
experiments are givan.

*Researchn sponsored by the Division of Electric Energy Systems, United
States Department of Energy, through the 0Oak Ridge Naticnal Laboratory,
Subcontract No. 15X-43374C,
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ASSESS THE [MPACT OF STEEP FRONT, SHORT DURATION IMPULSE ON
POWER SYSTEM INSULATION--A REVIEW OF PROGRESS TO DATE™

B. W, McConnell
Pawer Systems Technology Program
Energy Division
Oak Ridge National Laberatory
Gak Ridge, Tennessee

L. M. Burrage
Cooper Indystries
McGraw-Edison Power Systems
Milwaukee, Wisconsin

ABSTRACT

This paper discusses the results to date aof a project to assess
the impact of steep front, shert duration (SFSD} impulse on insulation
systems, in particular power systems ¥nsulatien. The Phase [ effort of
the project has produced an extensive listing of references {1940-date)
covering the open literature and selected unclassified results from
restricted sources. A summary of the overall content of this listing
is presented. In particular, results of experimental investigations
and anomalous failures of power system insulation systems are given.

Known sources of SFSD impulse, including both natural and
man-made, are discussed. The shapes of these SFSD impulses are
compared to the "standard" test pulses used in qualifying power system
apparatus. The raticrale for the selection of three pulse shapes for
further experimental investigation of power systems insulation response
is examined and the parameters of the pulses are presented.

A comparison of power systems apparatus reflecting the
vulnerability of the apparatus' associated insulation system to SFSD
impuise and the relative ease of replacement of the apparatus is
summarized and a program for future research (Phase Il) is outlined.

*Research sponsored by the Office of Energy Storage and
Distribution, Electric Energy Systems Program, U.S. Department of
Energy, under contract DE-ACG5-340R21400 with Martin Marietta Energy
Systems, Inc. 81



EFFECT OF EARLY TIME HEMP ON PCWER EQUIPMENT
AN INITIAL EVALUATION

A. R. Hileman
Westinghouse Electric Corporation
Advanced Systems Technology
777 Penn Center Boulevard
Pittsburgh, Pennsylvania 15235

Dr. F. M. Tesche
LuTech, Incorporated
3742 Mt. Diabla Blvd.

Lafayette, California 94548

ABSTRALT

The early time HEMP induced vcltages on transmission and distribution
lires throughout the continental USA are calculated and compared to
equipment insutation levels fo produce an initial assessment of the systems
which are most vulnerable to early time HEMP.

*Research sponsored by the Division of £lectric fnergy Systems, United
States Department of Energy, through the Qak Ridge MNational Laboratory,
Subcontract No. 15X-43374C.
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ANALYSIS OF TRAMNSIENT ELECTROMAGNETIC FIZLDS
IN COMMERCIAL POWER SUBSTATIONS

C. M. Wiggins, D. B. Thomas, and R. L. Hutchina
The BDM Corporation
1801 Randolph Road SE
Albugquergque, New Mexice B710§

Power outages can result from damage or migoperation in swit-
chyards caused when high-voltage switching transients are coupled
into sensitive substation protective egircuits. Having EMP-like
chavasteristics, these transienta can be caused by normal swit-
ching operations as well as faults. A timely understanding and
solation to this problem is impertant for two reasons. Firat, to
meet the increasing demand of consumnaers, ths powar industry is
raizsing ‘the voltages of transmission lines thus inereasing the
amplitudes of switching transiants. Second, more ssnsitive microe-
processcer-~ basad controlliers are being utilized in modern substa-
tion protasctive sircullas thue incrsasing their potential suscep=-
tibility to EMI effects. This paper describes an approach curren~
tly being emploved fo davelep and walidata a model which will be
used to predict and reducs effects of aelectromagnetic intarferen~
ce caused by switching phenomsena in high-volitage substations. The
apprepriateness of advanced electromagnetic modelling and compu~
ter~controlled data acquisition teehnicques developad for EMP
coupling assessments on aerospace systems to the solution of this
problem will be reviewed.

This work is Dbeing sponsored by the Electric Power Research
Institute (EPRI), Palo Alte, Ca. Subcontractor support is being

providad by McGraw-Edison, Canonsburg,Pa. and Mississippi State
University.
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EMP effect on the electronic eaquipment of a HY substation

by Ph. Biech and M. Ianovici

Federal Institute of Technology, 16 ch. de Bellerive, CH-1007 Lausanne
Switzeriand

it is generally admitted that the peak value of the overvoltages induced
by an EMP on a HY Tine are of the order of magnitude of those produced
by a tightning stroke. With the exception that an EMP can illuminate si-
aultanecusly the whole network of a country, its effects on the HY eleg-
trical material should be comparable to those due to lightning strokes.

However in a HY substaticn there is an electronic eguipment used for con-
trol and protection such as micreprocessors for the HY network management,
electronic relays, alarms,etc. This equipment receives information and
sends commands through Tines having tens or hundreds of meters of length
which can act as antennas for an electromagnetic field and peak up signi-
ficant disturbances due to an EMP.

The aim of this paper is to estimate the level of such disturbances and
their effect on the electronic equipment using a numerical simulation
based on computer codes.

Three penetration paths have been choosen in order to put into evidence
the consequences of such a phenomena : a connectian from a bay cubicle

of the substation to the eguipment situated in the main building, a con-
necticon inside the building and 2 coaxial transmission in the ground wire.

Transient voltages with peak values up to about 40 kY at the entry of the
electronic equipment hava been found for the first case if no protection
measures are provided (non-shielded conductors, no suppressors). The si-
tuation prooved to be less eritical for the two other cases, duge to the
attenuation provided by the building and by the sheath of the coaxial
transmission placed in the ground wire.

In the conclusion possible protection measures are briefly discussed.
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UNCOMMCN DEVICES TC PROTHECT FACILITIES
FROM VERY HIGH LEVEL TRANSIENTS INDUCED ON PGWER LINE BY
LIGHTNING OR EMP
G. PERROTON - AEROSFATIALE BF 96 78133 LES MUREAUX CEDEX FRANCE

ABSTRACT

In lightning or EMP protection problems it is sometimes necessary to take
ints account very high transisnts collected by the commercial power line,
These high transients may occur in cases of direct lightning strikes on the
line, or in cases of E£MP due to low altitude burst or ground burst close to
the line. 1In theaes cases the common protection devices with sparkgaps are
not sufficient when the energy to absorb is higher than a few tens kJ.

The preséntation will discuss the limitations of usual protection devices,
the threat level in extreme cases and will present thres different uncommon
devices to preserve the ingide of a protected aera Ffrom the iransients
collected cutside. These devices have been gualified and some results of
test will be presented.

The first device is composed of an AC or DC motor and an AC
generator jeined by and insulating shaft. The special design of the shaft
allows to get a very high insulation hestween the outside of the protected
aera {"dirty side”) and the inside ("clean side")}. This device 1s suitable
for small power up to 5 kV4 and must be installed through the wall of a
Faraday cage.

The second device is an hydraulic system composad of an AC motor
with an hydraulic pump. The high pressure oil flows through the liner of the
Faraday cage. Inside of the protected aera are installed an hydraulic moftor
and an AT generator. This device has been qualified for a power of 100 kVA
but the same principle can be applied Tor higher power, The insulatieon level
is not directly dependant on the power.

The third device allows to improve significantly an existing
protection based on sparkgaps or can be included in a new design. In very
sevares anvironnement, protection devices may have to withstand several
direct lightning strikes or very energetic EMP transients. The improvement
of arresters energy capability consists in a very fast circuit shorter with
an adequate command device. This protection system iz available for single
phase or three phases. It needs ne auxiliary power supply because it uses a
part of the energy of the discharge current to action the circuit shorter.

The operating power is not limited by the protection device (up to several
hundreds &KVA).

These three uncommon devices have many advantages : high energy capability
to absorh extreme EMP or lightning transients, simple and sound design, low
maintenance cost, and they may replace or improve usual protection devices
based on surge arresters and filters.
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ARE THERE BLACKOUTS IN QUR FUTURE?

Harry W, Colborn
North American Electric Reliability Couneil
Research Park, Terhune Road
Princeton, New Jersey 08540

We have just passed the fwentieth anniversary of the
Northeast Blackout of 1965. What has happened in the interim to power
systems, their construction and operation, that would make us more or less
susceptible to recurrences of that event?

There have been changes in the economic situation, in the
sensitivity fo the environment, in the state of the technology and in the
relationiships befween government and the regulated industry. All of these
changes in the past two decades have had, and will have, effects on the
ability of utility systems to withstand disturbances — whatever the souree,

The good, and not o good, differences between the present
situation and that of 1865 gre diseussed, along with projections of future
religbility. The effect of muitiple disturbances is deseribed, and the
congequences of the ever-present laws of Murphy ere consgidered.
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Pulse Iniection on a Power Plant,

6rjan Borgefalk

EMP Section

The National Defence Research Institute,
Box 1165

$-581 11 LinkSping,

Sweden.

In order to investigate the propagation of a conducted pul-
ge in a power plant, pulae injection was used aa a test
nethod on a Swedish power plant.

A 100 kV pulse generator waa coupled to the systewm at thres
different points: to the swibchyard, to a 200 meter long
power ling and directly to the main tranaformer. The cupw
rent measurements that were made in and at peinta adjoining
the awltchyard delivered data for the calculation of the
tranafer fuyncticn, the peak current attenuation and the
current distribution of the switchyard. By combining these
data with the results Trom the meagurements on a 200 meter
tong power line, it was also possible to estimate the
effect of a switchyard on a conducted pulse nearby a power
ingcallation.

The pulse injection aetup at the main tranaformer was
designed to give a well defined double exponential pulse at
the tranafermwer input. Current and voltage were measgured
at the transformer input and cutput, and by applying a
Fourier tranaferm to the time domailn data, the input impe-
dance and the transfer functilons c¢ould be calculated.
Finally, meagurenments were made at several points of the
control aystem. Peak levels and charachteristic frequenciles
were detected and analyzed.

The results indicate that the switchyard has an attenuating
effect on the peak current value by one order of magnitude,
Due to the bushing at the tranafoermer input, the game agte-
nuatlon was obgerved for the main transformer.
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Historical Summary of Rescnance Extraction In General
and Prony’s Method In Particular

Hichael L. Van Blaricum
General Research Corporation
5383 Hollister Avenue

Sants Barbara, €A 93111

Since 1874 a quest, of sorts, has been on to find the ideal signal
processing algorithm to extract the singularity expansion parameters
from measured test data {electromagnetics}. Investigation of parameter
extraction in both the time and frequency domain have been studied.
Accusations of windmill jousting rose (particularly from the pure signal
processing experts), but did not siow down the search for the ideal
algorithme. Technigues such as Prony's method, Pencil of Functions, and
recursive least sguares techniques have al)l been used. It has since
been shown that almost all technigues are variations on Promy's method,

HMany specific issues relating to the mathematical expression and
the physical understanding of the interaction process have been studied
over the years. Such problems as signal—-to-noise ratio, yank of the
system, and existence of an entire function have all been locked at and
a lot of insight has been gained.

This paper will present an historical synopeis of this quest. An
attempt will be made to illuminate all the high and low points of the
studies over the years, In addition this author’s biased view of the
issues will be presented.
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USE OF COMPLEX CGEMODULATION IN ANALYZING
DAMPED SINE WAVE HESPONSES

#. T. Davis

An electremagnetic pulse {EMPY incideat on an ailrcraft
system induces currents on the skin, which then couple throeough
points of entry in the surface to induce currents on the wires
connected to eliectronic components 1nside the aircraft. The
currents ares of short duration, typically 2 to 5 us, and are
typicalily sampled at interals cf 1 to 20 ns., Ffor any meaningful
analysis, the data have to be converted into phvsical parameters.
The singularity expansion wmethod (SEM) provides a reascnable way
te parameterize the system response.

The SEM introduced by Baum provides a physically meaningful
way to characterize a conducting bedy’'s response to EMP. The
respoense of a conducting body to an incident EMP wave is
axpressed as a sum of complex exponentials wusing parameters
related to the naturel modes of the conducting body. This para-
meterization noet only reduces the amount of data required to
characterize a sample realization, but alsc reduces it to terms
that are physicalily useful. Ideally, the parasmeters can be
predicted from wmodels of the aircraft surface. However, the
complexity of an sircraft surface makes it difficult to formulate
and solve the scattering prebiem for an exact aircraft model.
Therefore, simpliried models, which preserve the global features
of the aircraft, are used to obtmin mathematically tractable
solutions. This makes i1t important to have numerical methods of
estimating the pnatural modes from data.

A methed of estimating the natural modes from the data,
complex demcdulation, is presented in this presentation. The
sepaitivity of complex demodulation +to noise is discussed.
application to more complex problems, such as spatial filtering
to estimate natural modes, is mlso discussed.
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SIGNAL PROCESSING AND ANALYSIS
OF
F-108B SIMULATED EMP DATA

D. G. Dudley
Electromagnetics Laboratory
Depariment of Electrical and Computer Engineering
University of Arizons
Tucson, AZ 85721, USA

Since 1979, the NASA Langley Research Center has been investigating air-
craft/lightning interaction processes with a specially instrumenied F-106B aircraft
[1]. In February and March, 1984, the F-1068 was used in an extensive series of
simulated EMP tests at the Air Force Weapons Laboratory (AFWL]). Data was
taken &t test points both external and internal to the aircraft in two aircraft modes:
fly-by and lest stond.

In this paper, we analyse a subset of this data at test points exterior to the
aircraft. We process the data using the interactive signal processing algorithm SIG
[2]. We develop a consisteni procedure for the processing of the data, consisting
of mean removal, fillering, decimation, and windowing. From free-field daia and
data taken at various test points on the exterior of the aircraft, we develop a
transfer function for test point response by several methods: First, a Weiner filter,
contained in SIG; second, a pole-zero filter, included in the non-linear optimization
algorithm NLS {3]; third, direct frequency domain division. We discuss results from
these three methods and adopt the NLS method as a standard.

The creation of test point transfer functions allows us to examine several fea-
tures of the data, including aircraft resonances. The resonances are identified with
NLS, using several different filtering strategies to isolate various portions of the
frequency spectrum. We conclude with & discussion of the significance of the res-
onantes and also comment on the possibilities of identifying alrcraft features by
other methods recently appearing the literature 4},

{1} Pitts, F. L. and M. E, Thomas {1983}, 1982 direct strike hightning data, NASA Technical
Memeorandum 84626, NASA Langley Research Centey.

[2] Lager, D. and S. Azevedo (1985), A general-purpose signal processing algorithm, Lawrence
Livermore National Laboratory Report UCTD-19912-Rev.1.

[3] Goedman, D. M. and D. G. Dudley {1985}, On the use of output error models in identifying
electromagnetic transients, JEEE Trans. Antenngs Propagal,, [in review).

[4] Dudley, D. G. (1085}, A state-space Jormulation of Lransient electromagnetic scattering, ITEEE
Trans. Antennas Propagat., vol. AP-33, {ta appear, October fssue}.
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Lloyd 5. Riggs aund Thomas H. Shumpert
Eiectrical Engineering Department
200 Broun Hall
Auburn University, Alabama 36849

SEM Characterization of Thin-Wire Planar Symmetric
Single Junction N-Arm Elements

1t was over a decade ago that Baum (1} formulated the singularity
expansion mathod SEM for the characterization of transienr electro-
magnetic interaction. Since then the S5EM has been used by a number
of researchers to investigate the interation of transient excitations
with a wvariety of thin-wire geometries. These investigations have
been instrumental in preoviding the community with a conceptual framework
for wunderstanding EMP coupling to aircraft and for a qualitative
appreciation of why certain aircraft sub-assemblies wmight be highly
excited and others not.

This paper will present SEM poles, modes, and coupling coefficients
for thin-wire planar symmetric single junction n-arm elements. Specifi-
cally, SEM data will be given for the tripole (a single junction
three arm element with arm spacing of 128), the symmetric cross,

and the pentapole. Each of there geometrics exhibirs one or more
closely spaced pole pairs in the fundamental resonance region of
the complex plane. Furthermore, it is possible to decompare the

modal structures associated with cthese poles into a symmetric and
anti-symmetric parts. It is our hope that the data presented here
will stimulate thought and provide the catalyst for a more complete
understanding of the fundamental physical mechanisms involved in
electTomagnetic interaction.

{1) C.E. Baum, "On the singularity expansion method for the solution
of electromagnetic interaction problems," AFYL Interaction
Notes, Note 88, December 1971.
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A Priori Application of Results of Electromagnetic Theory
to the Analysis of Electromagnecic Interaction Data

Carl E. Baum
Air Force Weapons Laboratory
Kirtland AFB, New Mexico 87117-6008

Abstract

Since the introduction of the singularity expansion method
{8EM) for the representation of translent and broadband electro-
magnetic interaction with generszl cobjects, there has been
eonsiderable attention given to associated analysis of electro-
magnetic-respouse experimental data to find the natural
frequencies. Usually this has considered only single waveforms
or frequency spectra for a parameter such as the surface current
density at a particular position on the object under some
particular exclratfon such as a partilcular direction of incidence
with a particular pelarization.

This paper explores several concepts for advancing the
analysis of interaction data to obtain the various SEM and EEM
{eigenmode expansion method) parameters. Basically the various
properties of natural modes and eigenmcdes are explored for
application to the problem of the taking and analyzing of
experimental data. Various techniques are explored including
the enforcement of the SEM peole factors in multiple data records,
separation of the modes by object symmetry, separation of the
modes into F and H modes by measurement of surface charge density
and equivalent magnetic charge density, and separation cf the
natural medes and natural frequencies by assoclation with
eigenmodes and use of eigenmode orthogonality. Basically these
concepts involve application of a priord physics teo the design of
experiments and data analysis.
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NUMERICAL METHODS OF NOISE REDUCTICN
FOR FREQUENCY DOMAIN SEM

Thomas M. Willis and David A. Ksienski
Radiation Laboratory
Department of Electrical Engineering and Computer Science
University of Michigan
Ann Arbor, Michigan 4B109

ABSTRACT

Thnis talk addresses the numerical problem of perfeorming
a pole residue expansion on noisy freguency domain data. A
method of combining dissimilar data sets to acheive
increased accuracy in computing pele locations and residues
is tested. The algeorithm uses data sets consisting of
respoenses of a radar target illuminated from different
directions. Thus all data sets consist of freguency domain
responses having the same poles but different residues.
Computer generated data simulating scattering from a sphere
and from a thin wire is gorrupted with white Gaussian noise
and the algorithm is tested for signal-to-noise ratios
ranging from -10dB to 60dB. An iterative version of the
algorithm is also presented.

A& type of adaptive filter is alsc tested on single data
sets of sphere anéd thin wire responses and compared with
more traditienal meving aperture filters. The proposed
filtering scheme uses the known noise power level and an
estimate of the local curvature in the data tc formulate the
optimal weighting window for each data point. Both the
adaptive and moving aperture filters are tested on sparsely
and densely sampled data sets. While both filters tend to
improve the accuracy of the computed poles and residues with
the dense data sets, the moving aperture filter severly
degrades the accuracy on the sparse data sets. The adaptive
filver however has little effect on accuracy for sparse data
sets., Therefore, the adaptive filter will improve the
accuracy of the computed poles and residues if the data set
is dense enough and will not harm the accuracy if the data
set ig too sparse to benefit from filtering.
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IDENTIFICATION
OF
TRANSIENT ELECTROMAGNETIC SYSTEMS
USING
MULTIPLE ASPECT ANGLE DATA

D. G. Dudley
Electromagnetics Laboratory
Department of Electrical and Computer Engineering
University of Arizona
Tucson, &7 85721, USA

To date, identification of transient electromagnetic systems has been primarily
based on z scalar pole-zero difference equation modet {1, In such a maodel, the
input-cutput data is restricted to a single input and a single cutput. Recently, 2
state-space formuiation of transient electromagnetic scattering has been proposed
{2]. The principle feature of the fermulation is that it provides for identification
incorporating data from multiple aspect angles around a scattering system. The
mechanistn is a single-inpu$, multiple output (SIMO) linear model.

In this paper, we discuss the SIMO model and propose a method of incorpo-
ration of the early-time portion of the transient scattered signal. The result is
a partitioned state-space model of the scattering process. We comment on the
utility and limitations of the model. We also suggest several simpler, step-by-
step procedures based upon partition of the transient waveforms into early and
late time segments, We illustrate these ideas with transient range data associ-
ated with scattering from a conducting rectangular plate and with synthetic data
associated with scattering from a hard scoustic sphere [3,4].

[11 Goodman, D. M. and D. G. Dudley {1986), On the use of output error models in identifyng
electromagnetic transients, JEEE Trans, Antenncs Propagat., {in review).

Dudley, D. G. (1885}, A state-space formulation of transient electromagnetic scattering, /EEE
Trans. Antennas Propagal, voi. AP-33, 1127-1130.

Dudley, D. G. and R. R. Weyker {1986), Agyraptotic model-based identification of a hard
acoustic sphere, Wave Metion, (in review).

Weyker, R. R. and D. G. Dudley (1986), Identification of resonances of a hard acoustic sphere,
Wave Motion, (in review).
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Improved Estimation of SEM Parameters
from Multiple Measuremants

by

Sungwon Park *
J. Tom Cordaro *=

ABBTRACT

A problem of practical interests in slectromagnetics
is that of estimating the natural poles of a scatterer
from transient surface current density seasursments.
Bacause mmasurements made at different locations or with
different directions of incidence have the same poles, we
can use multiple data sets efficiently to get an
improvement in the estimate of natural poles. A currently
existing simple technique +or using multiple data sets is
simpily to compute poles for sach data set and then average
the results. Using an iterative preprocessing algorithm
(IPAY [C11, it is possible ta process multiple data sets at
the same time to get an improvesent in pole sstimation.

An itarative scheme to estimate coupling
cosfficients, and natural modes is introduced. Simulation
results indicate that errors in the parameters decreased
dramatically at the first iteration after an initial
estimate.

Also the Cramer—Rao lower bound for the
characteristic pelynomial coefficients for given multiple
data sets is calculated.

<referoence’

£11 S.Park % J.T.Cordaro, "Praprocessing Technigues for
the Estimation of SEM Parameters from Multiple
Measurements,"” Mathematics Note 8BS, AFWL, Aug. 1983

= Electrical Engineering Depi., 302 Broun Hall, Auburn
University, AL 3&4849-3051

** Sandia Mational lLaboratories, Division 2344, P.0.Box
45800, Albuquerque, MM 87183



GENERALIZED SEW/PRONY SIGHAL ARALYSIS
FOR EMP DATA WITH TIHE-DELAY THRESHOLDS

Jan W. Dash
AT&Y Bell Laboratories
Holmded, N.J. 07733

A formalism for analyzing signals containing components with
different time-delay onset threshclds s presented. The signal
components thus have different arrival times as measured at a
given point in a spatially extended system, In practice, the
signal is expanded in 2 small number of "wavelets", each of which
looks like a generic signat and each of which can start at an
arbitrary point in time, The formalism generalizes SEM or Prony
analysis, in which time-delay onset thresholds are difficult to
treat. Such signals do arise in EMP tests of communications
systems, for example, Various compenrents of the signal do arrive
at different times, and can often be identified with a different
physical origin {antenna, cable, etc.}. Thus, the expansion is
physicaliy motivated.

Technically, signals are expanded in a non-orthogonal
overcomplete set of functions {wavelets) containing both
translations and ditations in both time and frequency. Arbitrary
integral {or nonintegral) power behavior turn on above the time-
delay threshold producing arbitrary rise times is allowed. In the
frequency variable, the wavelets are characterized by simple or
multipie poles (or cuts) with exponentially varying residues {or
discontinuities). Besides generalizing the Prony states, the
formalism also provides a realization of Gabor coherent states and
Asiaksen-Klauder-Grossmann-Horlet affine states, Because the
ctass of functions is so rich, a signal expansion truncates
quickly.

In this taik the formalism is briefly explained along with

its mathematical background, Techniques for implementation are
discussed and numerical examples are exhibited.
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THEGRETICAL CONSIDERATIONS FOR OPTIMAL POSITIONING
OF PEAKING CAPACITOR ARMS ABOUT A MARX
GEMERATCR PARALLEL 70 A GROUND PLANE

DLV, Giri
Pro-Tech, 125 University Avenue, Berkeley, CA 94710

and

Carl E. Baum
Air Force Weapons Laboratory/NTAAB
Kirtland AFB, NM 87117

Abstract

The object of this paper is to develop theoretical considera-
ticns yseful in determining the electromagnetically optimal positions
for a specified number of peaking capacitor arms about a Marx
generator paralliel to a ground plane. One is faced with the problem
of distributed peaking-capacitor design in pulse power systems. This
peaking capacitor system not only has a c¢ircuit role in decreasing
the rise time of the output pulse, but also an electromagnetic
function to serve as a boundary for the fast output wave, isclating
this wave from the inductive Marx generator.

To achieve optimal shielding of the Marx and reduce oscil-
lation between the different peaker &rms, constraints are imposed
to assure equal voltages and currents on all peaker arms. Based
on a two-dimensional mode? (a transmission-line approximation)
optimal positions for the peaker arms meeting these constraints are
derived. For the case of & large number of peaker arms this probiem
simplifies to the use of a conformal transformation with & correction
for the peaker-arm spacing. This spacing allows some coupling
between Marx and ground plane at high frequencies which can be simply
approximately quantified.
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FIELD-CORTAINING INDUCTORS

¥Y.-G. Chen, S. Lioyd and R. Crumley
Maxwell Laboratories, Inc.
8888 Balboa Ave., San Diegoe, CA 92123

Carl E. Baum
Air Force Weapons Laboratory/NTAAB
Kirtland AFB, NM 87117

and

bV, Gird
Pro-Tech, 125 University Avenue, Berkeley, CA 95710

Abstract

Field-containing inductors are reguired in certain simulator
applications e.g., elements of pulse shaping networks, terminators
for transmission lines, etc. Typical coils such as solenocids have
a large magnetic dipole moment resulting in excessive interfering
magnetic fields. An improved design based on the traditional
torgidal coil windings will be presented, This new design
consisting of two windings is capable of higher voltage operation.
Optimal shapes, energy and forces will alsc be discussed. The
normalized plots of attainable inductance for varying geometrical
parameters presented in this paper should prove useful in future
designs and applications,
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THE DISTRIBUTED SWITCH FOR LAUNCHING
SPHERICAL WAVES

Carl £. Baum
Air Force Weapons Laboratory/NTAAB
Kirtland AFB, NM 87117

and

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

Abstract

One way of launching & fast transient pulse in the TIM mode
of a biconic {or monoconic) antenna geometry is to use a distributed
source. This paper discusses and generalizes this concept to that
of a distributed switch which can be incorporated in typical Marx/
peaker geometries. Various shapes for this type of distributed
source/switch will also be discussed.
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Abstract
The Nearby TEM Horn as a Source of

Pulsed Electromagnetic Fields
by

T. B. Passin
The MITRE Corporatien
Burlington Raad
Bedford, MA 01730

A& Transverse Electromagnetic (TEM} hern can be used as a source of
pulsed electromagnetic fields. At a test position within several
meters of the horn”s input one can generate relatively intense
fields, whose risetime and duration may be controlled by the
geometry and overall size of the horn. This paper discusses horns
that produce pulses having durations of nanoseconds. Approximate
methods are given for calculating the peak fleld intemsities and
pulse shapes. These are compared with Nmeasurements. Very near the
horn, the pulse shape varies with discance; the pulse becomes longer
as the distance decreases. This work will be useful for measure~
ments of the respoase of electronic equipment to pulsed
electromapgnetic fields.
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A LOW-COST NUCLEAR TEM FIELD SIMULATOR

Harry W. Gaul
Nathan Miller

Motorola Government Electronics Group
8201 EBast McDowell Road
Scotisdale, Arizona 85252

A lowwcost pulse generator and parallel plate strip-
line have been designed, built, and demcnstrated to simu-
late the transverse electromagnetic (TEM} field generated
by a nuclear high altitude electromagnetic pulse (HEMP).
The characteristics of the TEM field include a peak elec-
tric field madgnitude of 50 kV/m, a risetime of 5 nsec,
and a £all time {50% of peak) of 200 nsec.

The pulse generator consists of commercially avail-
able 30 kV capacitors, 800 V gas filled spark gaps, and
a 50 kV power supply. The parallel plate stripline is
constructed of copper and aluminum sheets and measures
61 cm high by 100 cm wide by 300 cm leng. The parallel
plate is terminated into a 110 ohm, 15 kV ceramic resis-
tor. Pulse measurements are performed with a 100 MHz
storage oscilleoscope and a 40 XV, 75 MHz high voltage
probe.

This nuclear TEM field simulator has proven useful
for evaluating the HEMP effects on military ordnance and
communication eguipment with dimensions up to 0.3 m in
height.
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Abstract
Scale Model Electromagnetic Pulse Simulation Faciliey

T. B. Passin
The MITRE Corporaticn
Burlington Road
Bedford, Ha 01730

This paper describes a specially designed electromagnetic test
facility that can measure the translent response of test objects to
unipolar electromagnetic pulses. The facility has the capability to
illuminate long, relatively thin test objects. Typlcal test objects
are metallic cylinders or scale model alrverafz witch long wire
antennas attached. The wires may be up to 18 m long. Incident
fields have a rise time of 1 ns and a decay time constant of 5 ns.
Speclally congtructed minlature sensors measure surface curtreat
densities on the test object. A 1 GHz fiber optics set sends sensor
outputs from the test object to a translent digltizer controlled by
a microcomputer. Sensors are callbraced In the known fleld of &
monocone over a ground plame. This facility has been used to
measure the response of a model agireraft with long trailing wire
antennas.
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AN TNJECTION TECHNIQUE FOR PREDICTING COUPLING*
R. J. King and H. G. Hudson

Lawrence Livermore National Laboratory
Livermore, California G§4550

The feasibility of using an injection technique to predict the
receiving cross-section of test objects over broad bandwidths and
wide incidence angles ia belng studied. The concept focuses on
the familiar expression for recelving cross section,

B R R
A in L
¢ = G(£,8,¢) 7 TR 2 Square Meters
R in L
Gain [ —

Factor Impedance Mismatch Factor

By measuring the Zin and ZL locking hoth directicns at a pair of
terminals, the lmpedance mismateh factor can be determined. Alsc,
by ragarding the test object as a transmitting antenna, the gain
factor can be computed by injecting a known current at the
terminals and measuring the near fleld around the test object,
followed by a near » far field projection. Since the system is
reciprocal for low levels, the transmitting and receiving gains
are egual.

The measurement and data storage/management/processing problems
are cbvioualy massive, sc clever analyses are needad to make the
preblems manageable, For example, o is a highly structured
fungtlion of freguency, exhiblting tens or hundreds of rescnance
peaks over the desired band of frequenciea. It s believed that
thiz high degree of structure i3 primarily due to the impedance
regonances which are acecunted for by the mismateh factor.
Determining this factor is relatively straightforward. 1In
contrast, it i3 belleved that G{f) is usually slowly varying with
T; if 30, this would considerably reduce the measurement and data
storage/management/proceasing demands. Other reducticns are
poasible by spatially undersamplling the near field measurements,
and still satisfy a 3-6dB accuracy requirement.

Feasibility of the technique is being done in a microwave anechoic
chamber in the 1-18 (Hz range using generic test objects and 1:10
10 scale models of aireraft. Once feasibility has been
demonstrated in this envircnment, the technigue can be used to
glve guidance to the design of Full acale simulators af lower
Trequencies.,

B*dork performed under the ausplices of the Y.S. Department of
Energy by the Lawrence Livermore Waticonal Laboratory under
contract number W-THOS-ENG-48,
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COMPARISCN BETWEEN CALCULATED AND MEASURED
FORWARD AND REVERSE CURRENT-VOLTAGE CHARACTERISTICS
COF SEMICONDUCTOR JUNCTIONS

A.L.WARD AND J.M. STELLATO
U.5., ARMY LABORATORY COMMAND
BHARRY DIAMOND LABORATORIES
2800 Powder Mill Road
Adelphi, Maryland 20783-1145

We report an Investigation to better understand the
physical processes involved in second breakdovm in semi~
conducter junctions. Experimental data of device damage
and theoretical results from computer simulations are
compgred., The objective is to velate the failure thres-
hold of a device to the physical parameters of the
junction. By accomplishing this, one would be able to
design and manufacture devices which are less susceptible
to burnout. Also, & wethod for screening out the more
susceptible devices is examined. With the aid of the
forward characteristics, one can determine diode area
and thickness, which can be used te calculate reverse
bias second breakdown, a precursor to burnout.
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LESSONS LEARNED FRCM MAJOR SYSTEM BLACK BOX ANALYSES

Rorald J. Karaskiewicz
The BDM Corporation
1801 Randolph Road SE
Albuquerque, New Mexico 87106

buring the past three years, BOM has conducted interface
circuit analyses on over 1,500 biack boxes consisting of over
40,000 circuits and 300,000 components. This analysis is the
combined effort of four large system assessments that are cur-
rently in the field or undergoing full scale development. In
addition, the boxes analyzed represent a broad spectrum of tech-
nologies and design eras and inciude both commercial and military
equipment. The results of these analyses efforts have been
formatted and stored using IBM/PC data base systems. This massive
data hase has afforded the opportunity to evaluate the aznalytical
results and draw broad cenclusions which can be applied to evalu-
ating the magnitude of system 5/V hardness requirements. For
example, if a new system is te be procured an evaluation of
this data could be a factor in evaluating the scope of the hard-
ening effort in terms of engineering deilars, time and complexity.
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EFFECT OF VARIATION IN COMPONENT DAMAGE CONSTANTS
ON EMP CIRCUIT THRESHOLD DISTRIBUTIONS

Carl A, Irby
The BDM Corporation
1801 Randolph Road SE
Albuquergue, New Mexico 87106

Previous works have dealt with statistical distributions
to examine the effects of various device model parameters on
alectronic component thresholds. Now that Tlarge data bases
of threshelds of circuit interfaces are available, the effects
of wvariations in component models on circuit thresholds can
be examined. For example, the resulis of these studies can
indicate the relationship between component damage constants
and ¢ircuit thresheld distributions. Corclusions can be drawn
about  the statistical importance of the damage models or
intervening circuitry between the circuit interface and componant
modeled.
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ABSTRACT

AN HYPOTHESIS ON EMP FAILURE THRESHOLD
TEST DATA (EMPIRICAL) DISTRIBUTIONS

R. MASBCN, IRT CORP.
H. DAVIS, JAYCOR

The graphical analysis of EMP threshold data
clearly demonstrates the lack of symmetric distributions.
Therefore, a questicn arises as to why, given the standard
Wunsch Bell thermal damage model, one would expect
asaymmetric data since the physics would lead toc a
symmetrically oriented conclusion, i.a., the likelihcod of a
device failing from thermal failure would be equally likely
at slightly above or below a mean or median value. The
answer to this gquestion is difficult since peost mortem
analysis of the actual device damage is rarely performed.

The authors present a set of computer analysss
addressing the possbility of mizture modelz, Mixed models
are the distributions resulting from the existence of
multiple mechanisms {failures) in the data. It is
demonstrated that a logical reascn may exist for the
empirical distributions cbsearved. The cutline of
experimental procedures to remedy this problem ars discussed
in light of other research in the field.



ABSTRACT

AN APPLICATION OF ROBUST AND
EXPLORATORY DATA ANALYSIS
TC EMP COMPONENT FAILURE DATA

R. MASON, IRT CORP.
H. DAVIS, JAYCOR

Previcus analyses of EMP threshold data have relied on
using classical, elementary statistical techniques. These
techniques typically include estimates of the population
mean and standaréd deviation usirng x-bar and s-squared,
evaluating chi-squared statistics, and then interpreting
these results to fit the failure physics. An examination of
these analyses shows that many times the data samples
clearly do not exhibit the characteristics of a single
“guperpopulation®, Additionalily, when the data iz compared
to analvtical models, substantive differences exist.

In order to alleviate <these difficulties, mnodern
statistical are applied to the failure data. These
technigues, developed over the last ten years, provide
resistance against extreme data values in the estimation of
distributiocnal parameters for nenstandard distributions,
Thase technigques also place a heavy enphasis on graphical
data interpretation when trying to *get a handle " on the
underlying physical mechanisms generating the data.

Exploratory analysis techniques are similar te outlier
type analyses in trying to understand extreme data
chsarvations. These robust and resistant statistical
techniques were designed to estimate parameters in data with
potentially extreme values which skew(and thus cbscure the
interpretation) parameter estimates obtained via the
classical technigues.

The azuthers have also treated the results cbtained from
the wvarious analysis models as a separate data set, i1.e.
equal weight with the laboratory results., Interpretation of
the results of the analyses are presented In terms of the
Wunsch Bell damage model and device physics.
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Microwave and DC Pulse Failure Modeling
William J. Orvis
gk H, Yes
Lawreocs Livesnore National Laboratory
P.0.Box 5504 L-156
Califorpiz 94330

wrdimensional, solid e devine model BURDNSZ, wa huve modeled the operstion and failure of
amxﬁmmmmmammmmmmma We have performed soma
prmvmaEr saxdles ssing tis diods 2 2 basa modal and varyed seversl of the device paramenrs. The

m angd givae some igteresting ingighe into the
e megime. The following fgwe shows some of the resuls
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3 wond regime, the failue ensrgy Incveases, radier than remaining consian? 28
mmmmm The cansae of this inciease i3 due o teazing in the subsoae i e same

thme 3 hearing in the jaection region is tking place. Previous modeds (numerical and analydeal) have
naglected tha smbawame and consenmraiad exclusively oo ths jusion meion, When the applisd puisa has 3
high sncugh voltage, then tis resiztivizy of tha Jubswass can canse heasing comparable o hat in te
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Misrowava fraquency data is also showa on this fgose, md has the sams genera) shape a5 the DC curve, but
is 2 2 higher lovel. Note alzo thag the miczowave CUTves orons aound 10 ng, Two-dimensional results in

i shore palss vegims indicas thas currens chanceling and Slamens formation i change e shost puise
maul. We will also disenss swoms two-dismusional remls.
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Hork pesrformed under the auapices ¢f te U.5. Department of Energy

by the Lawrence Livermora Natlonal Laboratory under contract
aumber W-740S-ENG-48, and funded by The Defense Nueclear Agency,
IACRQ 86-837.



Hicrowave snd DC Pulse Experimental Data
for the [K4£148 Diods
Chuck HeConaghy
Lawrance Livermore Nations! Laboratory
BG Box 5504 L=156
Livermore California 94550

The 1R4148 diode Is & commonly used Siticon switching diode. The amount
of energy required Lo burnout out this diode is & function of the pulse
width a5 well as the frequency of the gpplied high voitage burnout pulse.
This perticular dicde was cheractarized previousty by Tasca with OC
puises greater than 300 Ns in width in (his paper date will be presented
g the burncul energy of the IN4148 diade for DC pulses between ! and
300 Hs. In eddition burnout data for the dicde at § (285 Ghz) and X (8.1Ghz2)
band will aisa be presented

T TR,

Work perforsed undsr the ausplces of te U.S, Department of Energy
by the Lawrence Livermore Natlonal Lawoeratory under contract

numbsr W-TUOS-ENG-48, and funded Dy The Defense Nuclear Agency,
IACRCO 86-837.
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MILSTAR 1/0 Parts
EMP Damage Test Results

J. Pagliuca, F, Marcum, J. Luchini, L. West

Raytheon
Equipment Pivision Laberatories
528 Boston Post Road
Sudbury, MA (1776

ABSTRACT

Several types of digital I1/0 devices were tested to damage using
simulated EMP pulses. Care was taken to properly stress the parts
pin-to-chassis, as in EMP pin specs and in the eventual box pin-
injection tests. Variables in the pin-to-chassis conpection in the
fixture were evaluated for their effect on the component failure
mode and threshold. The effect of current-limitine resistance was
also evaluated. Finally, when the test fixture and circuit were
chosen, statistically significant samples of each I/0 part were
tested and de-capped to identify exact failure modes in the chips,
e.g, junction burn-out, substrate diode voltage breakdown, etc.
The failure thresholds were then characterized statistically and
gure~safe and sure-kill limits established. The data was used to
determine MILSTAR EMP pin hardening parameters and safety margins.
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DEVELOPMENT OF A TWO OIMENSIONAL GLANC CODE*

WILLTAM R, ZIMMERMAN
Mission Research Corporation
1720 Randoliph Road S.E,
Aibuquerque, NM 87106

One dimensional GLAMC type retarded time codes! have proven useful
in predicting the normal electric fields and the tangential electric
and magnetic fields in a fonization radiation environment, [t appears
to be worthwhile to extend the techaique to 2 dimensional plus
retarded time so that the response ¢of a collection of wires over a
ground plane can be examined with reasonably fine gridding in the YI
plane. This would altow all six field compenents te be predicted.

In order to demonstrate the feasibility of a 20 GLANC Code
Maxwell's equations {H = B/Z4)

i B _ 5

E ﬁ - - V X E

1 _ o

-C-'- W-VXB-ZOGE-ZOJ
were finite differenced on a two dimension (yz) plus retarded time
{r = ¢t - x) coordipate system. This resulted in the system of
equations

n+l n+l n+l n+l n+1 ~
vExT" - s (Exjﬂ‘k I Exj,k_l) S

for EX plus 4 auxiliary equaties for £Y, EZ, BY, BZ, Various
approaches to solving these eguations including iteration and sparse
matrix technigues will be discussed and the algerithm will be
demonstrated for a simple coaxial geometry, The applicability to
particie pushing simulations will be discussed.

REFERENCE

1. Longley H.J, and Longmire, C.L., "Development of the GLANC EMP
Code", DNA 3221T December 10, 1973,

®lork partially supported by the Defense Nuclear Agency under Contract
DHAMN1-85-C-0019.
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URSI FacTuaL STATEMENT o NuCLEAR ELECTROMAGRETIC
Puse (M) mo Associaten Errects

1 hts Statement waa prepared by a Conmittee chatred by
My, Mrruel Wik, and consieting, ¥n additton, of Or, W. Roas
Stone (Secretary), Prof. D, L Gjeasing, Dr. F. Lefewvre, Mr,
2.0, Lundbom, Praf, V, Migulin, Prof, S, Sehuarta and Prof.
F.L., Stumpara. Mr, Wik's address ie:

FMY, Elsetronics Directorate
8 - I15 88 Stockholm, Sweden.

PREFACE AND ACKNOWLEDGHENTS

Thia fac¢tusl scecement on nuclear EHP and associared
effects wese prepared by URSI (Incernational Unica of Radio
Sciemce) during the URSI XXI Geners! Assembly in Florence,
Auguse 1984, The Statemsnr wss vequested by SCOPE -~ ENUWAR
{Scientific Committee on Problems of the Environment - Eaviron-
wentsl Consequences of Nuclesr War} within ICSU (International
Councii of Scientific Uniona) and should be unemotional, non
political, suthoritative snd readily understendable,

the Statement wes unanimously approved (in principle) by
the URSI Council meating om 6 Seprember 1984,

CONCLUSICHS

Nuclesr EHP is one of the effects of auclear weapons, The
awvsreness of the high alcitude EMP rheeat Ln different scena-—
rios gnd the protecrion grobiema should be widely spread and
taken seriously. Thik brief document touches only on a small
portion of the known effects of EMP and associared effecrs, It
is intended to make workers cutside this field aware of:

1) The existence of nuclear EMF phencwena,

7} The facg that high alritude EMP effecta can occur even
though other nuclear effects such ae shock, hest, and radio-
active fallout a&re not present et ground level,

3} The fact that these effects can cover the whole area of

the earth, that can be viewed from the burer locatiown, e.g, a
caudlcy af even & ccml:inen:.

%) The potentiaily serious natur<¢ of the effecte of high
altitude burets to Lelecomeunications and pover systema.

3) That in consgguence, the possible disruption of commu-
nication gride could have a major eignificance for the deve-
lopment of 2 nuclear exchange,

&) Thac the possible discuption of power grids in large
areas could cause chaos and lead o the collapse of the infra-
acructure of wodern society if outages were te last for a
ionger time,

7) The various seriocus effects on sgatellite communications,

B) The techniques for protectiosn against EMP and associa~
red effects,

4) The necessity for valid testing a2nd sascdsiments of
systes perforsance in EMP énvirommenl.

11 is hoped thar the informarion presented in this state~
ment and ira acientific basis will ewmphasize the need Lo

recognize the seriouaness of nuclear EMP and sssociated cffeces.
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AIRCRAFT ALERTING COMMUNICATION EMP {AACE)
UPGRADE HARDNESS SURVEILLANCE
M. A. Dinallo
The BOM Corporation
1801 Randolph Road, SE
Albuguergue, NM 87106

This presentation will discuss the electrical test fechnigues used for
HS on the AACE upgrade. The AACE shielding enclosure consist of four
alements: a shield room, & signal and power line conduit, an opesrator consale
and a remote klaxon sounding unit, The shielding topology attenuatfon must
be maintained throughout the life-cycle of each AACE upgrade unit. HS festing
detects and locates shielding deqradations. Included in this testing are
terminal protection devices which control signal and power line penetrations.
The testing of the enclosure uses 2 two antenna free field attenuation
technique; 2 triaxial transmission line for the conduits; and a hybrid
anitenna-sensor plate technique for surveilling the shield room and operator
console flgors. Time domain (pulse} transient absorber and continuous wave
{CW} filter test techniques are also presented. Built in design features
such as reference apertures, senser plates, signal port chassis, signal Tline
fead-throughs, antennas ang transmission lines will be discussed.
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IN«THE~FIELD HARDNESS SURVEILLANCE
TEST TECHNIQUES AND RESULTS
M. A, Dinalle
The BDM Corporation
1801 Randolph Road, SE
Albuguerque, NM 87106

Using a wvariety of test technigques, on a deployed system
in-the-field hardness surveillance measurements and maintenance
were performed. The test techniques were:

- Single Wire Transmission Line
- Radiated Field Attenuation

-~ Four Point Prove

- 100kRz Direct frive

oL PO

fegradations of the shielding topoiogy were determined, using each
of the technigues, and simple maintenance improved the electromagnetic
attenuation of the topology. The purpose of this presentation is
to itlustrate that these technigues are relatively simply to impiement
and yet thay were effective for detecting and locating faults.

This presentation will discuss the four techniques, discuss
limitations of each technique and show results obtained from
surveillance performed on & fielded EMP-HARD system.
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TACAMO Survelllance Program Results

George W. Bechtold
Naval Surface Weapons Center
White Cak, MD 20903-5000

The TACAMO Hardness Maintenance/Hardness Surveillance (HM/HS) Program is
a vital part of the TACAMO Hardness Assurance Program. In the TACAMO Hardness
Program elght EC-130 TACAMO Aircraft are retrofitted with EMP kits as part of
the Scheduled Depot Level Maintenance (SDLM) cycle, Following the kit
installatlion a System Acceptance Test (SAT) is conducted to verify correct Mitg
installation, This test is followed by a Naval Assurance Test (NAT) to verify
that selected test point measurements are below a presecribed level, Following
completien of the NAT the sireraft are dellvered to the fleet, SDLM's are
scheduled in three year intervals.

A HM/HS Program has been Initilated to track the degradation of the EMP
hardness that might oceur over the 1ife of the aircraft. In the HM/HS Program
two aircraft BuNo. 160608 and BuNo. 162313 have been selected for surveillance
testing to measure degradation rate and identify kits that will anot funection
for the length of time between SDLM cyeles, Free [leld pulse measurements
will be conducted In the TACAMO EMP Simulator (TES); Tralling Wire Antenna
(TWA) direct injection tests and TG3001 filter tests will also be completed.
In the HM/HS Program, it is planned to conduct zurvelllance tasts during the
first NAT, at mid SDLM cyele, before the following SDLM cyecle, and followlng
the SDLM cyele. Kit failure rates that are much less than the SDLM cycle are
referred to the Hardness Reliability Improvement Program (HRIP) for redesign,

To date one surveillance test has been conducted on ailreraft BuNo, 160608
in August 1985 at the TES facility. This paper will discuss test planning and
the results of this test. Further surveillance tests on aircraft BulNo. 160608
Will ocecur In January 1987 (Mid-SDLM), July 1988 (Pre-3DLM), and January 1989
(Post-SDLMY. The data from these tests and the test on the second
surveillance aircraft BuNe. 162313 will allow the Navy to declde on the need
for continuing the surveillence testing program.
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Abstract
Pulse Sniffer System - A Way to Detect Hardening Degradations
by

R. N. Rancourt

Thae MITRE Corporation
Burlington, Road
Bedford, MA 01730

The military is flelding systems designed teo gurvive HEMF radiation.
Certain military alrcraft depend on pressure hull hardening to
provide shielding from potentlally damaging transient filelds.
Shielded enclosures have been built for other systems. However, the
effectiveness of shielding around apertures such as doore and
windows can degrade with time, Sorfaces oxidize, gaskets warp and
materials corrode. & methed 1z needed to detect, locate and measure
degradations in a system”s shielding. The Pulse Sniffer system was
developed to meet this need. This paper summarizes the originmal
development tests conducted oun an unhardened (-130 aircraft and a
screen room. It discusses the desipn modifications required to
provide 2 system capable of detecting, locating, and measuring the
dimensions of small degradations around aircraft apertures. The
paper then goes on to describe later evaluation tests conducted on
the C-130 aireraft and a MITRE screen room to verify the system’s
abiiity to detect, locate and measure aperture shielding degrad-
ations. Finally, this paper concludes that the system is useful aad
should be demonstrated on a hull hardened aircraft with the lntent
of someday beling fielded by the government as av EMP hardness
surveillance test method.

This work was sponsored by the Electronic Systems Division of the
U.S5, Alr Force Systems Command.
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DEVELOPMENT OF A CABLE SHLELD TESTER FOR 1IN-SITU
HARDNESS SURVEILLANCE OF AIRCRAFT CABLES
L. 0., Hoeft, BOM, 1801 Randolph Road, SE, Albuguerque, NM 87106
P, J, Miller, TRW, 2340 Alamo SE., Suite 200, Albugquerque, WM 8610§
Abstract

This papar gives z status report on the development of a shielded cable
tester. The tester measures the transfer Impedance of shielded cables while
they are installed on an aircraft. Design parameters and specifications for
the tester were developed based on real technical and logistical issues for
hardness surveillance of operational aircraft. Key design issues will be
discussed aleong with the constraints imposed by making the measurements

onboard an alrcraft.

Data on the transfer lmpedance of actual alrcraft cables with and without
shield degradations will be presented. Most of this data was taken under
laboratory conditions. However, preliminary data taken on an operational

aircraft will be discussed.
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PROPOSED DIRECT DRIVE TECHNIQUE FOR AIRCRAFT HARDNESS SURVEILLANCE
L. G. Heeft

The BDM Corporation
1801 Randoiph Read. S.E.
Albuguerque, New Mexico 87106
(505) 848-539%

The conceptual design of a refatively simple direct drive technique
for injecting current on the outside of an aircraft has been completed.
This technigue could be used fn both the high power pulse or Tow power
continuous wave (0. W.) modes as an EMP hardness assessment and/or
surveillance tool.

The ohbjective of this effort was fo develop a technique that could
be used to directly drive continuous wave (C. W.) or high power pulse
currents onto the skin of an aircraft for EMP havdness assessment and/or
surveillance. The chosen approach was to make the aircraft the center
conductor of a pair of c<rossed transmission lines. Since the wing and
the fuselage could be fed independently, they could be fed in phase
or out of phase with either C. W. signals or & fast rise time pulse.
The geal of this technique is to produce appropriate skin currents (in
the time and/or freguency domains) on the surface of the airplane. This
enables the measurement of the transfer function between the skin current
and the pin or cable currents. It is this traasfer fumction that can
change during the 1ife of the system. This technique has been discussed
in the past and is sometimes known as the skin current injection technique
{SCIT})., This technigue has been rejected by some because they had
difficulty interpreting the results. However, the present study as
well as the recent development of direct drive techniques for missiles,
have showr that the technique should give good results if it is used
intelligently in freguency ranges where multiple reflections are not
significant. This is generzlly true at the aircrafts fundamental and
3rd harmonic., An aircraft technigue should be as broad band as possible
{reasonably flat response up t0 at least the aircraft’s 3rd harmonic)
and be capable of injecting enough C. W, current to have at least an
80 dB dynamic range between the aircraft and cable currents and/or produce
threat Tevel A/C currents in pulse wmode. In addition the technique
shouid previde good ingress and egress for the A/C and should be useful
for a range of A/C.

This study showed that a simple test fixture consisting of a small
number of wires above the A/C plus some conducting spacers below the
atreraft, would make the A/C into a 10 to 50 Ohm transmission Tine. This
impedance is high enough so that the test fixture does not need to be
srecise and low encugh so that the pulser voltages are not excessive
to get & few kA. The high frequency/fast rise time currents spread
out over the entire A/C surface. The simple test fixture provides easy
ingress/egress and adapis to & variety of A/C. Terminating the
transmission lines reduces standing waves, improves the high freguency
response and facilitates analysis. One of the major adveantages thet
this technigue has for hardness surveillance is that it concentrates
the current on the surface of the ajrcraft rather than radiating the
energy into space and the use of {, W, means that the signal has high
spectral power densities at the high frequencies where the hardness
degradations are most significant.
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ALRCRAFT ALERTING COMMUNICATIONS EMP
(AACE) UPGRADE HARDNESS MAINTEHANCE (HM}
M. A, Dinallo
The BOM Corporation
1801 Randalph Road, SE
Albuquergque, HM 87708

This presentation will discuss the HM program used for the AACE
Upgrade. The AACE HM program has three elements far ensuring a
life-cycle EMP~HARD system, These elements are: hardness criticai
item (HCI} labeling: hardness surveillance (HS), both faspections
and testing: and hardness critical processes (HCP) task analysis.
HC] Tabeling on hardware, technical orders, drawfng and other
documentation is essential for appropriately maintaining, replacing
or stating procedures involving HCIs. HS  inspections are a
"first-line-of defense” for monitoring the shielding integrity of
the system toplogy. HS inspections provides a qualitative statement.
HS  testing requires electricai instrumentation for obtaining
measurements which makes a quantitative statement about the shielding
attenuation of the system tepology (it monitors the EMP allocatiens).
The HS testing for AACE is 100%, f.e. testing all seams, apertures,
fead-throughs and terminal protection devices, HCPs  are  all
operational and maintenance procedures which rendered the AACE upgrade
facility vulnerable to EMP. How these HCPs interface with the Logistic
Support Analysis and other logistic requirements will be discussed.
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NUCLEAR SURVIVABILITY (HARDHESS) ASSURANCE,
MAINTENANCE AND SURVEILLANCE {HAMS)
M. A, Dinallo
The BOM Corporation
18071 Randelph Road, SE
Albuquerque, NM 87106

Understanding how production assurance and deployment
maintenance, of a nuclear survivable system, relates to surveiilance
is  discussed in  this presentation, The relationships between
assurance, maintenance and surveillance 1is explained from an
ungerstanding of the electromagnetic penetration mechanisms and
hardening design elements, From this point of view surveillance
is a tool, invelving electrical testing and visual/mechanical
inspections. Electromagnetic (EM) attenuation ratics are discussed
along with relating various EM quantities to each other. A number
of different electrical test techniques are described including
shielding enclosure and terminzl profection device testing. Testing
techniques are divided into three categorfes; direct attenuation
¢circuit parameter verification and base lirne data monitoring. The
electrical measurements obtained from any one test category is
either an intrinsic, extrinsic or a radiated field datum. Finally,
rationale for designing faults into a system is discussed.



TITLE: Portable EMP Test Set For Hardness Assuredness and Maintenance
Testing

BRIEFER: Bernard R, Tolmie
Joslyn Defense Systems, Inc.
SheThurne Road
Shelburne, VT 05482

ESSENCE:

There is increasing evidence that EMP protection devices can be degraded
by 1ightning or manmade EMI without being detected on the system they
protect.

DISCUSSION:

Soft deqradation of zeners, MOV's, gas tubes, Pi filter networks etc.
can leave EMP hardened equipment vulnerable to the next lightning strike
or an EMP incident. Joslyn Defense Systems, Inc, has collected field
test data that illustrates EMP protection devices do degrade but be-
come difficult to detect using available test equipment. Further, test-
ing of these devices with conventional test equipment may not provide

a true indication of degradaticn when compared to an EMP {hi frequency)
threat. However, observations in the field indicate that a cost effect-
ive EMP Hardness Assuredness and Maintenance program is possible using
EMP threat waveforms at the pin level.

RESULTS:

Joslyn Defense Systems, Inc. has developed a portable, Go/MNo-Go EMP
pin drive tester that can be taken into the field for on board air-
craft, ground shelters or shipboard testing. The test set detects
degradation of FMP terminat protection devices at the pin level caused
by 1lightning, manmade EMI or improper installation after a maintenance
action. In this manner, an effective Hardness Assuredness and Mainte-
nace program can be implemented without the costly dismantling of EMP
protected eguipment.
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shield Room HAMS (Hardness Assurance Monitoring System)

B. James J. O'Bannon

Rockwell International Corporation
3370 Miraloma Avenus
Anaheim, CA 92803

There is a growing number of EMP hardened communications
systems in the HCD inventory. The need for hardness
assurance, maintenance, and survelllance test equipment
and techniques for these EMP hardened ccmmunications
systens has been recognized. A Shield Room HAMS
(Hardness Assurance Monitoring System) has been
developed to perform in-situ tests of components of the
EMP shield for a typical bolted seam, double-wall shield
room with signal line, power line, RF line, and fiber
optic penetrations. A description of this discrete
frequency CW Shield Rcocom HAMS will be presented. Also
discussed will be (1) the results of experiments to
determine the greatest nunber of filters which can be
grouped together for transfer function measurements and
still maintain the ability to detect a degradation in
one filter, and (2) a description of an in-situ test for
power line spark gaps that is transparent te both the
shield room's systems and the commercial power system.
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Shielded multiconductor cable coupling phéncmena

B. BJEBARI = P. PAULET

CNET LAA/ELR/DNP - BP 40 - 22301 LANNION CEDEX - FRANCE

ABSTRACT

Overhead multiconductor screened cables are used in the distribu~
tion part of the local french telephone network. Having noted sevaral
anomalies due to EM interference caused by broadecast radic transumitters,
we conducted an Investigationm into coupling phenomena in shielded multi=-
conductor cables.

When a2 multiconductor cable 1a illuminated by an Incident EM field
the problems is te find the iaternal disturbing voltage and current on
anyone conductor. It is known that there are two intevaction problems :
one external and one loternal. External interaction has been studied by
aany authors [i] and leads te the calculation of the curreant and voltage
diagtribution on the shield. I shall thersfore focus my presentarion on
the lnternal interaction.

An experimental method to determine the inductance and the capaci-
tance matrices was proposed by AGRAWALL et al. [2]. We applied it to the
case of the shielded cable and developed an automatic wide band frequency
system uslng a switching wmatrix. This paper presents the ctheotetical
method which leads to the experimertal study, describes the automatlc set
up and ghows the obtained results The frequency baad for which this
methed ts valid is discussed. Using the weasured parameters and the
transfer impedance of the shield we give the calculated response of a one
pair shielded cable iiluminared par a plane wave M field. Finally we
glve the measured response obtained in a parallel plate simulator and
discuss the reaults.

References :

{1l E.F. YANCE - Coupling to shlelded cables.
Wiley Intersciaence Publicatlion N.Y. 1978

{2] A.K. AGRAWAL et al. — Experimental caracterisation of multiconductor
trans-— mission lines ILn the frequency domain.
IEEE Trans. EMC, vol. EMC2L, Febl.zq‘lQ?Q



MEASURED CROSSTALK OF MULTICONDUCTOR CABLES THAT USE
& SINGLE CONNECTION TO THE REFERENCE PLANE

L. 0. Hoeft, J. S. Hofstra

The BOM Corporation
1801 Randolph Road, 5.E.
Albuguergue, New Mexico 87106
(505) 848~5399

Crosstalk within a cable bundle 1is one mechanism by which
electromagnetic energy can be coupled from the exterior surface of a
system to the pins of a critical line replaceable unit (LRU} since a
cable bundle may include both relatively high ampilitude noisy signals
and relatively clean signal tines for critical circuits. Conseguently
an understanding of crosstalk coupling s important for understanding
EMP coupling to LRU pins,

A common  specification for aerospace systems is to reguire the
circuit return ba carried with the circuit high side (preferably as
a twisted pair) and the circuit to be connected to the reference plane
at no more than one point.  The purpose of this requirement is to reduce
coupling of interference through common impedance coupling. The purpose
of this investigation was to measure the voltage crosstalk of a variety
of shielded multiconducter cable cenfigurations and to compare the results
to the cabie coupling model published by Paul.

The voltage response crosstalk in an 8 pair multiconductor cable
was measured for three cable lengths (1, 3, and 10 meters), two fnternal
shielding configurations {unshielded and braid}, and several termination
conditions. The measurements covered the frequency range from 1 kHz
to 200 MRz. A1l cables were constructed im such & way that each pair
was connected to the overbraid that served as the reference plane at
only one point. The measurements are consistent with the theory published
by Paul, after the difference in cable configuration is taken into
account.
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HEMP COUPLING 1T0 EXTENDED NETWORKS OF
MULTTCONDUCTOR CABLES*

J. W. Erler, J. E. Tigner, and R. W. Sutten
Science Applications Intexrmational Corporation
1710 Goodridge Drive
Mci.ean, Virginia 22102

Simulation fldelity requirements for high altitude electromagnecic
pulse (HEMP) excitation of extended Army systems need to be established
for bulk current injection testing (CIT) techniques. The relaticnship
between the bulk current and the individual pin currents for a variety
of excitation processes is used as a measure of the silmulation fidelity.
Determining this relationship is complicated by the complexity and
spatial extent {over 100s of feer) of Army systems. Large numbers of
multicenductor cables with many branches and breakouts terminated with a
variety of lineatr and non-linear load lmpedances further complicates the
analysis., Current "accumulation" effects associated with HEMP coupling at
grazing angles must be considered for the entire network to determine the
bulk currents on "down stream” cables. The amplitude and phase requirements
for meltipeint dbulk current injection technigues must reflect current
accumilation effects.

The results of model caleulations of the response of a typical
Army system will be presented. These will include analysis of the system
as a network and calculations of individual pin currents for several multi-
conductor cable configurations with a variety of termination impedances.
These calculatlons have been performed using a series of analysis tools
discussed in papers presented at the 1982 NEM Conference,'s2 The founda-
tion of this apprcach rests on the ability to calculate the distribution
of Norton and Thevenin equivalent source terms for arbitrary multiconductor
cable configurations, including branching, for arbitrary excitations.
When used with a multiconductor transmission line code the individual pin
currents at interfaces can be determined. These calculations are used to
develop and evaluate improved injection techniques for extended Army
systems.

REFERENCES

1. Serty, P. N., and J. E. Tigner, "Electromagnetic Coupling through
Cable Shields," presented ac the 1982 Joinc USRI/AFS/WEM Meecing,
Sessicn NEM-1, Paper Mo, [, May 1982,

2. Tigner, J. E., and D. Frederick, "The Coupling of Electromagnetic
Fields to Multiconducter Cables," presented at the 1982 Jodint
USRI/APS/NEM Meeting, Session NEM-4, Paper No. 4, May 1982,

*Work performed for Harry Biamond Labovatories under Contract Number
DAALOZ~85~C~0206.
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EFFECT OF THE GROUNDING OF THE REFERENCE CONDUCTOR
OGN THE SHIELDING EFFECTIVENESS OF A MIRLTTI-COMDUCTOR SHIELDED LINE

B, Demoulin, $. El Assad and P. Degauque

Lille Universiry, Electronics Dept., 533655 Villeneuve d'ascq Cédex
France

Multi-conductor transmission lines are usually made with signal-
carrying conductors and a commen or reference conductor to which the
tine voltages are referenced. Furthermere, to decrease the electro-
magnetiec coupling of these wires to an Incident electromagnetic wave,
a shield is put above all these conductors. Practically the configu-
vation at the end of the line is represented in the Figure below. The
shield of the cable is connected te the shielded box of any electronic
equipment through the sheath of a connector. The reference conductor
may be connected or mot to the grounded box.

1f the connections between the shield ¢f the cable, the connector
and the box are perfect, the disturbing current flows without discon-—
tinuity along the outer sheaths and the shielding effectiveness depends
on the transfer parameters of each component. However, if there is a
fault in the connection between the shield and the comnector, a part
of the disturbing current can be shunted by the reference conductor
and thus the disturbing voltages appearing at the input of the electro-
nic eguipment are strongly modified.

In this paper, we present experimental results which have been
carried on short cables (1 m long) both in frequency and time domain
with a spectrum ranging from few kHz to about 30 MEz. We show how the
amplitude of the disturbing voltages depends on the coanection of the
reference conductor to the ground. These results are then extrapclated
to long cables.
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WIRE-TO-BULK CURRENT MEASUREMENTS OW A MULTICORDUCTOR CABLE

Lt Joseph Steil
Air Force Weapons Laboratory
Kirtland AFB, NM 37117-6008

Patrick ¥nupp
Kaman Sciences Corp., Dikewood Bivision
Albuguergue, NM

¥ and pulse measurements were perfarmed at the Air Force Weapons
Laboratory on a shielded multiconductor cable to investigate the relationship
between single wire currents, Iw, and the bulk cable current, Ib. This Iw/Ib
relationship is very important for system-level EMP testing where it is
impractical to measure each and every single wire current, The three basic
objectives of these measurements were: (1} increase the data base of buik-to-
wire current relationships, {2} verify and/or modify existing theories
relating bulk-to-wire currents, and (3) establish test techniques involving
table bundie currents,

Even though a definitive Iw/Ib upper bound has not been established,
time domain data obtained in previous system-ievel tests have suggested an
Tw/Ib upper bound in the range from 2 to 5. Our CY results indicate that the
single wire current is Tess than the bulk current at frequencies below 10MHz,
regardiess of the load terminations employed. At frequencies above 50MHz,
large Iw/lb ratios ( > 10x ) were found to occur for a relatively small
fraction of the loaas tested. For these particuiar load terminations we
observed phase canceilation among individual wire currents which produced a
small bulk vecter sum, and therefore, & large Iw/Ib ratio { > 20 }, These
results are tempered by the observation that the large wire-to-bulk ratios
were achievable only over a narrow frequency band.
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AN ALGORLITHM FOR OBTAINING EMP~INDUCED TRANSIENTS IN BURIED CABLES

D. C. Agouridis, K. £. Buchanhan
{615) 5T4-5596

Hak Ridge Natlional Laboratory®
Oak Ridge, Tennassee 37831

ABSTRACT

Hardening the natlon's elecbronic equipment against threatenlng EMP
transients ls an astronomical task., It will require the services of
people who have no background in the sophistlcated mathematics

found {n the theoritical description of EMP problems., Thus, sclutien
technigques that provide rough, but essy to determine, sastimates of
threatening EMPF transient lsevels will be very valuable. The algoriths
for purled cables described in this paper sddresses this need.

The time waveform of currents induced by EWF in buried cables is
determined numerically using a Fast Fourler Transfors algorithm. These
numerical results are displaysd graphlcally (figure) as a funotion of
the electromegnetic properiies of the ground and the distance of the
cable below the surface. The sclution ia obtainsd by & procedura using
thess graphs and simple calculations.
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ANALYSIS OF ELECTROMAGNETIC PULSE COUPLING
TO S4UIBS

G.K. Deb

Keta Meers Sahebu
b.C. Pande

Electromics and Radar Development Establishment
PO Box Mo, 5108, High Grounds, Bangalore - 560 001

Abstract

Modern electronic systems may face the Electromagnetic Pulse
(EMP) threat originating from high altitude nuclear burst. The EM pulse
having amplitude of several throusand kilo volts/ meter (E~fieldd and nano seconds
rise time will couple to Electro~explosive devices (EEDs) used in weapon systems
through connecting leads and cause premature weapon detonation and create
a mission failure.

In this paper, an attempt & made to compute the EMP energy coupled
to squibs through the interconnecting wires. In our analysis the external
connecting wire pair to EEDs is modelled as a pickup dipole antenna and
the wire inside the pod is modelled as a transmission line. Double exponential
EMP waveform model coupled te dipole antenna is first sampled at 4 nsec
interval and from the cotlection of 512 samples,. discrete fourier transform is
computed. The coupled voltage to the sguib bridge wire is calzulated at
these discrete frequency intervals and then the time domain waveform is
computad. Hence, the maximum coupled power i5 computed, taking the
peak amplitude of the waveform into account. To reduce the coupled EMP
energy to a safe {avel, szeversl mitigation technigues, such as. the use of
low-pass pin-filter, lossy line filter, twisted wire pairs are considered theore-
tically and ocptimum remedial measures to protect the £ED's from EMP threat
are suggested.

To validate the model, the impulse sensitivity of the sguib is measured
experimentaliy as follows. A thermistor sensor is connected in the feed-back
path of 2 timer circuit connected as an osgillator. The rise in temperature in
the thermistor is calibrated against change in freguency of the oscillator.
From the known scurce of a transient generator, the transient voltage s
fed directly to the squib. A mplitude and the repetition rates of the transient
waveform is changed keeping the thermistor in contact with squib bridge
wire and the change in frequency of oscillator is found. Experimental results
are plotted in graphical forms. BAssuming & linearity between simulated tran~
sient pulses to the EMP waveform the rise in temperature of squib is inter
polated from practical resuits. From our analysis, ¥t is observed that for
the protection of squibs, the use of lossy line filters in wire interconnects
are preferable. The external wire lead length to sguibs should be as small
as possiple and the wire pair should be invariably twisted wire.
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STATISTICS FOR ELECTROMAGNETIC PULSE ANALYSES

R. FEMENIAS AND R. GARVER
US ARMY LABORATORY COMMAND, HARRY DIAMOND LABORATORIES
2800 Powder Mill Road
Adelpni, Maryland 20783-1197

J. KIRSHENER
UNIVERSITY OF MARYLAND
College Park, Maryland

The electromagnatic pulse (EMP] assessment and hardening
technology ts highly complex. This complexity is most often
accommodated by considering mainly the worstwcase conditions of the
various parameters of unhcertalnty., This approach has led to most
asgessments baing more severe than might be justified and hardening
recommendations that may not be essential Ffor reasonable assurance of
hardness. Many theoretical and experimental programs have besen
cayyied out that yield only this worst-case form of guidance. Worst
case i3 acceptable if the worst case indicates no vulnerability. But
when worst-case vulnerability is found, the systam should be
congidered for furthar analysis rathey than hardened without it.

In the NWational Research Council 1984 study, "Evaluation of
Methodolegies for Estimating Vulnerability to Electromagnetic Pulse,™
congiderable criticism was leveled at the EMP community for its lack
off use of statigtics. The Righ Power Microwave (HPM) Hardening
Technology Program was directed to make proper use of statistics in
deriving all assessment and hardening technology. (This was
degcribed at the Nuclear EMP Meeting (NEM), 1984.) Our experience
has shown that a broader knowledge of the applicable statistics is
needed by the working engineers in order to carry out this
requirement most completely. The design of every theoretical and
experimental task is influenced by considerations of aobtaining
significant distributional information.

A gearch was carried out to find a textbook most suitable for a
formal course in statistiecs as applied to the asgsesswment and
hardening of systems to EMP and HPM. An instructor was selected who
agreed to be responsive to the applications problems to be brought up
by the students. The resulting curriculum is heavily biased toward
"classical® statisticse (Frequentists), with only a brief introduction
to Baysian statistics.

We will discuss the contents of the course. It used the text,
"Statistical Models for Engineering,” by Gerald J. Hahn and Samuel S.
Shapiro. Topics include statistical distributions, transformation of
variables, student’s t, and system examples as brought in by the
students. No text was avallable that addressed the required topics
with the mosgt helpful illustrations. Tt is hopes that this paper
will encourage others to write a text filling this need or to create
a curriculum that may be available nationwide.
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VARTATIONAL STUDY OF BOX HARDENING ASSESSHENT

Herbert T. Davis, ITI

JATCOR
Albuquerque, MM

A variationel study is made of three agsumptions prevalent in analyses
predicting the "Probability of Survival™ of a single pin form an EMP event.
The three assumptions studied are: the effect of estimating component
thresbeld parameters from 8 small sample of components, the effect of
assuming & single mode failure for the component, snd finally the effect of
the log—noxrmal distributional assumption for stress and threshold. The
study uses several tolerance intervals and Moote Carlo simulation to study
the effect of estimating the thresbhold parameters. Further, the bootstrap
method is used with measured mircreft pinm stresses and transistor failure
thresholds to study the effects of mulvi-medal failure end the log-normal
digtributionel assumptions. In Bll cases, reliability/confidence curves

are presented.
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Submicrosecond Structure of Lightning

Return Stroke Filelds

E. P. Kriderl, . Leteinturierz, and

J. C. Willert?
Abstract

An experiment to measure the electric field, E,
dE/dt, and HF signatures that are radlated by lightning
return astrokes at known locations was conducted at the
NASA Kennedy Space Center during the summer of 1984.
Values of the maximum dE/dt during the iniclal,
fast-rising portion of first strokes were found to have
a mean and standard deviation of 45.4 % 13.4 V/m/fusec,
when range-norwalized to GO km, when HF at 5 MHz was
uged as the trigger signal. The full width at
half-maximum of dE/dt was 97 % 18 nsec. 1f thase
fields are produced by a single ecurrent pulse that
propagates up a single channel at a typilcal velocity of
108 m/sec, then the above values of dE/dt imply that
the mean maximum dI/dt at the tightning source is about
230 kA/usec, a value that is substantially larger than
most tower measurements.

! University of Arizona, Tucson, AZ 83721
2 oNET MER/GER, 22301 Lannicn, France

3 Naval Research Laboratory, Washingtom, D.C. 20375
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A COMPARISON OF CALCULATED AND MEASURED YALUES OF -THE
OPTICAL RADIANCE OF A LIGHTNING CHANNEL

A. H. Paxton, R. L. Gardner, and Louis Baker
Mission Research Corporation
1720 Randelph Road. S.E.
Albuguerque, NM 87106

Wiliiam Rison
New Mexico Institute of Mining and Technology
Socorro, NM 87801

C. E. Baum
Rir Force Weapons Laboratory/NTAAB
Kirttand AFB, NM 87117

Computer calculations of the brightness of a lighitping channel
are compared to measured values. The computer ceode includes: a
one-dimensional finite-difference hydrodynamics altgorithm; Joule
heating; a tabular equation of state for air; and a multigroup
radgiative transpert treatment. The radiative transport was calculated
ir the diffusion appreoximation, and one of the fregueacy groups
correspended to the .45 to 1.07 , wavelength range, the range of
sensitivity of the photodetector. The measured values of the current
as a function of time were input to the code and the light radiated by
the channel as a function of time was calculated.

The calculated values of the radiance are compared with the
radiance of three lightning channels that was measured at South Baldy
Peak near the Langmuir Laboratory of the New Mexico Institute of
Mining and Technolegy. The light output from a short length of a
lightning channel was measured at the same time that the current into
the ground and the electromagnetic fields at a distance of about 50 m
from the stroke were recorded. The 1lightning, which was triggered by
rockets, struck an aluminum mast that extended 20 m above the ground.
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LIGHTNING MODELING: BREAKDOWN, CHARGE, AND CHARGE DENSITY

by
James G. Smith

Lightning Laboratory and E£lectrical Engineering
College of Engineering and Technology
Seuthern [1iinois University
Carbondate, I[11inois 62801

The Tightning discharge is a transient phenomena strongly dependent
upon initial conditions at the time of return stroke initiation. Theoreti-
cally, the chargs distribution in the vicinity of the discharge is suffi-
cient to determine the necessary initial conditions. It is convenient to
examine this distribution in two parts: a) the charge distribution in the
cloud due to the charge separation process{es) and b) the redistribution
that cccurs during the step-leader process. Because incorrect assumptions
about the original charge/breakdown/charge density relationships can lead
to erroroncus results in the redistribution/leader process, this research
focuses on the former. Assumptions are discussed and data generated to
obtain a single set of universal curves which permit the user to find over
a wide range the interrelationships between the charge density, the maximum
effective breakdown field intensity and the maximum transferrable charge
for heights of the dipole's lower charge center between three and eight
kilometers. Example uses and physical consequences of the interrelation-
ships are discussed.
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FUNDAMENTAL INVESTIGATIONS OF TNS APPLICATTON FOR CALCULATICN OF LIGHTNING-
[NOLUCED VOLTAGES

T. MORITA M, NAKAJIMA M, [SOZAKI
FUJT ELECTRIC
CORPORATE R&D CG., LTD.
1-1 TANABESHINDEN, KAWASAKI 210
JAPAN

1. Introduction

Generally lightning-induced voltage for multi conductors system is shown by
equations as follows,

- 8N/t 81/t

S ST/ 8x=Cl8/ dL(¥-¥in) + €2 &/ 8t (Wia-Viw
where, VY is a propagation voltage over line, L inductance matrix, ! current,
Vin,Vim inducing scalar potentials, G1,C2 matrix by capacitance. The term
C2x(¥in-Vim) is for the induced voltages between multi conductors. Calculated
results of lightning-induced by digital computation are already reported by
Yokovama(l) and Yamamoto(2) et al. [a this paper, TNS(Transisnt Neiwok
Simulator) application which may be more useful for the statistical probability
estimation of the insulation coordination of distributior network thas digital
compulation is fundamentaly investigated.
2.Circuit fundamentaliy iavestigated

In Fig.1, L.C are inductance and capacitance of distribution system, Rs,Bp,Cs
and Cp are circeit elements for the generation of source lightning-induced
voitage, Eo is charged voltage in capacitance Cp and lightning-induced source
voltage Vi is generated by closing of switch Sw. For the maximum values of real
part (r) and imaginary part (y) of the admittance beiween termirals A-4’ as s
function of Frequney, r=C/Cp#n/{n+2) and y=C/Cp*n (where a=Rs/Rp) must be
negiigibly smaller than 1.0.
3. Resul ts

In Fig.2, voltage distribution alorng line is shown at main stroke of
herizontal dislasce of 50m from #l, (O shows resulis by digital computer and X
by TNS, The value in node #3 is slightly differnt due to the not precisely
controlled operation of switeh of Sw in Fig.,l, An analysis of the lightaniag-
induced voltage in multi conductors of distributicn system is parformed for the
estimation of effects of grounding resistances and iightning arresters.
4. Ralerences ; .
(i3S, Vokovama, [EE PASS 103.1.1984. Lightning
{2) K. Yamamoto et al , JIE¥ of Japan, 103,11, 1983. 50m Horizont,
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CURRENT AND VOLTAGE INDUCED ON AN AERIAL TELECOMMUNICATION CABLE
BY A LIGHTNING DISCHARGE

A, Zeddam®, P. Degauque®* and J.Y. Lojou*

* CNET, L&A ELR-DNP, BP 40, 22301 Lannion, France
*x% Lille University, Electronics Dept., 59633 Villeneuve d'Ascq Cédex,
France

At first, we present an efficent numerical code to determine the
elactromagnetic field radiated by a cloud to ground discharge. Since
one of the main problem is the computation of the Sommerfeld integrals
in frequency domain before applyiug Fast Fourier Transform procedures,
we have compared the results given by the various approximacions avai~
iable in the literature to the exact sclution of the Semmerfeld inte-
grals. This comparison have been made for many positions of the trans-
mitting wertical dipole and for varicus ranges between this dipole and
the receiving point. This allows to thoose the best zpproximation for
a2 given configuratiom. By integrating the field produced by each ele-
ment along the channel, the total radiated electric field is computed.

Then we comsider the coupling to an aerial telecommunication line,
| km long, situated at a height of 6 m and grounded at both ends. The
coupling is calculated through the transmission line theory to aveid
a too important time of computation.

A comparison between theoretical and experimental results of the
current induced by a triggered lightning stroke is given together with
a patametric study of the shape and amplitude of the current as a
function of the relative position of the lightning discharge.

Lastly, the shield of the telacommunication cable being characteri-

zed by a transfer impedance, the surge voltage of the common mode is
determined,
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Hew Congept of the Termination of a Bounded Wave
EMP Simulator.

Torbjora Xarlsason,

The Swedish MNational Defense Research Inatitute,
8ox 1165,

5~ 581 11 Linkdping,

Sweden.

A terminator deeigned Tor all frequencies in tha EMP
specirue will be presented with aome experimental and hume-
rical regulta.

The termination is under development for the naw Sweddish
EMP simulator SAFIENS IT.

The classical parailel plate asimulator with conical sec-
ticns at both ends was deasigned as a transmisaion line. The
charachterigtic lapedance iz kept constant along the line
in arder to guide the TEM-mode without reflaciions to tha
terminstor for disaipation. A savere conastraint, though, is
the upper frequsmay limit which is given by the requirenent
that the height ef the simulater should be much smaller
than the actusl wavelengih. Higher frequencies will meatter
from the benda in the top plate, theredy producing higher
order modea which are not properly terminated. The bast
locabion for a working velums was found to de in tha first
conical ssction, Thig Tact gave rise to another dealgn of
simulators consisting of the [iraet conilcal section only,
terminated by a set of wires with distributed resistors
between the top plate and the ground. The reslastors Lermi-
nate the TEM wave, but again there will occur aocme scatie-
ring at the junction between the plate and the wires, as
well a8 from the wiyes and the resistors.

Once the atep is taken from the tranemission line thaory to
a more general Yreatment af the scatbering process in order
to minlmize the refliesctions from the Lerminator, the new
concapt becomeg obvicus, Ag in any dSroad-band non-refllecti-

ve construction, the idea 48 To incresse the scattering
progreasively along the termination.

The new terminalor compris#s two parts, one tapering sec-—
tion and one dissipative section with wires interconnscting
digtributed realstora. In order to decreass the gcattering
from the plate-wire Jjuncticn, the tapering sectien iz in-
troduced conalsting of triangular plates connscting the
wired to the top plate. The resistance valiues are conti-
nuously increadging outwards along the wires which are pro-
lected hordzontally from the Junction and are gradually
bent down to be connected to the ground plate.
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DESIGN QF VARIABLE-HEIGHT LARGE WIRE NEMP-SIMULATCR ANTENNAS

Branko D. Popovi¢ and Aleksandar G. Fotev
pepartment of Electrical Engineering, University of
Belgrade, P.0O. Box 816, 11001 Belgrade, Yugoslavia

While in the case of small NEMP-simulatorxs it is almost
irrelevant whether the antenna is of fixed or of variable
height, if very large NEMP-simulators are considered it is
of considerable interest that the height of the simulator
antenna ©an be varied in a signiflcant range. From the one
side, it is often necegsary to analyse the effect of NEMP on
vary large ohijects {e.g., ships or aircrafts)}, even in simu-
lated NEMP of smaller peak value than the standard, and on
the other side it might be necessary to test smaller objects
{e.g., containers, tanks, complete ground communication
systems, etc.) in gsimulated NEMP of much larger peak value
than the standard. A large NEMP-simulator wilth an antenna
of variable height enables that these two tasks can be accom-
plished with a single simulator.

in designing a simulator with variable-height antenna, there
is a number of problems which need to be solved in addition
to those existing in the case when the antenna is of constant
height. Two most important of these are, probably, the fol-
lowing: (1) finding a wechanical constructicon which enables
simple and fast change of the antenna height, and (2} the
electrical analysis ¢f the effects of the variable antenna
height, Iincluding such important toplces as the necessary
value of the pulse-generator voltage to obtain a desired
field in the simulator or, conversely, the field which can

be obtained in the simulator for different antenna heighis
corresponding to a given voltage of the pulse-generator. This
is not a trivial analysis at all, and a number of approximat-
ions must be intyoduced in order to solve the problem.

This paper is almed at presenting some results relating to

mechanical and electrical design of variable-height large
wire NEMP-simulator antennas.
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OPTIMAL DESIGN OF OUTDOOR TEM WIRE NEMP-SIMULATOR ANTENNA

Branko D. Popovié and Antonije R. Diordjevid,
Department of Electrical Engineering, University of
Belgrade, P.O, Box 816, 11001 Belgrade, Yugoslavia

When deslgning MNEMP simulators, three basic requirements
should be met concerning the simulator antennas {1y it
should be well matched +to the pulse generator, (2) it
should not have appreciable reflected wave from its far
end, and (3) in the operating volume it should produce
the field as c¢lose as possible to the standard NEMP. in
order that these three conditions could simultanecusly be
met, it iz convenient to design the simulator antenna by
means of numerical optimization technigues. This paper
is aimed at presenting a method for optimal design of TEM
wire NEMP-simulator antennas, as well as experimental
results obtained on a small-scale model of an optimal
antenna.

Briefly, cylindrical part of the NEMP-simulator antenna
is analysed using guasi-static appreoach, and the desired
profile of its cross—section is cobtained by optimization
of a function of the characteristic impedance of the TEM
line ({which is determined by the resistance of the pulse
generator) and of the homogeneity of the fileld in a
desired operating wvolume. The guasi-cconical ends of the
antenna are then designed to be electrodynamically as
similar as possible to the cylindrical antenna part at
any cross-section perpendicular to  the antenna  axis,
Cne of the ends 1§ terminated by a resistor of resistance
equal to the line characteristic impedance, and the othexr
end is connected to the pulse generator.

A small-scale model of an optimal antenna was made and
is properties measured. It was found that the input
and, to a lesser extent, output terminals must be designed
with great care in order to obtain the proper frequency
response of the antenna, Once this had been done, the
antenna properties were found to be quite close to the
optimal: the impedance of the simulator antenna was found
to be practically egqual to the cylindrical antenna part
characteristic impedance, and the homogeneity of the field
approximately as predicted by the guasi«static medel, in
the whole range of frequencies of the standard NEMP,
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NUMERICAL EVALUATION COF THE FIELD INSIDE AND QUTSIDE OF NEMP
SIMULATOR WIRE ANTENHAS

antonije R. Djordjevid and Branko D. Popovid,
Department of Electrical Bngineering, University of
Belgrade, P.C. Box 816, 11001 Belgrade, Yugoslavia

Pulse waveforms within the work space of an NEMP simulator
can significantly differ from the generator waveform due
to the radjation from the input part of the simulator,
raflections and other problems associated with launching
a TEM wave. When designing large NEMP simulators it is,
therefore, necessary to c¢heck the waveforms at a number

of points within the work space. & method for numerical
egvaluation of the field waveform within wire NEMP simulaw
tors is presented here. It is kased on the two-petential

egquation in freguency domain and the point-matching nethoed
with polynomial approximation of current distribution /1/.
Howaver, due to a very large ratic between the pulse
duration and its rise time, it is inconvenient te directly
apply the fast Fourier transform (FFT). Instead, Green’s
functions (i.e., fields due to an impulsive generator driving
the simulator) are evaluated by using FFT, and these
functions are then convolved with the true generator wave-~
form to obtain the field within the simulator.

Large outdoor NEMP gimulators can create a strong field in
their viecinity, which can interfere with other equipment at
the teat site, or even further away. It is very useful to
know this field before building a simulater. This field
can be obtained by using the same technique as above. How-
aver, the field radiated from the simulator has the form of
a relatively short pulse because higher frequency components
are dominant in the field spectrum. Therefore, the wave-
forms can be obtained directly by using FFT.

The theoretical results were found to agree with predictions,
waveforms avallable from existing simulators and frequency-
domain measurements on a small-scale model.
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EM field weasurements
aear a parallel plate gimulator

B. DIJEBARI* ~ P. MORIN**

# CNET/LAAJBLR/DNP —~ BF 40 — 22301 LANNION CEDEX ~ FRANCE

#% ETCA ~ 16 Avenue Prisur de la Cote d'Or —~ 94140 ARCUEIL - FRANCE

ABSTRACLT :

In 1980 the CNET built the SIEM 80 wV parallel plate simulator, which 1s
50 m loag, 1.5 m high and 1.5 wn wide.

In order to test electronlc telephone bays it ie necessary to construct a
large simulator of the same type with 400 EV capability.

Aa the new simulator 1s to be located aear am alrport and electroaic labo~
ratories, before selecting its site and orileatation, It is neceassary to
measute the EM field surrounding the actuel SIEM 80 kY (both near the
ground and airborne using a helicopter).

An optical system which gives the azimuthal and elevation aungles 13 used.
This paper describes the emperiment, pregents the radfated EM field in the
time and freguency domailns, analyses the results and compare them te those
ziven an horizontal progressive wave antenna.
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IMPRCVEMENTS TC THE SEXCE COUPLING HMODEL
OF INTERICK WIRE RESPONSES®

K. 8. Kunz, H. G. Hudson, J. K. Breakail
B, J. King and R. ¥W. Ziolkbwski

Lawrence Livermore Nationazl Laboratory
Livermope, California 94550

The SEXCE coupling model of interior wire responses was [irst
developed in two parts: & shielding effsctiveness (SE) term that
deseribed the hull effgct and 2 coupling affectiveness (CE) term
that desoribed an lnterlor wire's anlenna-like redgponse to the
paenetrating field. This model predicts the current responss on
interior wires under & variety of real world conditions, and
permits estimmting the upper bound ef current amplitudes vs
frequeancy.

It #ss noted zhat the ¢ of wire resonances weprs sharpened when the
wire wvas placed inzlde an enolosurs. Hy charactarizing the amount
of sharpening, it was poasible to extemd the SEXCE model to wherse
i1t charasterized the energy of interior responses as well as thelr
amplitude,

Two unambigucus features of the SEXCE model are the aperturs
cutoff frequency, below uhicg the ﬁasponf? falls off rapicly,
typically on the opder of w*, and the w ' antenna~like rolloff
above the aperture cutoeflf Prequency. The Lehavior below aperture
cutoff, where shielding can bs said to be effeotive, was not fully
characterized, Asymptotie limits have been developed that more
compléetely describe this regims. This allows “baok of the
envalope® sstimates to be made in this regime of the shielding
affectivenssa, This complements cur existing capabllity to make
these estimates above the aperture cutoff frequency.
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Calculaticon of Rebar Attenuation and EMP Induced
Transients Inaide Rebar Enclesures

N. Esser, BE,H. Brehm, R. Geradt

BROWN BOVERI & CIE AG
.0, Bax 351
D-68C0 Mannheim 1, W.-Germany

In deaigning EMP-hardening of cables aad slactronics

inside rebay enclosures the EMP-affects must be well Xnown;
impertant are the time dependant electromagnetic field ang
the transients of veltaga and current induced on cables.

Experimental technigques may be used but beaides their high
cost angd effort they may cause temporary reductions or even
broak-downs in power systems of the facility. Therefors
computer programs to calculate the effects are often prefered.

In this paper a computer program 1s presented which can be
used for various problems of shielding and coupling.

First of all the ahielding effectiveness of single- or
double-course rebar conastructions ia calculated in the
frequaency domain by using the geometric and slectromagnetic
parameters, Apartures such as doers or windows and different
detector points whithin the building can bea considered.

Then the Fourier-spectrum of a plan® wave in the frequency
domain {standard EMP or any simulation pulse) is multiplied

by the given {calculated} shielding functicn to cbtain the
apectrum and waveform inside the building. This is the

source of common-mode coupling ¢ cables.

The transients of wvoltage and current on cables are computed
in the frequency domain and then they are transformed toc the
time domain.

The cablea may run horizontaliy or vertically. The polariza-
tion of the field, the parameters of the (lossy) cable and
wall reflection coefficients can be considered as well as
different types of cable shields and conductor configurations.
The terminating impedances at both ends are optional (characte-
ristic impedance, shart/open circuit, etc.). .

Different examples are presented to illustrate the computer
program as a useful toel to calculate the EMP-effects, to
flgure out sensitive parameters, tO prepare experimental
technigques and to desigh the best EMP~hardening.
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THE USE OF TRANSMISSION-LINE MODELLING (7TLM) IN
INTERNAL INTERACTION PROBLEMS

fhillip Wayley, Christes Christopoulos and Peter 3. Johns
pepartment of Electrical and Electronic¢ Engineering,
tiniversity of Nottingham, Nottingham. U.K,

This contribution describes three different approaches to the
problem using the TLM method (1) and compares results.

Assessmant of internal interaction involves the calculation of
induced currents inwires placed inside metallic ar semi-
insulating structures illuminated by electromagnetic fields.

The normal procedure is to calculate the surface currents on the
structure due to the incident #.M. field and then to computz the
induced currents on wires inside the structure using the
appropriate coupling parameters {2). Alternatively, the E.M.
field incident in the vicinity of the wire may be calculated and
coupling represented by voltage and current Scurces on a one-
dimensional circuit model of the wire. In one method of
golurion {3} the wave equations are formulated and solved in the
frequency domain by standard numerical techniques.

In the first place this paper describes an alternative way of
solving the one~dimensional circuit model in the time domain.
Solution in the time domain offers advantages especially in the
treatment of non-linegrities. Secondly, a three-dimensional
model of the field problem is developed by populating the space
around the wire by a network of intersecting transmission lines.
The wire itself is descriped, to any detail reguired, by short~
circulting appropriate nodes in the transmission line network.

Pirally, since description of the wire in increasing decail
requires a very fine mesh with obvious penalties in the use of
computer resources, developments in diakopticgs are also
desceribed. This give a more efficlient use of computaticnal
resources.

Circumstances under which one approach Ls better than others are
a0t necessarily obvious and this aspect of the work will be
discussed.

Acknowliaedgement: This work has been carried out with the support
of Procurement Executive, Ministry of Defence, U.X,
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ELECTROMAGNETIC FIELD DISTRIBUTION
AND FREQUENCY RESPONSE FOR EMP EXCITATION OF
AN 5-280 EMP SHELTER

A.S. Colligr
7.8. Papazian
P.M, MeKenna

R.A. Perala

Electro Magnstic Applications, Inc,
P.0. Box 28263
Danver, Colorada 80226
(303) 980-G07Q

ABSTRACT

The slectromagnetic field responsa has been calculated for an $-280
shelter with both resistive and inductive door seam impedances in an NEMP
environment. Psgak field distributions ware calculated throughout the shelter
showing tha greatest amplitude near the seams. The {requency response,
calculated at various points throughout ihe shelter show a clear dslingation
betwasn high {requency propagating modes and lower frequency evanesgent
modes. The propagating modes star? with the lowest frequency near the
fundamental resanance mode of the shelter. The peaks of the shelter
resonance spectrum dominata the high frequency ranga.

The mathematical model is based on 2 finite difterence representation
of Maxweil's equations together with the exiernal currents across shelter
seams and seam transfer impedance as the physical source of the internal
excitation. These calcutations are compared with an experimenial pulse
waveform and independent seam impedance measurements as the
varification of the model.
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EFFECTS OF DIELECTRIC LOADING ON RESONANCES IN THE
CONCENTRIC SPHERICAL CAVITY

Louis F. Libelc and Cuy E. Pisane
Harry Diamond Laboratories,
Adelphi MD

Richard W. Ziolkowsli,
Lawrenca Livermore National Laboratory,
Livermore CA

An analytic atudy of coupling of electromagnetic
radiation to enclosed elements, conaedquent to penetrstlon
through apertures in & shield, ia being puraued. BSeveral
reaults obtained during the couras of the atudy shall he
reported.

For a amall aparture ona naturally expects the
intmrnel resonant freaguencies to be very nesrly thoaa of
the closed ayster. Hance s study was made of the
reacnances of & aimple canopnical ayater end affsctes
induced by varying the size of an gnclosed element were
ohaarved. Further, dielectric loading wea introduced in
the interior snd the affects on the cavity resohances
datermined.

Resulta shall be given for the simple gecmatry of a
conducting sphere containing & concentric spherical
conductor with varying aize of inner redius. Effectz due
te aeparatsly cladding the interior aphers and the outer
conductor with & dielectric layer a&hall be ahown and
conpared for different dielegtric strengtha and layer
thickneagea., The resulta diaplay & variety of
characteristicae of practical ailgnificance in underastanding
coupling phenoréna.
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EXPERIMENTAL STUDIES IN EM COUPLING
THROUGH APERATURES, SLITS AND SEAMS®

8, T. Panncek, H. G. Budsom, R. 4. King
K. 3. Xunz and 4. P, Ludwigasn

Lawrance Liveruors National Laboratory
Liversore, California 98550

4 wey factor in being able to prediet the vulnerability of
military aystema %o elsctromagnetic threata involves the
phenogenoliogy of how the snergy panetrates through back door ports
of entry {POE's). This presentation focuses on coupling through
apertures, allts and seams.

Tha onset of the most significant penetratioa through thess POE's
oceours when they becoms resonant, and the response with fraquenay
depsnds on the POE'a aize and shape. Below resonance thelr
shlelding effsctiveness can be appreciable. Coupling tends to
peak near resonance dgpsnding on the § of the POE., In turn, this
Q is 8 function of ine aspsct {length/haight) ratlo. Above
roscnance these POE's often offer littls shielding effectivensas
and enargy aimply "shines through.®

Experiments wers mada on goupling through a varlety of suech POE's
in a plane and 1la a sylyndrical @aviiy using the breoadband

{0.1+18 GHz) EMPEROR Laborataory at Lawrsnoe Livermore Hatlonal
Laboratory. These reaults will be compared with some modeling
predictions, and the phsnomenclogy of the coupling effsnta will ba
axplained;

Once tha snergy penstrates the POE, it can couple Lo wires and
ecablas., Results will alse be given for thess cases, and the
phenomenology interpretad in terms of the SEXCE predictive model
whieh will be sxplainead in another pressntation at his mesting.
Finally, in an enclosed aystexm the energy which penstrases a PQE
rattles around inside the enclosure, creating 3till another aspent
of the overall coupling problem.
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CONSIDERATIONS FOR A HEMP SYSTEM-LEVEL FIGURE OF MERIT

EDWARD F. VANCE and JEFFREY E. CASPER
SRI International
333 Ravensweod Avenug
Menle Park, California 94023

In addition to the initial cost of designing, fabricating, and manufacturing
the hardening elements, the true cost of HEMP hardening inciudes the cost of
maintzining and verilving the hardening after it is operating in the field. Becauss
it is often difficult to assign costs to activities beyond the design process, the
determination of realistic total system hardening costs may also be difficuit.
Furthermore, the only measure of the value received for these costs has been an
assurance that the hardening meets the system requirements. In the absence of other
justification, a procuring office weighing several alternative designs would
probably select the lowest-cost alternative.

A systematic way to establish the vaiue of HEMP hardening is needed, so
that procuring agencies can balance cost against value, The vaiue of HEMP
hardness is postulated to be highest if {1) there is high confidence that the hardness
exists; (2) the hardness is resistant to change because of use, environment, age, wear,
tack of preseribed maintenance, and other expected situations; and (3) the hardening
elements requirs little maiatenance.

This paper describes Factors that contribete 10 the noticn of HEMP life-cycle
hardening value, These faciors are described in semi-quantitative terms which
produce a useful enginecering checklist and 2 meaps of judging the merit, in an EMP
hardening scnse, associated with similar design features in two or more candidate
designs. The checklist can be used by a procuring agency to identify a good HEMP-
hardening design and to review and evaluate coniractors’ designs so that a relative
confidence in the HEMP hardness ¢can be established. It can also be used by design
engineers to ensure that they bave considered the elements necessary to produce a
design consistent with low-risk HEMP hardening.
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EMP TEST OF FAST PATROL BOATS

Rarl L. Grenhaug
Norwegian Defence Research Establishment
P.0.Box 25, N-2007 Kjeller
Norway

EMP testing of two Fast Patrol Boats {FPB) was carried out in
1382. One of the FP3's was old and had a simple EMC protection. The
other was comparatively new with an extensive EMC protection.

A transpission line simulatox was erected over the vessels, Ii was
confirmed by the test that the seawater could be used as the lowWer
plate {grcund plane}. The tests were carried out with a peak vertical
EMP field strength of about § and 0 kV/a.

Mapping of fields and measurements of cuzrrent and voltage in important
circuits were carried out with a field strength of 5 kV/m. This was
done at various points {abpout 60) exterior and interior to the hull.
Finally a functional check-out of all major electrical and electronic
systems was performed at the 10 k¥/m field strength level.

Some results of field mapping and measurements are presented
together with a description of main results of system assessments.
Measurements on various antennas and conductors are compared

with results from a theoretical prediction study.

Protective measures were specified after evaluation of test results,
The principle of these measures will be described.
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MEASUREMENT OF SEAM IMPEDANCES
OF TACTICAL SHELTERS FOR
THREAT LEVEL NEMP SIMULATION

P.B, Papazian
R.A. Perala
C.E. Easterbrook
P.M. McKenna

Elgctro Magnatic Applications, Inc.
P.C. Box 26263
Denver, Colorado 80226
(303) 980-0070

In order to successfully madel internat field responses of shefters in an
NEMP enviroriment, seam transfer functions must be accurately known.

A discussion of several methods which recently have bean developad
for this task include internal seam voitage measuremsnts using AESOP
excitation and the seam impedance measurament method (SIMM).

Data giving typical seam impedance valuss for an S280 shelter are
presented. It is concluded that reliabie measurements of this fundamentat
quantity needed In dstermining shelter shielding effectiveness can be made
under laboratory conditions.
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CALCULATED INTERNAL RESPONSE OF AN
ARC-SPRAYED ZINC SHELTER

R.S. Collier
Terance Rudelph
R.A, Parala

Electro Magnetic Applications, ine.
P.0O. Box 26263
Denvar, Colorado 80226
(303) 980-0070

ABSTRACT

The electromagnstic fisld response has been calculated for a small
huilding which was shislded by arc-spraying the interior with a thin layer of
zing. The calculations are based on a finite differance representation of
Maxwsil's Equations and a thin layer convolution representation for the
transfer impedance of the metallic zing layer. The response shows the
diffusion fields with time constants much longer than the source puise width,
Results are given for several different points inside the shelter. The induced
currant in a straight wire along the inside length of the shelter is also given.
Tha higher frequency propagating modes inside the shelter are also evident
in the response curves for both the electric and magnaetic fields,
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THE CASE FOR IDENTIFYING CONTACT IMPEDANCE AS
THE MAJOR ELECTROMAGNETIC HARDNESS DEGRADATION FACTOR?

L. 0. Hoeft

The BDM Cerporaticn
1801 Randolph Road, 5.E.
Albuguerque, New Mexico B7106
(505) 848-5399

The purpose of this study was to identify the factor that is both
the most 1ikely to change during the 1ife of a sysiem and is a dominant
electremagnetic coupling mechanism. The approach used was to examine
experimentai data on shielding of cables, cablaways and enclosures and
look for coupling mechanisms that could change during the life of the
system. The conductivity, permeability and thickness of a shield will
net change, therefore diffusion coupling and shield resistance will
not change. The high frequency electromagnetic performance of most
cable shields 1is limited by porpoising coupling, not apertures.
Porpoising coupling is determined by the contact impedance between braid
wires. Even in aperture dominated cable shields. &pertures do not change
significantly with use. Connector/backshell measurements are dominated
ty centact impedance. Cablewsy measurements show that contact impedance
dominates over most of the EMP frequency range. Measurementis of equipment
boxes and racks showed that the electromagnetic performance was determined
by the contact resistance of the Jjoints over most of the EMP frequency
range. Conductive penetrations are a major path for coupling exterior
skin currents to interior cables in aircraft. The amount of current
that is coupled through a shield is directly proportional to the impedance
batween the conducter and the shield. Experience has shown that mating
surfaces must be deformed in order to achieve the "ultimate” transfer
impedance. Examination of the possibie coupling mechanisms through
a shield shows that contact impedance is the factor that is most tikely
to change during the life of the system. This change can cccur because
of oxidation/corrosion or mechanical damage of the mating surfaces.
Unfortunately, contact impedance is poorly understood, especially when
compared to other coupling mechanisms.

An examination of a wide range of experimental data shows that
contact impedance rather than enlargement of apertures or changes fin
material conductivity appears to be the major electromagnetic hardriess
degradation factor., It is alsc the least understood,
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A SIMPLE THEGRY FOR PREDICTING THE ELECTROMAGNETIC PERFORMANCE
OF ENCLOSURES USING IMPEDANCE AND POLARIZABILITY MEASUREMENTS

L. 0. Hoeft

The BDM Corporation
1801 Randolph Road, S5.E.
AThugquerque, New Mexico 87106
(505} 848-5399

Electromagretic anmalyses frequently use magnetic field attenuatior
to specify the performance of enclosures. The magnetic field atteruation
is the ratio of the surface magnetic field on the exterier of the
enciosure to the magnetic field inside. This gquantity is often more
useful than shielding effectiveness for electrically small enclosures
because it eliminates the external ceupling from the
specification/prediction.

In 1982, Madle and Hoeft presented a simpie theory for understanding
the magnetic field attenuation of electrically small enclosures. This
theory was semi-guantitative since it could predict the freguency
dependence of the magnetic field attenuation and could predict the
refative attenuation of varicus enciosures. This thecry has been refined
so that quantitative predictions can be made of the surface magnetic
field attenuation of a wide range of enclosures. These enclosures include
those with resistive joints, and both cpen and shielded aperiures. The
surface vresistance and effective magnetic polarizability of aperture
coverings, such as flame sprayed coatings and wire mesh, can be accounted
for. This theory allews the definition of calibration panels whose
electromagretic performance is based on independent parameiers, such
as hole size and surface resistance. Similar calibration samples have
been extremely useful for establishing the credibility of surface transfer
impedance measurements of cables and conpectors. The theory suggests
that the definition, measurement and use of a surface transfer impedance,
with units of Ohms/square, or surface transfer admittance, with units
of mhos/square, may be advantageous.

Comparison between theory and experiment shows that reasonably
good agreement is obtained for a wide range of enclosuraes.
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On_Grounding - Practical Procedures based on
Electromagnetic Theory.

Torb)srn Karlsson,

The Swedish National Defense Research Institute,
Box 116%,

5~581 11 Linkbping,

Sweden.

For many years, grounding hae been considered to be an
engineering technigue consisting of different sets of prac-
tical rules, not always self-conmsistent. The objective
often seems to be rather nebulous which may eount for the
eometimes emotional influence on technical discussions,

On the other nand, the concept of controlied electromagne-
tic topology provides an opportunity to attain z unifica-
tion ef the grounding procedures. Grounding can bhe given a
tepologically significant definition which will ¢onstitute
a relevant bage for practical methods. Although the course
to achieve practical and useful rules seems to be fajrly
straight{orward, there are some obstacles in the way which
have to DE overcome.

The first issue to be considered is the difficulty in app-
lying topological methods te 2 eyetem that fa designed
without any consideration of ¢lectromagnetic topolegy. In
order to be able to cope with that problem, the concept of
& generalized shield Zig introduced. In electromagnetic
topology, surfacee are considersd Yo be boundaries virtualwe
iy impervious to electromagnetic energy. In the generalized
context, the boundariees do not have to consist of integral
metzl shizlds but some kind of hindrance to electromagnetic
caupling.

The next guestion is how to narrow the gap between the
thesretically formulated general grounding strategy and the
engineering practice. The general shield provides an impor-
tant element in traneforming abstruse abstract formulations
into practical grounding methodology.

At last, the most important oblective of grounding is
discugsed, Once the purpose ls determined, there will be no
dispute concerning different methods of procedure. An
integral approach which comprises different reguirements on
grounding ie now possible to perform which will ¢reate 2
high system reliability with low life cycle costs

Relference: Carl Baum, Topological Congjderations for low-
frequency Grounding and Shielding.
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MILITARY ATRCRAFT SUBSTSTEM STANDARDS DEVELGEMENT

1Lt Harold M. MeClendon
Air Poree Aeronatical Systems Division
Directorate of Avionics Engineering
Wright-Patteraon AFB, Ohio 45833-6503

M. Joha C. Zentner
Alr Force Agsronautical Systems Dlvision
Directorate of Avionles Engineering
Wright-Patbtergon AFB, Chio 45433-6503

ABSTRACT

The Aeronawtical S8ystems Diviasion {ASD) at Wright-Patteraon
AFR, Ohio, has prepared Notices for inclusion in MIL~STD-L61B
and MIL=-STD=U62 whish addresa generic subsystem/squipment
transtent hardness requirements and tesat methods for alreraft
application. In the near future, ASD wiil eclirculate the
proposed documents throughout the Alr Feorce for review and
coordination. After tha documenta ars published for Alr Force
uge, ASD will submlt the documents for tri-~service review and
coordination. The Notices are In response te Department of
Defense tasking to the Alr Force (ASD is the designated lead
activity) to develop alectromagnetie pulsge (EMP}
specifications and atandards for military aircraft. The
proposed changea are generic in that they do not specifically
reference EMP due to thelr applicablility to other transient
environments such as lightning, Aircraft system-~level EMP
standards are presently under development.
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CORRELATION OF MIL-STD-285 MEASUREMENTS, SEAM
TRANSFER IMPEDANCE AND
EMP SHIELDING EFFECTIVENESS

James A. Elfiott
Terence Rudeciph
Staven L. Parker
R.A Parzla
Paul M. McKenna

Electro Magnetic Applications, inc.
P.0Q. Box 26263
Denver, Colorado 80226
{303) 980-0070

ABSTRACT

A model for the penetration of shiskied enclosures by slectromagnetic
flelds is developed. The dominant sources are seams, each of which is
characterized by its own transfar impedance. This parameter is used 1o relats
shiglding effeciivenass detarmined by RFCW MIL-§TD-285 measuremenis to
the EMP case. The results of measurements and computer simulations for
both RFCW and EMP demonstrate the efficacy of the technique.
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A Practical, High-Reliabllity EMP Detector System

C.E. Baum and J4.P. Q'Neill
Air Forece Weapons Laboratory
Kirtland AFB, HM BT117

and

M.E, Gruchalla and G.D. Sower
EG&G Washington Analytical Services Center, Inc.
P.G. Box 9700
Albuguerqua, New Mexico 87229
UsA

An EMP detector systesm (s a viable means of early warning by
providing positive indication of high altitude svents. In order for
such a system to be a valuable addition tc a strategic early warning
system, 1t must be highly reliable, exhibit a practical producibdle
design, incorporate bullt-in test equipment for functional verification
and fauylt detection, and be €asily installed and maintained by user
agency Field personnel.

The described system incorporates multiple redundant sensing to
maximize reliability, and multiple voting among elements to minimize the
probability of Talse alarm. Lightaing discrimination is included in the
basic design to minimlze the probability of falae triggering from light-
ning events. Flexibility of the design allows the use of one, two, or
three individuwal sensors in the system without medificaticns.

The sensor unlt 1a environmentally and electromagnetically
protected allowing placement in virtually any lecation. 1Its physical
construction allows mounting on any flat surface without special
accommodations. The controller elements are individually hardened Lo
EMP/EML to provide trouble free cperabion in high EM environments
without the need to provide cosily, high maintenance screensd
environments. The total controller requires approximately 24 inches of
non-hardened 19-inch rack space.

Intercoanection between the sensor unit and the controller La via
conventional rigld electrical conduit and standard video cable. Three
cables are required for sensing and one for sell test. All connectlons
are made via simple, screw type terminal strips and crimp-on termi-
nals. Signaling la done using current loop technigues resulting in an
extremely reliable design of aminimum complexity. The nead for separate
power and signating lines is eliminated. The requirement for batteries
in the sensor unit i3 eliminated allowing the sensor unit to be a
totally sealed system,

The system operates from either nominal 12V OC or from AC mains of
120V to 240V, S50 Hz to 400 Hz. This allows operation in almost any land
or sea based glte where such a unit aight be of value.

Built-in test equipment continuousaly monitors various parameters
and provides real time indication of the system's current status as well
as historical status for ease of fault isclation and maintenance. Thia
also allows a positive test of the individual senging circuits from the
controller.

This work was sponsored by the Alr Force Weapons Laboratory under
Contract F29650-84-DEQOS.
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MODULAR DATA SYSTEW (MDS)

George S. lu
Air Force Weapons Laboratory
Kirtland AFB, New Mexicao

A high-speed Modular Data System {MDS) for recording EMP response and other
EM phenomena is being developed Dy the Air Force Weapons Laboratory., This CAMAC-
based instrumentation system will be used for EMP testing of the aircraft and
AFWL, EMP Test Bed Aircraft (EMPTAC). A single, 19-inch wide CAMAC crate can
support three complete high-speed transient recording channels.

Each recording channel is based on a charge coupled device (CCD) A/D
design from the current state-of-the-art transient recorder. The recorder
has a 250 MHz bandwidth using a 1.35 GHz sample rate for 10,000 samples and
7.5 bit effective resolution. The signal condition has a 5 48 noise figure,
better tahn 36 dB harmonic distortion at 0 dBm and better than 100 kHz to
250G MHz bandwidth. The signal conditioner has independent controi of gain,
attenuation and frequency response for integration and differentiation that
are optimized for E¥P measurements. High-data acquisition rates are possitle
through the use of four, 16 port remote coaxial switches (RCS). Each RCS is
fiber optic controiled from the signal conditioner unit. Any one of up to
64 sensors can be seleg¢ted as input into the signal conductor.

Control of this system is programmable with & computer via a GPIB fiber
aptic bus extender or manually from the front panel switch and display.
Complete verification hardware and software is built inte the system to ensure
high data integrity.
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Telemetry Control System (TCS)
A Highly Automated Data Acquisition Approach

A.J. Bonham, J. Cafferiy, T, Franklin and D. Tangman
EG&G Washington Analytical Services Center, Inc.
P.G. Box $100C
Albuguerque, NM 87119

EG& Washington Analytical Services Center, Inc., has developed a
Telemetry Control System for the Defense Nueclear Agency which automates
the control functlons required to support data acquisition within the
context of the EMP Test Environment.

The control system conalata of a high-speed, 16-bit minicomputer as
cantreller and three, ten-megabyte disc drives for data storage housed
within a shie¢lded rack enclosure. A combination of custom software and
& powerful dstabase management softiware package 1s ugsed to exercise
control over the external data acquisition system, Fiber optic links
are used to conmnect the centrel syatem to two multichannel data acquisi-
tion systems consilsting of an eight-channel data link controller and an
elght~channel, logewelghted, peak=level recorder. A single point of
control 1s provided by a fiber optie connection to a shielded terminal
{located near the test object) from which the Test Director can guide
the test and view the detected peak level values as they are acquired.
The TCS uses these peripheral davices in real time to control the system
galn and ecquire bipolar peak level dabta frem remcte test points. The
system design provides enough flexibility to allow for deviations from,
and additions to, the test schedule while the test is in progress.

The operating system used by the TCS supports a multiuser environ-
ment sc that the capabilities of the databaze mansgement software may be
used while data are being acquired., 1In addition to data editing, sorte
ing, and searching, these capabilities include the generation of a
number of standard and creatlve report formats.

The system became operational in the third quarter of 1985,

Thia work was sponsored by the Defense Nuclear Agency under
Contract DNAOGT=-83=C=0111..
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ELECTROMAGNETIC LABORATORIES AND HEASUREMENT
TECHHIQUES FOR COUPLING PHEROMEROLOGY¥

R. J. King, P. Ludwigszen, G. Hudson, and D. ¥yths
Lawrence Liversors Natlonal Laboratory
Livermore, California 94550

i overview of the LLML broadband simuilator laboratories and
ccherent disgnostic techniques will be described. The application
of these technologles to coupling phencmenclogy studiss using
goneric and scale wmodel test obDjscts will be deseribed, but the
actual test results will be deferred to companion papers to be
presented at this seeting.

The EMPEROR Laborstory will be deseribsd first. This is a large
(3m high) brosdband (0.1+18CHz) constant gain monocone radiator
situsted over a ground plane end shrouded with low frequency
Blerowave absorber whilch mitigates undesirsd reflections from the
walle, osiling, ground plane sdges, eta. It can be opersted in
either the time or frequency domsin wodes. In the time domain,
the spurcs $3 8 high voliage, fast rise btime repetitive pulser,
an¢ the diagnostlos center around 2 slorowsve frequency sampling
csellloscope. In the freguency demmin, a 20 o¥ synthesizsd scurce
ig used in conjunction with a state of the art ccherent automatic
network analyzer diagnestics gystss with peripheral computse
aontrols, data astorage/wmnagement/prosassing equlpssnt.

For grester [lexibility of test object configurabions, and to
perilt studying the effects of polsrization, Incldence direction,
sta., the microwsve {1+18GH:) snechoic chamber 1s used., This too
ia equipped with & 3tate of the art automsiic network analyzer and
associated computer controls, pettern plotbters, and data
storage/managenent/processing equipmsnt,

We will conclude with a description of a broadbang {(2-18CHz)
oohersnt lnstrusentation system being developed to map fleld
componants inside apertures and cavitliss, and for measuring wirs
and surface current distributions. This tool will be useful for
understanding the details of coupling effects amd for validating
mzerical modsling codaes.
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Hork performed under the zuspices of the Y.3$. Department of
Energy by th: Lawrence Livermore KMatfonal Laboraztory under
contract number W-7405-ENG-48, and funded by The Defense Nuclear
hgency, IACRO 86-837.



Recent Developments in Automated
Continuous Wave Illumination Test Systems

B. Gage and E, Merewether
Selence Engineering Applications, Inc.
2500 Lpuisiana Blvd. RE, Suite 505
Albuguerque, HM 87110

and

Je idge, T. Frarnklin, A, Holladay,

P.Q. Lindsey, E.L. Shosmate, and D.R. Wood
£68C Washington Analytical Services Center, Inc,
P.0. Box 91300
Albugquerque, NM 87119

The Swiss Confederatlon and the U.S. Naval Surface Weapons
Center, with support from EG&G and Science Engineering Appiications,
Ine. {(SEA), have developed highly automated systems for C¥W (llumina-
tion control and data acquisition. Each system operates under compyw
ter control utilizing a dstabase management system $o store and ex=
ecute "Teat Plan® defined parameters, This approach mipimizes execu-
tion errors and produces s higher data acquisition rate than previcus
C¥ aystems used in the stepped mede., Flexibility is designed into
the system te permit those changes in test plans that inherently
occur in any {leld test program. These changes are entered with a
minimue of operator interaction. Operator data entry during besting
i3 normally accompllshed with responses to as few as three prompts.

This database approach, coupled with state~of-the-art nebtwork
analyzer hardware provides the capability bto take measurements of
improved sensitivity, with greater accuracy and at a higher data rate
than previously possible. The data are corrected for all instrumen=
tation effects to produce, in real time, an cutput showing the meas-
urement quantlty, in corrected units, at the measurement point. The
data are then stored on disk ané key parameters are saved in the
database system from which detailed or summary reports can be produc—
ed on demand,

An "Analyst Peckage” of software tools alsc i3 included which
provides capabilities fors

@ Scaler and vector operations on data in time
or frequency domains,

@ Forward and Inverse Fouriler Transforms

8 Complete plotting capability including
multiple plot overlays.

This work sponsored in part by the U.S, Naval Surface Weapons
Center under Contract ¥60921-84-L-0056,
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Integrated Software for EMP Teat Planning,
Data Acquisition, and Data Analysis
& Program Overview

T, Franklin, A. Holladay, L. Jones, P.G. Lindsey
R. Staggs, D. Tangman, and D.R. Wood
ECEG Washington Analytical Services Center, Inc.
.0, Box 3100
Albvuquergue, NM B7115

EG&G, Ine, has developed an integrated software solution to the
problems of EMP test planning, data acquisition and analysis. The
sof tware supporta both CW snd pulse data acquisition systems within
the same operational environment.

The software conalsts of a full~featured database management
system which Ffacilitates test planning, data management and test
reporting; programs to perform the data acguisltion tasks; and a
sackage of programs for test data analysis.

The software runs on Dlgital Equipment Corp. PDP+11 series mini-
compubers running the REX-11M/M+ operating system and makes use of
standard EMP data acquisition hardware such as programmable transient
digitizers and network analyzera. Kk similar system is under develop—
ment to run on the VAX serles of computers.

The software design permits concurrent data analysis, data ac
gquisition and data management functlons. Graphles terminals, plot-
ters, manual digitlizing tablets, printers and magnetic tape drives
are supported, as well as a variety of {ixed and removable disk
drives. IEEE-U4BG bus capability 13 a standard feature.

This work was sponsored ln part by the U.S8. Naval Sea Systems
Command under Contract NOQO2Y-84-C-5357.
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EXPERIMENTAL AND THEORETICAL TECHMIQUES
FOR DETERMINING COUPLING THROUGH APERTURES IN CYLIMDERS

Donald W. Hetzger, Ronald #. Sega, John D. Nergard,
and Paul E. Bussey
Department of Electrical Engineering
University of Colorado at Colorado Springs
Colorado Springs, CO 88933-71s50

The problem of the interaction of a plane wave with an
aperture in an infinite cylinder has received much
attention., There are numerous results presented in the
literature for different approaches to this problem. There
ts, however, Tittle presented on coupling of near-field
distributions to this same structure. The motivation of
this work is to develop numerical and experimental
approaches for coupling of either near or far fields
through an aperturs in an electrically lorg cylinder.

Experimental techniques include microwave field probes,
infrared detection of electric fields, and standard voltage
measyrements, The iafrared technigue involves thin
resistive materials placed in the aperture and scattered
regions for Lhe detection of the electric field through
joule heating. Time-varying magnetic field probes are used
to provide additional dynamic range. The voltage on the
axial wire provides & direct indication of couplaed field
strength., Thus, measurements are made of fields scattered
from the structure, field distribuiions in the aperture,
and voltages on the axial wire.

The electric field distribution is calculated in the near
field of a horn antenna. This i chosen to facilitate
comparisan with experiment. The methed of moments cemputer
code NECZ and a code for determining the field patterns
fram a harn, developed as part of this wark, are the bases
of the numerical solution.

Several special cases are considered. Results are
presented first for the far field. An analytical s¢lution
is presented for plane wave coupling and both numerical and
experimental results are presented for far-field patterns.
Comparison of these results is necessary to show agreement
for a simple spatial field distribution. Experimeatal and
numerical results are then presented for near-field
patterns.
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TM TRANSHISSION THROUGH DIELECTRIC FILLED 3L0OTS IN
CONDUCTING CYLINDERS OF ARBITRARY CROSS SECTION

Ercument Axvas
Rochester Institute of Technology
Rochester, NY 14623

Tapan K., Sarkarx
Syracuse University
Syracuse, NY 13210

A simple meoment scolution is given to the problem of
electrxomagnetic tramsmission through a dielectric filled
slot in a conducting cylinder of arbitrary cross section.
Only THM case is considered., The exciting source is assumed
to be either a TM plane wave {receive mode) or an electric
line source placed inside the cylinder (twansmit mode).

The surface ecquivalence principle is used to replace
the conducting and the dielectric cylinders by equivalent
surface currents. A set of coupled integral eguations is
obtained by using appropriate boundary conditions on the
surfaces of the cylinders. The method of moment, with
pulse expansion and point matching techniaques, is used to
solve the integral equaticns for the equivalent surface
currents. These currents radiating in an unbounded medium
are considered to be the sources of the scattered field.

Cylinders of different cross secticns are consideved.
Special attenticn is paid to a circular or rectangular
conducting shell with a slot filled with dielectric
material. In the transmit mode the total far field
transmitted through the slot is computed. For the receive
mode, the aperturxe field and the field at the center of the
cylindex are cormputed. For the case of air dielectric the
computed results are in very good agreement with published
data. For other dielectrics a comparison was not possible.
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NEAR FIELD COUPLING OF ELECTROMAGMNETIC PULSE
TO CABLES FROM CIRCULAR APERTURES

G.X. Deb
Keta Meera Sahebu
#. Suresh Kumar

Electronics and Radar Development Establishment
PO Box No. 5108, High Grounds, Bangalore — 560 001

Abstract

Electronic system designers introduce apertures white designing
subsystems cases, equipment racks, building that house the electronic Syste ms.
Electromagnetic Pulse energy penetrates through these apertures and cauple
to cable loops and eircuits placed inside the equipments.

In this paper an attempt s made to compute the near Held coupling
of Electromagnetic Pulse (EMP) to cable loops from nearby circu lar apertures,
The aperture: i assumed to be in the 250 plane and X directed EMP waveform
is assumed to be present across the aperture. The EMP waveform is sampled
and the Fourier transform is then computed using FFT algorithm, The coupiing
calculations are carried out using plane wave spectrum (PWS) approach at each
of these discrete frequenciess assuming the cable 'Loop® at a distance 'd* from
the aperture and is centrally placed at the point of calculation.

In thiy plane wave spectrum approach the aperture field at a given
frequency is decomposed into a spectrum of plane waves. The plane wave
spectrum is then transferred to a distance 'd" where the cable loop is present.
Using the known plane wave coupling technique, aperture field at each of
the discrete frequencies coupled into the cable is then caloulated. Finally,
the time domain waveform is computed using IDFT algoritha.

The paper also discusses computational considerationz involved in
computing the discrete fourier transfors of the EMP waveform and the plane
wave specirum. In addition, this paper also examines how this methog can
be extended to situstions where more than one aperture is present. The
paper highlights the design of apertures using waveguide below cutoff technigues
to reduce the EMP penetration through apertures to an acceptabie Level.
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WEAR-FIELD COUPLING TG LOADED WIRES BEHIRD SLOTS

R. A. Brown
SRI International
3133 Ravenswood Avenue
Menlo Park, California 94025

€. D. Tayler
Mississippl State University
Department of Elecrtrical Eagineering
Mississippi State, Mississippi 39762

J. M., Hamm
SRI International Regional Office
1900 Randolph Boulevard, S.E.
Albuquerque, Hew Mexico 87i06

A method is presented for calculating an upper bound on the
current induged by the EMP in a wire mounted close behind a slot
in a shield.  The method assumes that the slot and wire act as an
antenna and a load impadance. Measurements demonstrate that the
caleulated upper bounds are less than a factor of two greater than
actual induced currents. Hence, these calculations yield useful,
gonservative upper bounds on coupling.

“Taylor, C. D., "On Bounding the Excitation of Wiring Behind an
sperture in a Shield From Lightning-Induced Fields,” 1984 Inter-
national Aerospace and Ground Conference on Lightning and Static
Electricity; pp. 36—~1 through 36~4 (June 1984).
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THE EFFECTS OF CAVITY FILL AND DIELECTRIC
APERTURES ON MICROWAVE COUPLING®

A, P. Ludwigsen, R. 4. King, XK. S. Kunz
3. T. Pennock and H. G. Hudson

Lawranca Livermore National Laboratory
Livermore, Callfornia 94550

In Lawrence Livermors National Laboratory's ongoing atudy of
slectromagnetic coupling phenomenology, broadband (0.1+18 GHz)
measuremants were made in the EMPEROR Laboratory on various
configurations of & gensric test objsct. This test cbject, known
as PLUTO, is a right olrcular cylinder having a 1011
length/diameter ratlo. It can be configured with variocus ports of
antey and interaal cavity alzes, F1il and wirsea/cablsa. Thils
presentaticn focusas on the affscts of metalle and lossy fill
inside tha cavity, and om loading the port of entry (aperiurs)
with dlelectrics.

In-the axperimenta dealing with metal fill, the effect of placing
various configurations of right circular cylinders in the cavity
were studled. It was generally found that sueh {111 only offers
apureciable ahlslding 1F it tends te block the port of entry.
Otherwlisa, the size and locatlion af the metal F£ill has little
affeqet on the averags coupling to a wirescable.

The affesta of introducing loasy materials at various positiona in
the cavity waas alac measured. Thia lossy 111 ranged from Parrite
materials wrapped around wires to partially fiiling the cavity
with polyfoam microwave absorbsr material. In general, such lossy
material only moderatsly improves the shielding effectiveness
above a few CGHz, and 13 moat effective when the maisrlal blocks
tha aperturs.

Finally, sxperiments were done in which the apertures was loaded
With varlious dlelectrica. These results will be compared with
zoma numerical modeling predictiona,

el TR

Hork performed under the auspices of the U.S. Department of
Energy by the Lawrence Livermora Mational Laboratory uader
contract aumber W-7405-£NG-48, and funded by The Defense MNuglear
Agency, IACRO 88-837. 168



FREQUENCY DEPENDENT MAGNETIC FIELD ATTENUATION BY A
METALLIC CYLINDRICAL CHIMNEY APERTURE

David A. Pearson aad Wen K. Chei
IRT Corporation, San Diego, CA 52121

An analytic model has been developed to evaluate the frequency dependent
attenuation of a magnetic Tield traversing a chimney aperturc.

Kaden(V developed a frequency independent model for evaluating the
attenuation of the magnetic field due to the chimney aperture using a scalar
potential. In this work, a vector potential has besp evaluated from the Helmholw
equation. lis z-component is similar to Kaden's scalar potentizl except the decay
constant, x, 15 dependent upon the frequency of the incoming magnetic [ield which
has an assumed sinusoidal time dependence., The z-component is given by

A, = Comst - J {@o) 8"/; K:sinszﬁ cosyt (1)
where
g = vITg K . (2}
The normal componeat of the H-field is obrained from
wA=H. (3)
Applying the boundary condition H_ = 0 at o= r, gives
g - in ’ 4

T

where Ry are the zeros of the Bessel function of erder | and ry is the radius of
the chimney.

Substituting (4) into (2) and solving for o we have as the damping function
gz0)
ZZTfI‘O 2 1/2

? z
glz;f) = exp[-(R - (ol ) ;;] (s
provided
cRn
4
f < Tt (6}
Q

Equation {5} predicts both the expected high and low frequency limits and in
addition predicts a greater attenuation than does Kaden's resules.

The reason the greater attenuation occurs is due to the manner in which the
H-fields were derived,

Because Kaden assumes the H-field is determined by a scalar potential the
boundary cosditions require that the Bessel function’s derivative vanish at the
boundary instead of the Bessel function itself. The zeros of the derivative are
always less than the zeros of the functien thus resulting in the difference in
attenuation.

1% aden, Heinrich, Wirkelstrme und Schirmung ian der Nuchrichtentechnik,
Springer-Verlang, 19359
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SCATTERING FROM AN OPEN SPHERICAL SHELL HAVING A
CIRCULAR APERTURE AND ENCLOSING A METALLIC OR
DIELECTHIC SPHERE*

Richard W, Ziotkowsti ang Diane M. Peplinski
Lawrance Livermors National Laboratory
Eilectronics Engineering Dapartment
P.0. Box 5504, L-156 Livermora, CA 94550

Lowis F. Lidelo
Harry Diamond Laboratories
2800 Power Hill Road
Adelphl, 9 20783

Cenonical eleotromagnetic scatiering problems are important from
several points of view. They provide basic understanding of
soattering processes which oan be extrapolated o more general
geometries. Moreaver. they provide fundamental benchmarks for general
purposs  soattering  oodes.,  Howsver, there are  few  fully
three-dimensional scattering problems for =hich solutions have been
foundd, especlally wien the soattering body includes an eperiure.

The solution to the scattering of a normally incident plane wave
from a perfectly condunting spherical shell baving a circular aperiure
has been obtained by Ziolkowski and Johnson [supmitted to J. tath.
Phys., July, 1885). It is based upon an sssentlally analytic selution
of the coupled dual series eguations for the TE and TH modal
soefficients arising from the onforcement of the eleciromagnetic
boungary conditions over the aperture and the shell. That solution has
baen extendad o the cases shere the open spherical shell encloses a2
congentrie, perfectly conducting metiallic sphere or a congentric
homogenaous, lossless dislectric sphere [Ziolkosski, Peplinski, and
Libelo, URSI Heeting, Boulder, CO, Jan. 19831

The nermel incidence cases of these sxtensions have been studied
extensively in regerds to EMP ooupling issues. The results of this
investigation sill be presemted im this papsr. In perticular, the
soattering end ooupling date [oross-sections (total, forwerd and
back). the apergy density ratio at the origin. end the energy stored in
the open shell as funotions of ka (29 x shell radius / wavelength)] are
dominated by resonance featurss that depend upon the characteristics
of the interior sphere. It has been established that these rasonance
features are common to all of tha cavity-backed aperture gecmetries
that have bzen studied to date. It will be shown how the locations of
the resonance features change as the radius and/or the dielectric
oonstant of the interior sphere and the aperture size change, The
results are clesely ralated to the resonant mode behavior of the
corrasponding closead spherical ocavity oases. The effect of these
resonance features on time domein data will also be discussed.

« This work was performed in part by the Lasrence Livermore Maticnal
Laboratory under the auspices of the U.S. Depariment of Energy under
contract #-T405-ENG-48 and by Harry Diamond Laboratories.
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NUMERYCAL SIMILATION OF NON-LINEAR COUPLING OF
IRTEESE HMICROWAVE PULSE THEROUCH APERTURESH
D. J. Mayhall, 3. L. Ray, J. H. Yee,

K. K. Hadsen, and k. W. Ziolkowskl
Lawrence Livermore Natlional Laboratory
P.0. Box 5504, L-156
Livermorse, California 94550

The slectromagnetic phenomena induced near an aperture by 2 lod energy
microwave pulse (the amplitude of the electric fisld below the threshold
for air breakdown) can be adequately treated by the linear coupling
theory based on Maxwell's squations, However, if the intensity of the
microwave pulse causes the enhanced fleld in the aperture to exceed the
air breakdowsn threshold, the linaar coupling theory (s no longer
adequate and Maxwell's equations alone are pot sufflcient to descride
the physics correctly. The electron transport egquations descriding the
interaotion of electrons with the electromagnetioc flald and the air
molacyles must be solved simultanecusly with Maxwell's equations to
describe the ifonizatlion process correctly. These transport equations
can either be the Boltzmsnn eguation or the electron fluid equations of
contimiity, momentum conservation and ensrgy congervation,

The purpose of this paper is Lo prezsnt some results of our recent
numerical investigations of air breakdown near the aperture of some two
dimensicnal waveguide lrlses obtained from solving Mazweil’s and the
electron fluld equations, Two approaches were used in our Investliga-
tions. One is basad on & Pinite difference technique; the other on
finite element techniques. Computer results showing how the electron
density and the Field components vary near the aperture during the air
preaskdown process will be presented, The effect of air presawrs on the
amount of energy transmitted through the aperture will also be given.

R P s MR

Work performaed under the auspices of the U.5. Department of
Energy by the Lawrence Livermore Hationazl lLaboratery under

esntract nyEber K-7405-ENG-48, and funded by The Defense Huclear

Agemey, lACRO 86-837.
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TRW has o funcfional organization of opproximately
300 peopls dedicaled to survivability. If's principle
facilitias are the Hardness and Survivabiitty Laboratery
Redendo Bsach,California and the Albuguergue Engineering
Office, New Mexico. Field offices are maintained in
Washington, DC, Odgen, Utah, and San Antenio, Texos.
Existing programs rongs from phenomenclogy and technology
developmant to hardened design and testing. The expertise
of the staff covers all weapons effects:

o Electromagnetic (EMP/SGEMP/SREMP}
Radiation (Thermal/Mechanical/TREE)
Aimespheric Dynamics (Shock, Dust, Rain, Haif)

<

o]

[0}

Seismic {Ground Motion, Over Pressure, Sheck}

Q

Diracted Energy

Wa are inferasted in discussing career opporiunities

with professionals in any of the above disciplines.
Please send inguirss fo:

K.D. Wolff

Menager, Human Relations

TRW Dafense Systems Group
Building 134/Room 10084

One Spuce Park

Redonde Beach, Catifornic 90278

Equat Opportunby Employer  U.S. Citizenship Required




A Builder of Fuli-System
EMP Simulators
and Quality Instrumentation

Complete Test Facility Design and Integration

Complete Data Acguisition System Design and
Integration

Compiete Line of Sensors and Probes (Field,
Current Density, Current)

Wideband Fiber Optic Data Links

Signa! Conditioners (Baluns, Integrators, Atten-
vators, Cable Compensators, Ampiifiers,
Active Signat Dividers)

Threshold Detectors, Peak Signat Recorders

Programmable Trigger Units for Transsent
Recording Systems

Inductive Current Drivers

Automated Damped-Sine Direct~Drive Generator
Sysigms

THE MOBILE EMP SIMULATOR (MEMPS)

¢ﬁ§ EGxE

WASHINGTON ANALYTICAL SERVICES CENTER, INC.
2450 ALAMO AVENUE SE

ALBUQUERQUE, NEW MEXICO 87106

Phone (505)243-2233

TWX 910-989-18684

Cal or write for a free copy of our comprehensive catalog of products







EMP, SGEMP, ESD, AND Lightning
Hardening Consultenis

AS-BUILT HARDNESS ASSESSMENT
Missiles
Aircroft
C3l Equipment
Subsystems

EMP, TEMPEST, EMI, Shield Design
Support for A & E Firms

Independent Testing Labs
MIL-STD-220
MIL-STD-285
MIL-STD-461 & 462, eic.

EMPLOYMENT OPPORTUNITIES AVAILABLE
Albuquerque, New Mexico

Colorado Springs, Colorado

Denver, Colorado

Huntsville, Alabama

CONTACT: D.E. Merewether
P.O. Box B482

Albuquerque, New Mexico 87198
(505) 265-3538




Division f MA, Inc.

¥r 150 dB Shielded Doors - Patent Pending

¥t No-Mdaintenance Welded Shield Enclosures

* Components
e Turn-Key installations

¥ Shielded Vans, Trailers, and Equipment Racks

CONTACT: T. Ann Merewether
P.O. Box 8482
Albuquerque, New Mexico 87198
(505) 265-3538




Mission Research Corporation performs superior
guality contract research for the DoD. Most of our
300+ technical people hold advanced degrees. We
seek exceptionally talented and motivated EE's who
thrive in a productive applied research environment.
Opportunities are available at all experience levels
for those with backgrounds in:

ELECTROMAGNETICS
DIGITAL COMMUNICATIONS AND SIGNAL PROCESSING
ELECTRONICS

MRC enjoys a national reputation for analytic and
computer simulation work in many areas:
ELECTROMAGNETIC PULSE AND RADIATION EFFECTS
ELECTROMAGNETIC SCATTERING AND PROPAGATION
RADAR, ECM AND ECCM

DIGITAL COMMUNICATIONS

HIGH POWER MICROWAVES

INFRARED AND ELECTRO-OPTICS

Owned and operated by working engineers and
scientists, the company has enjoyed steady growth
since its inception in 1970. You can share our
future by sending your resume to:

Mission Research Corporation
Atin: Linda McCormick
1720 Randolph Road, SE
Albguguerque, NM 87106

Eqgual Opportunity Employer M/F. US Citizenship
Required.

NMRC

mission research corporation




LuTech, Inc.

3742 Mt Diablo Boulevard
Lafayette, CA 94549
{415) 283-6294
Telex: 382820 US STANDLAB CA

EMP  «LIGHTNING <EMC

Specializing in the

Testing

ASSURANCE

for

«Systems e¢Components



EMP Hardness Assuredness and Hardness

Maintenance Testing

Go/MNo-Go Degradation Pin Driver
Verifies EMP protection within pre-selected limits
Detects protection device degradation

Fast Rise Time
Positive and negative exponential waveform (5 NS)
Variable voltage output to 2,000 volts

Slow Rise Time
Positive and negative trapezoidal waveform (5uSecs.)
Vartable voltage output to 275 voits

Test Clamping Levels of MOV's, Zeners, Gas Tubes, Pi Filter
Networks, and combinations of protection devices

JOSIYN .own

Defense Systems, inc Shelbutne, Yermont 05482

L]

Visit our Hospitality Suite at the Hilton

Contact Marketing Manager 802-985-8621




Work of the highest quality
and continung value to clients.

BOOZ -ALLEN & HAMILTON INC.

INTERNATIONAL MANAGEMENT & TECHNOLOGY CONSULTANTS

2305 Renard Place, SE. Albuquerque, NM 87106




CSC

COMPUTER SCIENCES CORPORATION
SYSTEMS DIVISION

Western Technology Center

ct Survivability Operation

NUCLEAR /SD! S/V
EMP EFFECTS

C3 NETWORKS
COMPUTER MODELING

® & & &

2100 Air Park Rd, %E - Suite 200
Albuquerque, NM 387106
{505) 242- 3133

Space & Atmospheric Defense
Support Operation
® C3ISYSTEMS ARCHITECTURE

@ H/W B S/W ENGINEERING,
INSTALLATION & TESTING

@ ACQUISITION SUPPORT

985 Space Center Dr
Colorade Springs, Co 80915
[303) 596-7500




GENERAL
RESEARCH CORPORATION

ADVANCED TECHNOLOGIES DIVISION

OFFERING CAPABILITIES AND EXPERIENCE IN:

ANALYSIS, EVALUATION AND TEST PLANNING
« EMP / EMC / EMI

¢ SGEMP

¢ MECHANICAL AND MATERIALS EFFECTS

ELECTROMAGNETIC INTERACTION AND SCATTERING
ASSESSMENT METHODOLOGIES

UNIQUE SENSOR AND INSTRUMENTATION DEVELOPMENT
DATA ANALYSIS AND SIGNAL PROCESSING

THREAT SIMULATORS
s EMP

o X-RAY

« E-BEAM

UNDERGROUND FIELD TESTING

LOCATIONS IN:

SANTA BARBARA ALBUQUERQUE
LOS ANGELES HUNTSVILLE
COLORADC SPRINGS WASHINGTON, D.C.

FOR MORE INFORMATION CONTACT:

DR. ROBERY L. HOUGHTOR
or
OR. MICHAEL L. VanBLARICUM
BO5-984-7724

EMPLOYMENT OPPORTUNITIES NOW AVAILABLE




Give'u

& of iewer and more o
' ext. 523, if you have: any

- sophisticated threats.:

IRT brings over 20 years of 7 these survivability requlrem is:
“analytical and experimental ® Blectromagrietic. . .
.. hardening experience to help - - (EMP, EMIEMC, TEMPES
- make your system survivable. ® Radiation 4 Laser

C Bverv - a Microwave & Chernical!Biological
E;g.:y f,): as;ar'Jf ;:e g:;?é?‘mw u Penetration @ Shock!Vibration
o dés;grr)) tgosurvz; i!gnce andl ever = Newtral and Charged Particle Beams
.. training — can be haridled by IRT [ 7 IRTCorporation

- using both laboratory and taeld 1 3049 Callan Road

S d { PO.Bo
test fam!st:es # San D|ego CA 90138




ELECTROMAGNETIC
5L SCIENCES
* LABORATORY

L)

Electromagnetic wave propagation and scattering
& Elecirostatics and lightning
¢ Electromagnetic puise (EMP) research

e Microwave systems. inctuding conventional radars,
synihelic aperture radars, and radiometers

k-]

RF breakdown in gases and multipacting

&

Plasmas and plasma diagnostics

&

Reentry physics

Radio and optical occanography

& Ocean-wave diagnostic lechrigues

e (Geomagnetics and related phenomena
¢ Signal processing and analysis

& Optical and laser systems

& Compuler simulation and modeling in the above ficids.

MAIN OFFICE ALBUQUERQUE REGIONAL OFFICE
SRI International SRI International

333 Ravenswood Ave. 1900 Randoiph Ave., S.E.
Menlo Park, CTA 9402% Albuquerque, NM 87106
ATTN: J. Roseman ATTN: D. lorio

{4153859-4477 {505) 842-0961



16 YEARS OF LEADERSHIP IN EMP, SGEMP, AND
ALL ASPECTS OF NUCLEAR HARDENING

EMP FPHENOMENOLOGY
DESIGN SUPPORT
HARDNESS VERIFICATION AND TEST
HARDNESS MAINTENACE/SURVEILLANCE/ASSURANCE
SYSTEMS EVALUATION

CAREER OPPORTUNITIES IN R&D, DESIGN, AND
LEADING EDGE TECHNOLOGY

FOR INFORMATION CALL: WILLIAM ADAMS (703} 448-8572
1710 GOODRIDGE DRIVE, McLEAN, VA 22102



wur
Frere
Space Park
22,000 persen
High Tachnalogy
fesearch & Development

Canter
sl gy i % &

A
Albuquergue

Diracted Ensrgy
Space Platforms

EMp T&E

HU/HS

The DoD community in the Albuquergus
arec s making good use of TRW engineers
and scieniisis for a long list of vital
pregrams.

Cur Space & Technology Group is making
significant advonces in oll aspects of
directed--energy ond space-based, kinetic
enargy weapens as well os defining
technology concepts related to  BSTS,
SSTS, MILSTAR, FLTSTCOM, and other new-—
generciion spacecrafi systems.

Our Defense Systems Group's

Albuquerque Engineering Office specializes
in systems survivebility for

o wide varlely of threots — nuclear,
directad—energy, kinefic energy, securily
and C*CM.  Our foca! team is o leader

in T&E, and has besn responsibls for
twelve mojor system EMP fesis in the
past saven ysars. We are the prime
controctor for the AFWL's EMP Test

Space & Tachnofogy

Systarns Integration
Defense Systems Group

Systam Hordening

T (7]
Washington

2,630 person
System Engineering
& Davelopment Cenfer
Commend Syxlams

2]

ASW

Aireraft (EMPTAC) Progrem devsioping
new fachnoiogy for aircraft hardening
and hardness maintenance. We ars

also a leader in the emerging fisld

of logistics support for hordensd syslem—
HM/HS. Finally, we are supporting

C3CM Concept Development and T&E,

and design of largs security systems

All these copobilities cen be fopped
right in Albuguerque. Just coll:

Space & Technology Group,
Bill Faulds, District Manoger,
505-B42-1470

Defense Systems Group,
Woody Dyche, Manager,
505-242-8980

Tomerrow is ioking shope
ai o company called TRW.




On land ... on the sea ... in the air and
deep space, Rockwell's experience,
ensures cost effective, long term EMP
protection at the system level.

Using the systems approach, Rockwell
International Corporation has conducted
programs in all phases of nucleat effects
studies and survivability analyses ...
culminating in the design and fabrication
of hardened systems with proven
protection against EMP.

For more information contact:
Marketing Manager

Autonetics Strategic Systems Division
Defense Electronics Operations

3370 Miraloma Avenue

Anaheim, CA 92803

Telephone: (714} 762-4440

Rockwell
International

..where science getsdown o business






KAMAN SCIENCES CORPORATION
DIKEWOQOD Division

Electrical Engineers and Physicists

Specializing in

Applied EM

£M Interaction

EMP Environments

EM Systems Effects

System Hardening

System Hardness Verification
Experiments and Validation Support
Microwave Vulnerability and Lethality

Work for the DoD and other agencies
includes field tests and innovative ana~
Iytical methods designed to advance the
application of applied science and high
technology. Over 25 years of
commitment to excelience.

KAMAN

1613 University Blvd., NE
Albuquerque, NM 87102

2800 — 28th Street, Suite 370
Santa Monica, CA 90405

CAREER OPPORTUNITIES
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