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HELCOME
10
Al BUQUERQUE

On behalf of the IFEE Antennas and Propagation Society, the Y. S. National
Committee of the Inteérnational Union of Radio Science, and the Permanent
REM Committee, I would like to welcome all of the conference participants
to the University of New MHexico for what is expected to be an outstanding
conference,

I would Vike to thank the University of Wew Mexice for being a very capable
ard gracious host. Special thanks and recognition is also due to the con-
ference committee which was divided into several major parts. Besides the
arrangements committee there were three technical comnittees, one for each
of the sponsoring groups. The Albuquerque Convention and ¥isitors Bureau

provided considerable assistance with the housing as well as other matters.

There is plenty for everyone to do at this conference. There are roughly
500 papers te choose among; there is a very interesting plenary session on
Wednesday movning; there are husiness meetings of various groups and various
social events and tours. OFf course there is also the banguet Wednesday
evening. Consult your program and watch the registration area for bulletins.

I wish all of you a most productive conference and one that you witl wish
to remember in future years.

Br. Carl £. Baum
Confevence Chairman



SYMPOSTUM COMMITTEES

CHATRMAN
C.E. Baum
ARRANGEMENTS COMMITVEC HEM
K.5. Kunz, Chairman K.C. Chen, Co-Chairman
D.E. Merewether, Vice Chairman L.D. Scott, Co~Chairman
H.J. Wagnon, Treasurer M.D. Bradshaw K.S.H, Lee
L.W. Chen, Publicity R, Carlile L.F. Libelo
f.W. Shoup, Publications/Publicity J.P. Castillo J.V. Locasso
J. Wagner, Publications K. Enkenhaus C.i. Longmire
A. Agrawe}, Publications T.M. Flanagan L. Marin
R. Gardner, Tours P. Fleming D.E. Merewether
$.H. Gurbaxani, Facilities J. Gilbert M.E. Morris
G. Sower, Institutioral Facilities 0.V, Gird R.L. Parker
T. ¥ohlman, Local Affairs D.F. Higgins W.E. Page
e - ; . W.J. Karzas i.D. Smith
Reg1gt{?t1on Committee; w S Rehrar C.D. Taylor
p. Baca A, Merewether ¥'5 Hunz E.F. Vance
M. Carroil E. Merewether A s
®. Fisher M. Scaies

H.A, Goodwin V. Wolf
p. tedlund

TECHNECAL PROGRAM COMMITTEES:
GENERAL COORDIRATICH

C.E. Baum
.. Jones

SPONSORS ¢

HOST:

Institute of Electrical and Electronic Engineers--fntennas and
Srapagation Seciety

.5, Mational Committee of the International Union of Radio
Science (USNE/URSI)--

Commission B; Field and Haves

Commission F; Interference Environment

Commission F: MWave Phenomena in Non-lonized Media

Permanent MEM Committee--
In copperation with the fellowing government agencies:

Harry Diamond Laboratories
Haval Surface Weapons Center
Nir Force Weapons Laboratory
Defense Nuclear Agency

and in copperation with
The Electromagnetics Society

The University of New Mexico



PLENARY SESSION
WEDNESDAY 8:30-12:00
STUBENT UNION BALLROGM

Chairman: K. S. Kunz
Kunz Associates, Inc.
Albuguerque, K¥

1. The Maypole (Hoop/Column} Antenna Development Program
T.6. Campbell and D.H. Butler, Langley Research Center,
Langley, VA

2. Pulsed Power Technology at Sandia National Laboratories

G. Yonas, Sandia National Laboratories, Albuguerque, NM

3. The Nuclear flectromagnetic Pulse Program: Evolution
and Impact on Technology
J.P. Castilia, Air Force Weapons Laboratory, Kirtland AFB, N

4, Air Force High Energy Laser Program
J.D. Bitlow, Air Force Weapons Laboratory, Kirtland AFE, NM

ER Recent Observations with the VLA Radig Telescope
R.A. Perley, Nattonal Radio Astronomy Observatory, Socovro, HM

Page



SESSION MEM-1 CABLE AND EHCLOSURE SHIELDING
MONDAY 8:30-11.40
EDUCATION CENTER, Room 104

Chairman: W. S. Kehrer
Air Force Weapons Laboratory
Kirtiand AFB, #M

Page
1. Electromagnetic Coupling Through Cable Shields g
P.N. Setty and J.E, Tigner, Science Applications, Inc.,
Mclean, VA

2. A Simple Theory for Understanding the Magnetic Field Attenuation 10
of Enclosures
P.J. Madle, TAW, Inc., Redondo Beach, CA, and L.0. Hoeft, The
BDM Corporation., Albuquerque, NM

3. Measurement of the Magnetic Field Reduction Provided by Generic 11
Equipment Cases and Enclosures
L.0. Heeft, R.d. Karaskiewicz, J.5. Hofstra, and T.J. Andrews,
The BDM Corporation, Albugquerque, N

4. Theoretical and Experimental Transfer Impedance of Concentric 12
Layers of Coaxial Shielding
M.A. Dirallo, The BOM Corperation, Albugueraus, NM

5. Measured Transfer Impedance of Braid and Convoluted Shields 13
J.5, Hofstra, M.A., Dinalio, and L.0. Hoeft, The BDM Corporation,
Albuquergue, NM

6. Transfer Impedance for One and Two Layer Shielding Tosologies 14
with Backshells
L.0, Hoeft, J.5. Hofstra, and M.A. Dinallo, The BDM Corporation,
Albuquerque, NM

7. Shielding Effectiveness of Typical Cables from 1 MHz to 1000 MHz, 15
M.A. Dinallo, L.0. Hoeft, and J.5. Hofstra, The BOM Corporation,
Albuguergue, HM

8. Standard EMP Test Technigues for Cables, Connectors and 16
Containers
H. Price, Mission Research Cerporation, Albuquergue, KM,
5.0, Sower, EGEG WASC, Albuguerque, NM, and E.F. Vance, SRI,
Austin, TX



SESSTON NEM-2 EMP HARDNESS ASSESSMENT
MONDAY 8:30.32:00
KIVA AUDITORIUM

Chairman: C. Ashley
Adr Force Weapons Laboratory
Kirttand AFB, M

1. Survey of EMP Assessment Ubncevtainties
J.I. Lubell and D,R. Stevens, Mission Research Corporation,
Cotorade Springs, €0

Z. Assessment and Propagation of Uncertainties in System F#P
Risk Assessment
R.M. Mensing, Lawrence Livermore National Laboratovy,
Livermore, CA

3. A Fast Procedure for the Exact Computation of EMP and Other
Environmental Effects on Complex Probabilistic Systems
G.C. Corynen, lawrence Livermore National Laboratoery,
Livermore, CA

4, Reliabitity-Confidence Failure Analysis of Systems
R.M. Bevensee, lawrence Livermore National Laboratory,
Livermore, CA

5. A Canonical Study of EMP Vulnerability
JUF. Prewitt, Mission Research Corporation, Albuquerque, NM

6. Concepts for Fleet Assesswment of EMP Hardness
L.0. Scott, J.F. Prewitt, M,J, Price, and J.W. Wiliiams,
Missioh Research Corporation, Albugquerque, NM

7. Farmal Technical Inferences About System Level EMP Hardness--
Controversy and Lonfusion
L. West, AVCO Systams Division, Wilmington, MA

8. Protocol for EMP Survivability Statements for £F Facilities
J.F. MWagner and R.M. Mason, Jv., Beoz-Allen & Hamilton, Inc.,
Albuquerque, NM

9. Examination of Protocet Structuve Through Existing EMP Assess-
ment bata
J.F. Wagner and R.M. Mason, Jr., Booz-Allen & Hamilton, Inc.,
Albuguergue, HNM
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SESSTON URSI-E-1/NEM 3 LIGHTNING
MONDAY 8:30-10:10
EDUCATION CEMTER, Room 204

Chairman: €. Moore
New Mexice Imstitute of Technology
Socorro, NM

Page

1.  Scale Model and Full Scale Missile Lightning Testing 26
G. Banshor, Martin Marietta

2. AEHP for Advanced Afrcraft 27
2. Beavin, AFWAL (FIEA/FIESL), Wright Patterson, AFB, CH

3, Aircraft Lightning Strike Characteristics 28
D.W. Chifford, McDonnell Afrcraft (ompany, St. Louis, MO

4,  Shock Excitation Lightning Tests of Full Scate Aircraft 29
kK, Zeisel, Mcbonnell Adrcraft Company, St. Louis, MO

5. Full-Level Lightming Aircraft System Hardening (FLLASH) for 30

Advanced Composite Platforms

J.A. Birken, Naval Air Systems Command, Washington, BC, and
R.F. Wailenberg and D.T. Auckland, Syracuse Research Corpora-
tion, Syracuse, NY



SESSION NEM-4 MULTI-CONDUCTOR CABLE RESPONSES
MONDAY 1:30-5:00
EDUCATION CENTER, Room 104

Chairman: A. Agrawal

oo

The Dikewood Corporation
Albuguerque, NM

Experimental Characterization of Wire Induced Currents from
Bulk Current Measurements
B.R. Rael, TRW, inc., Albuquergue, NM

Theorelical and Dxperimental Response Analysis of Pershing TI1
Missile System Cables fo an £MP Environment

R, P. Manriquez and R.F. Gray, Harry Diemond Laboratortes,
Adelphi, MD

Current Distribution in Shielded Multiconductor Cables
R.L. Hutchins, L.0. Hoeft, and J.5. Hofstra, The BDM Corpora-
tion, Albuquerque, NH

The Coupling of Electromagnetic Fields to Multiconductor Cables
J.E. Tigner and D.F. Frederick, Science Applications, Inc.,
Melean, VA

A Parametric Study of the Relationshipg of Individual Wire Short-
Circuit Curvents to Cable Bundie Current in Multiconducior Cables
R.E. Strayer, Jr., and M.J. Tostanoski, Mission Research Corpora-
tion, Colorade Springs, C0

Cable Current Bounding in Aircratt EMP Tests
L.D. Scott and H.J. Price, Mission Research Lorporation,
Abuquergue, NM

Bounds on Currents at Terminations of a Multiconductor Trans-
mission Line Excited bv an External Field

A K. Agrawal, The Dikewcod Corporation, Albuguerque, WM,

and C.E. Baum, Air Force Weapons lLaboratory, wivtiana AME, NM

Solution of Transient Multiconductor Transmission Line Problems
by the Use of Diakoptics
M.00. Bradshaw, Unjversity of New Mexico, Albuguerqgue, kM

Diakgptic Techniques Applied to Branched Cable Modeling

Page
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36

E.E. Bardwell and J.B. Miller, The B8OM Corporation, Albuguerque, NM



SESSION MEM-5 FAILURE THRESHOLDS: TESTING AND ANALYSIS
MOWDAY 1:30-5;00
KIVA AUDITORIUM

Chairman: K. R. Enkenhus
Naval Surface Weapons Center
Silver Springs, MD

1. Simplified EMP Systems Analysis Using a Probabilistic Circuit 40
Anaiysis Code
R.N. Ranpdal? and D.C. Wunsch, The BOM Corporation, Albuqueruge, MM

2. Establishing Minimum Burncut Thresholds 41
J.I. Lubell, Mission Research Corporation, Cotorado Springs, CO

3. Using Limited Sampie EMP Damage Threshold Test Data 42
T.d. Zwolinski, The BDM Corporation, Albuquergue, NM

4. Jetermination of Failure Distribution Parameters for EMP Circuit 43
Anatysis

E.W. Entow and D.C. Wunsch, Tha BDM Corporation, Albuguerque, NM

5. EOS/ESD Failure Threshold Analysis Ervers, Their Source, Size, 44
and Control
E.L. Horgan, 0.E. Adams, W.H. Rowan, and L.C. Templar, TR
Defense and Space Systems Group, Redendo Beach, CA

6. A Highly Efficient Conducted Susceptibility Test Procedyre 45
E.P. Chivington and P.J. Miller, TRW, Inc., Albuquergue, MM

7. Maveform Conversion Techniques for FMP-Induced Pin Signals 46
R.E. Thomas and W. Bereuter, Xaman Sciences Corporation,
Colorado Springs, CO

8.  Modeling Buried Circuit Coupling with Three Wire Transmission 47
Line Theory
L.C. Templar and K.F. Ngin, TRW Defense and Space Systems Group,
Redondo Beach, CA

8. Failure Analysis of Semfconductor Devices in EQS/ESD Testing 48
E.L. Horgan and T.S. Lin, TRW Defense and Space Systems Group,
Redondo Beach, CA



SESSION NEM-6 NUMERICAL TECHKIQUES
TUESDAY &:30-12:20
EDUCATION CENTER, Room 1064

Chairman; R, Dats

o

=

10.

Atomic Weapons Reseavrch Establishment
Mdermaston, UX

Fage

(el

A Comparison of the Computer Resource Reguirements and Perfor- 4
mance of Several Finife Difference Problem Space Boundary

Conditions

R. Fisier and D.E. Merewether, Electro Magnetic Applications,

Inc,, Albuguerque, NM

Modeling the ¥-Ray Deposition Regqion by Humerical Integration of 50
the Boltzmann Fquation
W.R. Zimmerman, fleciro Magnetic Applications, Inc., Albuquerque, NM

Hetwork Analog Soltution of Maxwell's Equations in Conductive Media 51
£.B. Mann, The BDM Corporation, Albuguerque, MM

Application of Medel Urder Reduclion Techniques to Non-Linear 52
Hetworks

5.D. Frese, The BDM Corporation, Albuquerque, MM

A Fintte Difference Approach to Aperture Modelling in E£lectromag- 53
netic Coupling fndes

M. Glaubensklee, The BDM Corporation, Albuquergue, NM

Simple Fourier Integral Transforms 54

H.J. Wagnon, The BOM Corporation, Albuguergue, MM

Stable Finite Difference Solutions for Electromagnetic Scattering 5%
Problems by Filtering the Radiation Boundary in the Time Domain
Maxwell Equations, 5.R. Rogers and T.H. Rudolph, flectro Magnetic
Applications, Inc., Denver, CO

Numerical Modeling of a Primitive Siege Simuiator 56
E.K. Miller, H.5. Cabayan, G.J. Burke, and W.A. Johnson, Lawrence
Livermore National Laboratory, Livermore, CA

Electromagnetic $ignel Processing: A Transient Identification b7
Problem, J.V¥. Candy and J.E. Zicker, Lawrence Livermore National
Laboratory, Livermore, CA

Three-Dimensional Computer Modeling of Electromagnetic Fields: 58
A Giobai Lookback Lattice Truncation Scheme

R.M. ZioTkowski, N.K. Madsen, and R.C. Carpenter, Lawrence

Livermore Natfonat Lahoratory, Livermore, OA



SESSION HEM-7 SQURCE REGION INTERACTION
TUESDAY 8:30-12:20
KIVA AUDITORIUM

Chairman: L. F. Libelo
Harry Diamond Laboratories
Adelphi, MB

1. phased Gamna Radiation-Driven Coaxial Cable Response
C.M. Wiggins, The BOM Corporation, Albuguerque, KM

2. Radiation Response of Cabies with Residual Adr-Filled Gaps
0.L. Shaeffer, £.B. Mann, and F.W. Smith, The BOM Corporation,
Albuguerque, MM

3. SREMP Respense of Cable-Like Structures
M. Bushell, R. Gray, #. Manriquez, G. Merkel, and W.D. Scharf,
Harry Diamond Laboratories, Adelphi, MD

4, Cffect af Transient Resistivity Characteristics of Metallic
Conductors on SREMP Coupling to Underground Cables
T.M. Rynne, TRW, Inc., Redendo Beach, CA

Gt

SHEMP Coupiing to Buried Cables--A Linear Modeling Approach
D.R. Bernotski and F.L. Lenning, The Boeing Company, Seattie, WA

6. calculation of the Scattering of a Photon Pulse Incident on a
Missile and the Hesultant Cable Response
§. A, Dupree, D.L. Shaeffer, and E.B. Mann, The BOM Corporation,
Albuguerque, WM

rdrawn

2. Source-Region EMP Penetration Through Apertures

F.€. Yang, The Dikewood Corporation, Santa Monica, CA
4. fffect of Corona on EMP Induced Wire Current

C.OT.C. MO and G.D. Wilensky, R and b Associates, Marina del Rey, CA
10, Mumerical and Analytic Selutions for Radiation Induced Dietectric

Conductivity
B.l. Shaeffer, The BDM Corporation, Albuquergue, NM, and
J.M. Sfegel, Project Management Corporation, Dak Ridge, TH

i-10
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62
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SESSION URSI-E-3/NEM-8 LIGHTHING 1
TUESDAY 8;30-11:00
EDLUCATION CENTER, Room Z04

Chairman: K. Zeize}
McDonnell Aircraft Company
5t. Louis, MO

1. The Discharge Current in the"Lightning Return Stroke
R.L. Gardner, Missicn Research Corporation, Albuquergue, NM

2. Electromagnetic Putse Emitted by Lightning
J. Hamelin and £. Leteinturier, Mational Reseavch Center of
Telecommunications, Lannion, France

3. Lightning Activity Characteristics from VHF Space-Time Mapping
W.L. Taylor, Mational Severe Storms Laboratory, Norman, OF

4. Airborne Measurements of Lighining-Iinduced Currents
J. Manowitz, SRI International, Menlic Park, CA

5. Interpretation of In Flight Lightring Data
R.A. Perala and T.H. Rudolph, Eleciro Magnetic Applications,
Inc., Denver, CO

5. Laboratery Model of Afrcraft-Lightning Interaction and Cemparisan
with In-Flight Lightning Strike Data
C.0. Turner and T.F. Trost, Texas Tech tniversity, Lubbock, TX

fage
69
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71
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SESSJON NEM-9 SOURCE REGION ANALYSIS
TUESDAY 1:30-2:50
EDUCATION CENTER, Room 104

Chairman: Madame F. Amaurdfc du Chaffaut

~a

CEA
Faris, France

Improvements in the Analytical Treatment of Source Region EMP
E. Kalasky and W.E. Crevier, Mission Research Corporation,
Santa Barbara, CA

Current Research in HAEMP Environment Pradiction: Round-1 Code
W.T. Wyatt, dr., Harry Diamond Laboratories, Adeiphi, MD

An Introduction to EMP Calculations Using a Nenequilibrium
Flectron Distribution Function
R.N. Carlile, University of Arizona, Tucson, AZ

Radiation Sources for Late-Time High-Altitude EMP

W.E. Page, Air Force Weapons Laboratory, Kirtland AFB, KM, and
0.A. Rieb, The Dikewood Corporation, Albuguerque, HM

i-12
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SESSION NEM-10 SYSTEM LEVEL TESTING
TUESDAY 3:20-5:20
EDUCATION CENTER, Room 104

Chairman: L. Marin

The Dikewood Corporation
Santa Monica, CA

A Approach for Electromagnetic Valiadation Testing of Large
facitities
O.L. Endsley, EG&G WASC, Inc., Albuquerque, HM

Toward an Increased Understanding of Aircraft External Responses
in Simulator Fialds
F.d. Sterk and W.J. Motil, TRW, Inc., Albuquerque, HM

A Methodology for the Use of Threshold Detectors in System Level
Testing and Assessment
J.J. Podlesny, TRM, Inc., ATbuguergue, NM

Direct Drive EMP Testing of Aeranautical Subsystems

R.J. Karaskiewicz and B.C. Wunsch, The BDM Corporation,
Albuguerque, NM, and R. Hays, Air Force Weapons Laboratory,
Kirtltand AFB, WM

High Current Pulse Cable Testing System "CAT-10 ¢,
B. Brandli, W. Jenni, and J. Bertuchoz, NC Laboratory Spiez,
Spiez, Switzerland

Cable Current Injection Tests of a Magnetic Tape Unit
I.G. Halliday and A.G. Montgomery, MITRE Carporation, Bedford, MA

Bt

33

84



SESSION NEM-11

TUESDAY 1:30-4:40
KIVA AUDITORIUM

Chairman: €. Giles

£

EG&G, Inc.
Albuquerque, NM

Time Domain Instrumentaticn Ffor EMP Measurements
J.R. Pressiey, EG&G WASC, Inc., Albuguergue, NM

A New Generation of Small Current Probes for EMP Testing
S. Cave and G.D. Kahn, EG&G WASC, Inc., Albuguerque, NM

A 400 MHz Current Breakout Probe for High Attenuation Shielded
Cables, M.%. Johnson, R.R. Creason, and RN, Randall, The BOM
Corporation, Albuquergue, NM, R.M. Turfier, Mission Research
Corporation, Albuguerque, MM, and D. Cox, Lockheed Missiies
and Space Lompany, Inc., Sunnyvale, CA

bevelopment of a Broadband EMP Threshold Detector Which Registers
Discrete Current Levels on System Conductors

D.A. Eckhardt and L.A. Starez, TRM, Inc., Albuquergue, MM

instrumentation Effects lipon EMP Induced Wire Zurrent Responses
in Aircraft

Y., Motilt, TRW, Albuquergue, NM, end G.D. Sower, EG&G, Inc.,
Albuguerque, MM

Practical Probiems of Fiber QOptics in Field Applications
M.E. Gruchalla, EGEG WASC, Inc., Albuguerque, NM

A Fiber-Opticalliy-Controiled Wideband Switch for Muitiplexed Data
Acquisition in EMP Tests
G.D. Kahn, EGRG WAST, Inc., Albuguerque, MM

An Instrumentation System For Greatly Increasing the Data Collec-

tion Rate of EMP-Induced Wire Current Measurements fn Aircraft
A.J. Bonham and G.D. Sower, EGAG WASC, Inc., Albuguergue, NM

i-14

INSTRUMENTATION FOR EMP MEASUREMENTS
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SESSION URSI-E-5/URSI-B-11/NEM-12 SCIENTIFIC BASIS FOR NGISE ARD INTER-

WEDNESDAY 1:30-5:00 FERENCE CONTROL
EDUCATION CENTER, Room 104
Chairman: E. Vance

SRI International

Mento Park, CA

1. Concerning the Scientific Basis for Noise and Interference
Controt
.2, Baum, Air Force Weapons Laboratory, Kirtland AFB, NM

2. Application of Shield Topolegy to Systems Protection
E.F. Vance and W. Fraf, SE! International, Menlo Park, CA

3. Use of Topological Decomposition Concepts for Determintng EMP
Hardress Allocations for Multi-Shielded Systems
F.M. Tesche, LuTech, Inc., Berkeley, CA

4. Some Aspects of EMP Specifications
W.5. Kehrer, Rir Force Weapnns Laboratory, Zirtland AFB, MM, and

L. Marin, The Dikewcod Covporatiown, Sarta Monica, CA

s 23

Panel Discussion

i-15
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SESSION NEM-13 EMP SIMULATION TECHNOLOGY I
WEDNESDAY 1:30-5:00
KIVA AUDITORIUM

Chairman: 7. Xarlsson

FOA
Linkdping, Sweden
Page

Transportable EMP Simulator EMIS-3 57
P.A.A. Sevat, Physics Laboratory TNG, The Hague, The Metheriands
Low Freguency Spectrum Content Assessment for Vertically 88
Polarized Dipole Type Simulators: First Zero Lrossing Time
Vs. bamping Ratio
K.5. Kunz, Kunz Asseciates, Inc., Albuguerque, NM, and R.W. Shoup,
IRT Corporation, San Diego, CA
Spectral Notches in EMP Simulaters, Their Effect on System 89

Responses, and Data Evaluation Methods
L. West and M. Welt, AYCO Systems Division, Wilmington, MA
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THE MAYPOLE (HODP/COLUMN} ANTENHA OEVELOPMENT PROGRAM
by
Thomas &. Campbell and David H, Butler

Langltey Research Center
INTROGUCTION

The Maypole heop/coTumn antenna concept is a deployable space frame
that has the potential capability of providing several different reflector
surface contour designs from the same basic configuratien. Therefore,
this concepl was selected for development to a frasibility level by the
Langley Research Center {LaRC) during the Advanced fpplication Flight
Experiment (AAFE)} Frogram, But now, more detailed desion and analytical
activities (coupied with hardware verification tests) are underway through
the Large Space Antenna {LSA) Program at LaRC. The hoop/column naint
deployed design configuration is siowe in Fioure § and the s
geometry configuralion is shown in Figure 2. Since the applicability of
the hoop/column concept with respect to the antennz focus missions s of
utimgst concern, the results of the missicn scenario activity strongly
influenced the selection eof the baseline configuration--the point des
for the LSA Proogra 3

i

i

esign
Basically, the communication mission scenario was
adjudged to contain a significant number of technology drivers: sa, the
baseline configuration for the hoop/column was selectsd on that basis.
Therefore, it was impeorative that the hoon/column antenna be configured
so that the requirements associsted with the communicetion mission {besws
using offset fasd veflectors) would be addressed. Hence, a significant
difference between the LSA effort and the previcus ABFE study is in the
antenna feed configuration that is required for the hoop/column reflector.

During the AAFE study, metric feed configuration {F/D < 1} were
used; but cmphasis s now piaced on asymmetric feed configurations. So
a multiple aperture concapt (F/D > 1) using offsei feed con rations
wWas introduced using the hoop/eolumn design,  The multiple aperture
approach has ted to a quad aperiure point desige for subsequent harcware
development. The quad aperture concept is generated by defining 2
separate reflector surface in each quadrant of the basic antenna surface.
This concept appears to be very promising as several offsel fed apertures
could be provided within the same antenna structure,  The facal point
for each quadrant reflector §s totally offset so that the fead system
does nol block the aperture. With this multiple aperture approach, the
area now avaiiable for the feed array elements has been increased
significantly. To meet multiple beam reguivemants, 55 beams could
i1luminate each quad reflector o produce 2 tctal of 220 beams from the
entire system. tach feed array will be attiched to the ceniral colume
and beam interteaving is adjusted by translating the ¥feed array ia two
dimensions. This approach should effectively scan the beams and Fix the
bean-to-beam crossover points at the dosired levels. The total structural




size for the offset geometry is the same far the symmeirical configuration
sg that F/D for the offzet veflector is essentially doubled.

The use of the gquad aperiure hoop/column antenna configuratior could
also requirg innovative mesh designs for the reflective surfaces. For
exampic, multiple mes be required throughout the quad raflector
for the foliowing First, an open mesh {transparent at the operating
wavelength) will be used on the wain nartion of the vaflector but ovtside
the respective 11Twainated reginns.  This would atlow side lobe energy o

1

leak through the outside ragion the reflector. Secondly, the reflector
mesh systesm coulid accommodate d frequency operatien {C-band and Ku-band)
by using freguency selective surfaca (FSS) technigues, the FSS material
ineach quad ap e would aliow for the wavelength diffevences {2.5)

and produce equivalent beamwidihs at each frequency.

5

Therefore, it
is more complex th
chatlenging fre

that the cuad aperture hoop/column cancept
quration and, indeed, more

tenna design standpoint, Also, the technology that

is developed thro the LSA Program should be wmore benaficial. The critical
parameters selected for the 100-meter point design guad aperture configura-
tion are listed below:

o 100-meter diameter parent reflector,

o fuad offset apertures--340.6 meters, in diameter sach,
o F/0 = 1.53,

0 Focal length {single offsci)--62.12 meters,

¢ Frequency for the point desion--2.0:GHz

o Half power beam width--0.2567,

o 220 beams, 55 beamsfaperiure,

p Surface accuracy--if20,

f=]

Beam to beam isolation--30 dB,
o Gain--55.4 dB, and

o Point accuracy--0.03°
CONCEPT DEVELUPMENT PROGRAM

The Hoop/Celumn Development Program at LaRC will cowplete the design
and conduct design verification tests Lo prove that the multinle aperture
concent can provide efficient multipte heam performance chavacteristics.
After completing the numerous LSA activities, it will then be possible
to evaluate this concept through meaningful trade-off studies. Recognizing
the fact Lhat smailer deployable desions do not adequately identify probiems
assaciated with largs antennas, the technology efforts are focused on the
feltowing issues:

o Development and demonstration of hoon/column reflector technology
to satisfy foous mission reguirements;



¢ Verfication of the analytical fechnique for predicting reflector
performance,

o Development and verification of scaling
allow extrapolation of performance to a wide range of
antenna sizes,

o Development and verification of
methods for refiector surface ad

o Development and damons :
orbital evaluation of the reflector o
integrated demonsirat
with the reflector,

o A verified paremetric cost model for each large antenna
system, and

¢ Verified techniques and procedures Tor the manufaciure,
assembly, and testing of larue antenna systems,

EXPERIMENT MODELS

Efforts with the concept development program area will: (1) provide
hoop/column scaled hardware modsls which satisfy the focus mission
configuration requirements, and {2} identify critical hoop/columm components
This will be accompiished by building full-scale compononts and subscale
engineering verificatius models where necessary. The verification modals
wiil:

o Establish fabrication and assembly procedures for large size,
cable supported, mesh reflectors,

n reflectors be buiit to a

¢ Demonstrate that Yarge scale me E
able tolerancos,

prescribed curvature within acc

o Estabiish the surface shape to the desired contour and estab)ish
1 inflicht adjustments of the surface are FELEESATY

o [Determine the compatibility of an engineering Tn-flight surface
accuracy measurencnt systom (SAMS) with the hoon/column design,

&

0 Compare experimental resulis of surface setting and adiusting
on the model with analytical predicticns of sur acturacy
and surface fmprovements to canle adjusiment,

o Establish ground handiing procedures for folding the hoop,
mesh, czbles, and mast into the stowesd position,

o Demenstrate the deplayment kirematics of the finop, mesh,
cables, and mast during the deploywent sequesce,

¢ Measure the surface accuracy of a mesh surface after
deployment, and

o Establish the effects of cable blockage on the RF perforwarce
of the antenna,



There are three major engineering models planned for the hoop/calumn
technology deveiopment program: (1) a 30-meter surface adjustment model,
(2} a 15-meter deplovwent antenna model, and {3) an RF verification model.
These models will be developed in accordance with the plan referred fo earlier.

COHCLUDTNG REMARKS

The deveTomment of the hoop/column antenna is ongoing. A 4d-gore
section of a Bd-meter diameter reflector has been fabricated and tested,
Flans are now underway for the development and tfests of the 15-meter
diameter kinematic reflector model. The 15-meter model development is
planned to be completed in (FY} 1984, The results of the hoop/columm
development nrogram will provide analysis methods that will be validated
using subscale reflector models, The successful conclusion of these
activities will provide NASA the capability to conduct meaningful trade-off
studies for largs space antenna applications. These studies would include
risk~assessment, performance prediction (RF and siructural) and, antenna
costs projections. Alsc, definition activities for & laroe aptenna flight
experiment could then be made using Known antenna capabilities.

4

THE EFFICIENT SYOWED PACKABET
CAN BE TAILOEED TD A AANGE OF
RECUIREMEATS

Figure 1. Deployed Configuration of the Maypole Hoop/
Column Antenna Concept.

Figure 2. Stowed Configuration of the
4 Maypole Heop/Colusn Antenna.



PULSED POJER TRCINOLOGY AP SANDTA NATIONAL LABORATORIES

4. Yonas
Bandia National Laboratories
ARlbuguengue, N 87185

Pulsed power in the U.S. has progressed substantially over the
last fifteen vears bhased on support from the D.G.D. and DLOVE. for
near term defense and long term energy applications. Sandia began
its effort with Hermes I which was developed in colialboration with
the AW.R.E. This gamma-ray similator has been an active part of the
D.O.E, weapons effects testing progrem with 20,000 shots sirce 1967,
An advanced simalator, Herwes ITI, now under prototyvpe development,
will provide irproved dose~rare and larger ares testing capabilities.
Hermes ITY will encompass mary of the developments from the B.OLE.
inertial fusion program as embodied in PEFA-T as well as from the
AF.W.L./Sandia multi-stage accelerator technology program, RATLAC,

PBFA-I, a 36 wodule, 2 MV, 30 TW acozlerator began operation
in 1980 and is curfently being emloved to imvestigate voltage
addition and icn diode scaling using magnetically insulated recon-
nection. PBFA-II, with 36 modules and a 100 7W output, will be
configured to allow its wse, beginning in 1986, as either an ion
accelerator at 10 MV or an irploding foil driver at 30 MA,

RADEAC 1 has produced a 25 ki, S MeV electron beam through post
acceleration of a 2 MaV beam by four radial pulse line driven cavi-
ties. RADIAC 1T, now under construction, will allow us to explore
the extension of this approach to higher cwrrents and voltagss.
Other activities include development of repetitive pulse coponents,
low jitter switching, multi-stage and oollective ion acceleration,
and explosive power supplies with fast opening switches.

With the inception of mdular, muiti-stage pulseline techniques
and methods for voltage or curvent additicon, pulsed power has coened
wp a new dimension in power concentration. With the ipevitabls
future improverents in compact pulse forming and enerxay storage,
synchronized switching, and breakdown suppreseion, the opportunities
for further application of pulsed power will accelerate.



THE NUCLEAR ELECTROMAGNETIC PULSE PROGRAM:
EVOLUTION AND IMPACT ON TECHNOLDGY

Dr. Jd. Philip Castilto
Air Force Weapons Laboratory/NiYE
Kirtland Air Force Base, New Mexico 87117

This papar will present the evolution of the technical developments
in auclear electromagnetic pulse (EMP) technology and its dependence on and
relationship to electromagnetics. This technical arca includes the physics
of generation of the [MP, the interaction of EMP with objects as well as
methods for the simulation of the EMP. General metheds for testing and
protecting electronic eqeipment wiil be discussed.

The EMP program impact on the electremagnetic technology will be
prasented including instrumentation and theoretical aspects. A history
of the EMP technology development will be included,



ALR FORCE HIGH ENERGY LASER PROGRAM
by
JAMES DL, DiLLOW

ALR FORCE WEAPONS LABORATORY
KIBRTLAND AIR FORCE BASE, WEW MEXILO

Abstract

The purpose of this presentation Is to describe
selected technical aspects of the Alr Force Weapons
Laboratory's high energy ltaser program. The presentation
is introduced with a film of the Delta experiment, where
a° drone aircraft was destreyed in the air by & hich energy
faser, in order to put the technology programs in perspective,
a generic high energy laser weapon system §s dlscussed and
the Alr Force Weapons Laboratory technology proaram is

overviewed.

The technology areas are selected for further description --
devices and beam control. First, the ltaser devices that are
being developed by the Alr Force Weapons bLaboratory are
briefly described. in arder to describe the Air Force
Weapons Laboratory beam control technology program, a state-
of-the-art beam conirol system ts compared to a genmeric
advanced beam control concept. The reliance on adaptive optics
In advanced systems Is pelnted out and two adaptive optics
systems belng studled by the Air Force Weapons Laboratory

are selected for further description.



RECHNT OBSERVATIONS WITHE THE VLA RADIO TELESCOVE

R. A. PERLEY NATIOWAL RADIO ASTRONOMY OBSERVATORY

The VLA (Very Large Array) is the world's most powerful and
flexible radio telescops. Situated on a high plain in western New
Mexico, the VLA was built by the Waticnal Radio Astyonomy Observatory,
and is designed to provide high quality maps of celestial radio
sources, Comprising 27 23- weter parabaloidal reflectors, the
instrument provides of the skv visible within the antenna
primary beam through Fourler dnversion of the 351 cross-correlations.
It operates in any of four bands, centered roughly near 1.5, 5, 13 and
73 OGHz, with a sensitivity of up to 1673 gace m 2 Fz ' ar the two
lowetr bands, and with a reselution, at 5 GHz, of ~0.3". The VLA can
operate in z continuum mode, with bandwidths of up teo 50 MHz, or in
spectral line wede with up to 256 chanmels with frequency resolurion
selectable from 12.5 Mz to 400 Hz.

The VLA was dedicated in October, 1980, and since then has been
used by astronomers from arcund the world to map a wide range of
astronomical objects. These may be classified in three groups:

A) Solar and Planetarvy. Maps of the active and quiet sun, and
of most of the planers, have now been made.

B) tic, Our galaxy contains a very wide assortment of
radio &m shiests and veglons. Objects observed at the VLA
include scars, planctary nebulae, supernova remnants, molecular
clouds, the galactic center, HII regions and ezotic objects such as
$5433,

ic  Beyond our galaxy lies inmumerable zadio
emitting objects, including normal galaxies, Seyfert galaxies, radio
galaxies and quasars. These ofter appear very differently in the
radio region of the spectyum than do the optical objects, and have
been the subject of much VLA observing time.

in the talk, many of the latest observations from these and other
astronomical objects will be shown, and the scientific implications
bricfly discusszed.




ELECTROMAGNETIC COUPLING THROUGH
CABLE SHIELDS®

Prem N. Setty and John E. Tigner

ELECTROMAGMETIC/RADIATION EFFECTS DIVISION
SCIENCE APPLICATIONS, INC.
1710 Goodridge Drive
MceLean, Virginia 22102

It is essential for the System/Design Engineer to have an
estimate of the SGEMP/IEMP coupling through cable shields, or the
shielding effectiveness, in order to effectively harden the svstem.
What is required is an analysis methodology which, in combination
with an experimental determination of the shielding effectiveness
of complicated harness configurations, will assist the Design Bngi-
neer in verifying the hardness of the system to the threat
environment. In this paper, we shall describe such a methodology
(LEAE) to determine the shield to core coupled signal for an
arbitrary multibranch, melrviwire, mulcimede configuration., This
methodology is ideally suited for SGEMP responses (small pulse
widths) im long cable harnesses (long propagation times with
breakouts).

This methodology serves as an effective tool to:

(1} estimate the shielding effectiveness of a harness
configuration in-situ;

(2) assist a Design/System Enpineer in cheoosing optimum
cable shield type and parameters to maximize
shielding effectiveness;

{3) evaluate alternative harness configuration to
minimize shield/core coupled signal;

(4) suppert the development of a shielding effectiveness
test methodolopy; and

(5) evaluate regquived shield/core transfer functions to
ensure a particular drive mechanism is dominant if
that is the design constraint,

Using analytical and empirical relationships for estimating the
electromagnetic coupling through shields, we shall compare
shielding effectiveness calculations obtained using this
methodolopy to experimental results obtained from the DNA
(General Electric cable shielding effectivensss tests) program.

*
Work supported by the DEFENSE NUCLEAR ACENCY under Contract
Number DNAOD1-B81-C-D005.



A SIMPLE THEGRY FOR UNDEBSTANDING THE
MAGMETIC FIFLD ATTENUATION OF ENCLOSURES

AUTHORS: P.od. Madle
TRY, Inc.
Redendo Beach, CA
and
L. 0. Hoeft
The BOM Corporation
Adbuquergue, MM

£MP analyses frequently use magnetic field attenuation to
specify the performance of enclosures. The magnetic fiedd
attenuation is the ratie of the magpetic fiald inside the
enclosure to the syrface magnetic field on the exterior of the
enclosure., This paper presents a simple theory that is useful
for understanding the mechanisms involved in the coupling of
magnetic fields into enclosures.

This theory i3 based on a wodel of the enclosure that
represents the epciosure as a large single furn loop. The
enclosure is electrically small (a good approximation up to tens
of MHz) therefore currents are everywhere the same. The enclo-
sure 75 thick enough so that current does not diffuse through
the material (a good assumption above 100kHz) .  The exterior
magnetic Field or surface current is coupled to the inside by
the finite transfer impedance of the joints. The exteriar
surface current produces a veltage across the Joint transfer
impedance which in turn produces a curreat in the interior of
the single turn loop and a magnetic field in the interior of the
enciosure,

The use of this model results in an analytic expression for
the magnetic Tield attenuation in which the denominator is
related to the transfer fmpedsnce of the joint and the numerator
is related to the size of the enclosure.  If the Joint is pre-
dominately a resistor, the magnetic field attenuation should
change at 20d%/decade. If the joint is predominately an aper-
ture, the magnetic field attenwation is freguency independent.

The measured magnetic field attenuation of a wide range of
generic enclosures 15 consistent with this simple theory. [t
appears to be most useful for interpreting experimental resuits
and making design iterations,
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MEASUREMENT ¢

GF THE MAGNE
BY GENERIE

Ik
LQUIPN

“1ELD REDUCTION FROVIGED
SES AND ENCLOSURES

AUTHORS: L. 0. Hoeft, R. J. Karaskiewicz, J. S. Hofstra, and
T d. fndrews
The 8DM Corporation, Albuquergue, New Mevico

One measure 0f the shielding provided by enclosures is the ratio
of the magnetic field inside the encicsure divided by the surface
magnetic field on the outside of the enclesure., This ratio is defined
here as the magnetic field reducticn or attenuation.

The magnetic field attenuation of three types of equipment cases
and two enclosures was measuved Tor frequencies between 160Hz and
L00MHz using sev 1 types of TEW cells. The equipment cases included
a comuon aluminuts chassis with a stmple cover, & pair of deep drawn
aluminum boxes attached to each cther by a machined flange and a com-
mercially available steel box with an "RF1Y casket. The enclosuves
included two enclosures appro tely 87 x 47 % each divided into
Faur eQulpmcnt bays and a cable bay acress the back. The enclosures
differ in their construction, namely, one was made of 1/18" alum L
pop-riveted to aluminum dnq1e while the other was constructed of two
Tayers of 1/32" aluminum : bed by 5 olywood (8 gimulation of
honeycomb) inserted into eeru%.bnﬁ and fastened with bolts on 4"
centers.

tic fieid attenuation
portionat to frequency

Except for the simple chassis hox the =
of the squipment Cases was almost directly g
thraughout the fregquency range. The magnetic E‘Qld attenvation of the
chassis box was proportiona] to frequency from 100 to 10,000Hz, then
stowly increased another -15dB in the range of 10kHz to 1Mz and then
became frequency Tndependent. The steel case with gasket orovided the
best magnetic field attenuation {about -S0dR at 10MHz). The deep drawn
aluminum case provided about -8CdB at 10MHz without a gaskat

The magnetic field reduction of the simple enclosure was similar
to thal of the simple chassis box, -50dB in the 1 to 10MHz range
increasing to -58dB at 40MKz. The performance of the more complex
enclosure was Signifﬁf‘u'1y better  With the equannent 1Y Cover
simply placed on the enclosure, -40dBE of e Tield reduction was
achieved between H00kHz and 100MHz and was -94d3 il ha 1
af the screws were vemoved, the magneiic field attenuat decreased by
6dB,

The measured magnetic field attenuation of the gene N
cases and enclosures was always less than that precic HE WAVE
shielding calouiations,  The measured alectiromac ChowAs
consistent with & simple theory that ¢ i > finite impedsnoe of
a joint as the mechanism for coupling current the exierior to Lhe
interior of the enclosure.

2o i
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THEORETICAL AND EXPERIMENTAL TRANSFER IMPEDANCE
OF CONCENTRIC LAYERS OF COAXIAL SHIELDING

AUTHOR: M. A. Dinallo, The BOM Corporation, Albuguerque,
New Mexico

Modeling concentric layers of braided shields is an
integral part of system hardening technology for EMP. To
determine the accuracy of a multiple shield model, the model
is compared to measured data. This paper compares theore-
tical and experimental transfer impedance data for 1, 2 and
3 layers of tubular braided shields, from 1 kHz to 100 MHz
using transmission iine theory and a quadraxial test fixture.
These results suggest an interlayered inductance should be
included for any modeling of multiple braid Jayers even
though the different braid Tayers are in contact many iimes
along their length. This confirms Schelkunoff's total
transfer impedance theorem (ref. 1) along with the provisio
on including shield to shield inductive reactance.

The measured data also showed that the simplifying high
frequency approximations made for total transfer impedance
is inadegquate to describe multiple layered braided shields
since the transfer impedance is found not to be directly
proportional to frequency (ref. 2).

1. S. A, schelkunoff, "The Electromagnetic Theory of
Coaxial Transmission Lines and Cylinderical Shields,"
Bell System Tech. J., Vol. 13, pp. 532-579, October
1934,

2. E. F. Yance, "Coupling to Shielded Cables," Wiley-

Interscience, John Wiley and Sons; New York 1978, p.
168.
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MEASURED TRANSFER IMPEDANCE OF BRAID AND CONVOLUTED SHIELDS

AUTHORS: J. 5. Hofstra, M. A, Dinalle, L. 0. Hoeft, The
BOM Corporation, Albuguerque, New Mexico

There s a wide variety of shield materials for cable
bundles however, 1ittle measured transfer impedance data
exist. This paper will present measured transfer impedance
data, from 1 kiz to 160 MHz using a guadraxial test fixture
for both braids and a variety of other cable bundle shields
including: magnetic and non-magnetic convoluted shields,
tape wournd aluminum and stainless steel conduits with and
without overbraid and metal tapes. The measured transfer
impedance for cne and six meter length tubular and machine
braided shields will aiso be prasented. Such a collective
sampling of measured transfer impedance data is not present
in the literature.

The measurements show the overbraid reduces the trans-
fer impedance of convolutes and tape wound conduits by a
factor of 10 to 100. The transfer impedance of braided
shields measured in this study is censistent with the high
frequency shielding effectiveness measurements by others
{ref. 1). The present measurements extend to 1 kHz and
aliow comparison with d.c. resistance measurements, The
braided shields for 2 and 3 layers of braid show that the
simple mutual dinductance model (ref. 2} is inadequate lo
define the performance of these shields, since the high
freguency transfer impedance is not proportional to fre-
guency. These measurements suggest the need for a more
sophisticated model.

1. E. D. Knowles and L. W. 01sen, "Braided Cable Shielding
Effectiveness Study,” Boeing Contract No. AFCE (694)-
791, 1970.

2. E. F. Vance, "Coupling to Shield Cables,” Wiley

Interscience, John Wiley and Sons; Mew York 1978,
p. 168.
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TRANSFER IMPEDANCE FOR OME AND TWO LAYER SHIELDING
TOPOLOGIES WITH BACKSHELLS

RUTHORS: L. 0. Hoeft, J. 5. Hofstra, M. A. Onallo,
The BDM Corporation. Albuguerque, New Mexico

Mmost atl cable assemblies have the shield terminated
to a backshell and connector. An optimum shield termination
minimizes the transfer impedance from backshell to inner
cable conductors {pins). This paper presents a systematic
study of the measured transfer impedance for a cable assembly
with two layers of shielding topeiogy Trom 1 kHz to 100 MHz
using a quadraxial test fixture. The effect of terminating
the inner most shield at different points in the backshell
can be seen in the measurements. The resuylts show, at
frequencies where resistive coupling is dominant, that
different termination points result in different transfer
impedances. These differences are indicative of the dif-
ferences in contact resistance for the backshell components.
for only a single inner level of shielding, mutual induct-
ance coupling 1s observed beyvond 4 MHz. For two levels of
shielding, the effect of mutual inductance coupling up to
100 MHz 1s insignificant. This data comparison shows that
adding an additional shielding layer reduces the cable
assembly transfer impedance by a factor of 10 beyond 4 MHz.

12



SHIELDING EFFECTIVENESS OF TYPICAL CABLES
FROM 1 MHz 70 1000 MHz

AUTHORS: M. A. Dinallo, L. 0. Hoeft, J. S. Hofstra, The
BDM Corporation, ATDuguergue, New Mexice

Cable shietds usually have two specifications te meet
one for EMP, and one for EMC. From O to 100 MHz the trans-
fer impedance can be determined by using a simple voltage
equation {ref. 1). This is an adeguate technique for de-
teraining the shielding quality of a cable for EM? shielding
analysis.  Beyond 100 MHz the cable length is not &lec-
trically small and it becomes difficult to reduce measured
data. Consequently, some form of shielding effectiveness is
often used to specify the properties of cables. This suffices
for determining the shielding quality Tor EMC analysis.
Measured data for the shielding effectiveness {the vatio of
center conductor to shield current) of several shielded
twisted paivs and cable assembties, from ¥ MHz to 1040 MHz
using a quadraxial test fixture, will be presented. The
resuits show the shieldipng effectiveness reaches a mininum
value which is directly proportional to the shield mutual
irductance and becomes maximum at the cable electrical
Tength resonances. The effect of a single aperture was alsa
studied and measurements show the shielding effectiveness of
this type of coupling is particularly poor at the UHF
frequencies,

1. M. AL Dinalle, L. 8. Hoeft, J. 5. Hofstra, "Exploratory
Cablie Shielding Studies," BOM/A-81-L&68-TR, Hovember
3, 1981.



STANDARD EMP TEST TECHNIQUES FOR
CABLES, CONNECTORS AND CONTAINERS

H. PRICE, MRC, ALBUQUERQUE, NM
G.D. SOWER, EG&G WASC, ALBUQUERQUE, NM
E.F, WANCE, SRI, AUSTIN, TX

This report presents the results of investigations
into establishing standards for measurement of the
electromagnetic pulse (EMP) shielding properties of
shielded cables, their associated connectors and
containers.

In the following material, two proposed standards are
presented: Measurement of EMP cable and connector
coupling parameters, and measurement of containerx
shield gquality. The proposed standards are followed
by a discussion of some experimental data obtained by
testing in accovdance with the standards.

Ideally, a standard should describe tests in the
quantitative measurement of meaningful parameters.
That is, the test outcome should result in parameters
which are useful to the design process, or
verification purposes. The tests in the proposed
cable and connector standard meet this requirement.
The parameters to be measured are the transfer
impedance per unit length between shield current and
internal conductors, the coupling ceefficient between
shield charge and internal conductors, and the
transfer impedance between a connector shell and
internal conductors.

The proposed container standard, however, falls short:
The primary reason for this is that the definition and
measurement of meaningful container EMP parameters 1is
considerably more difficult than for cables and
connectors. While it seems possible to define
meaningful parameters, considerably more experimental
effort will be reguired before a practical standard
can be written (one that describes practical tests to
measure the meaningful parameters)., Accordingly, the
proposed contalner standard represents a compromise.
The proposed tests can be performed in & reasonably
expeditious WaYy, and the resulting measurements
{although not absolute worst case) can be applied to
obtain practical estimates of induced voltages in
circuitry enclesed by the containers.

*This work was performed under Air Force Weapons
Laboratory Contract F29601-78-C-0082.
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SURVEY OF [MP ASSESSMENT UNCERTAINTIES

Jerry 1. Lubeld

David B. Stevens
Hission Research Corporatjon

3720 Sinton Road
Cotorade Springs, €O 80907

There are many uncertainties inherent in state-of-the-art EMP
assassments.  The uncertainties are associated with most ele-
ments of the assessment process and range from uncertainties in
EMP enviramments to unceriainties in component susceptabilities.
If the EMP assessment is performed in support of a system hard-
ening pragram, the uncertainties translate to either risk in EMP
hardness or additional hardening to accommodate the uncertain-
ties.

This paper reports on a survey of the uncertainties which are
included in the high altitude burst EMP assessment process for
large, complex sysfems. The uncertainties are divided into cate
egories to separate EMP  induced stress uncertainties from
threshold uncertainties. They are further divided inte sub-cat-
eqories separating actual system-to-system variances feqoair-
crafi-to-aircraft differences in EMP coupling) from those uncer-
tainties which are a reflection of the Fnability to precisely
predict a given parameter {eg. the damage threshold of a piece-
part}.

Finally, a methed is suggested for combining the uncertainties
in such a manner as to estimate the fraction of a force of Sys~
tems which will survive an EM? scenario with a given level of
confidence. The procedure can be used to identify the hardening
required to achieve a given success criterion.

This work supported hy the Defense Muclear Agency under Contract
No. DNAQOZ-81-1-0195,
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ASSESSMENT AND PROPAGATLION OF UNCERTAINTIES IN SYSTEM
EMP RISK ASSESSMENT

Richard W. Mensing
Lawrence Livermore National Laboratory

The assessment of the risk of systems to an EMP threat involves
uncertainties. There are the poiential inherent random
variations in the failure characteristics of components and
systems as well as random uncertainties in the response of
components caused by the EMP related stresses. Thus an analysis
of the visk of a system to an EMP threat must allow for these
random uncertainties. There are also uncertainties in the
analysis and assessment of risk or vulnerability. For example,
in most situations there is a lack of knowledge about the
magnitude and tocation, relative to the system location, of the
£MP source. There is also uncertainty in the transfer of the
EMP induced stresses from the environment to the entry of the
companent/system. Finally, there is likely to be some
uncertainty in knowing the parameter values associsted with the
random component failures. These uncertainties must aiso be
considerad in a risk assessment.

Much of the present EMP risk assessment does not distinguish
between inherent random variation and modet {analysis)
uncertainties. Section 1 of this paper cutlines how these
uncertainties can be handled so that the resulting risk measure
properly distinguishes between random and model uncertainties.
Recognizing that much of the modeling informalion used in a risk
assessment will be derived from experts, Section 2 includes a
discussion of the problems related to assessing probabilistic
opinions from experts. Oevelopment of expressions, which
consider both random and model uncertainties, for the
probability of failure of individual components is the topic of
Section 3. Specifically, if the mode} uncertainties can be
expressed in terms of lack of knowledge aboul the location
parameters of the distributions of strength {threshold} and
responses, bounds are developed for the probability of success,
i.e., for the probability that safety margin exceeds zero. The
last section of the paper discusses methods for developing
hounds for the probability of failure of a system, i.e., &
network of components.

Department of Energy by the Lawrence Livermore National
Laboratory under contract #W-7405-ENG-48 and sponsored by the
Defense Nuclear Agency subtask RRO9DAXEC301, work unif 835 S/V
Confidence Evaluation,
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Abstract

A FAST PROCEDURE FOR THE EXACT COMPUTATION OF EmMp
AND OTHER ENVIRONMENTAL EFFECTS ON COMPLEX
PROBABILISTIC SYSTEMS

G. €, Corynen

Systems Research Group
Lawrence Livermore Naticnal taboratory
Livermore, California 94550, I, S.A.

A new set-theoretic method for the exact and efficient computation of the
reliability of complex systems has been developed.

The method is particularly suited for computing the effects of internal
failures and uncertain environments upon large systems consisting of up to
1000 highly interacting parts.

The core of the method is a fast algorithm for disjointing a collection of
sets and it is based on a "divide and conquer" approach where a
muitidimensional problem is progressively decomposed inte subproblems alang
its d¢imensions. The method alsc uses a particular pointer system which
eliminates the need to store the subproblems, but only requires to store
painters to those problems.

Exampies of the algorithm and the divide and conguer strategy are provided,
and comparisons with other significant methods are made. Statistical and
worst case complexity studies show that the time and space complexity of other
typical methods is O{me?), but that our method is Gleenl). Problems

which would require 28 days of Cray 100 computer time with present methods can
now be solved in aboutl one second. Large-scale systems which can only be
approximated with other methods can now be evaluated exactly.
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RELIABILITY-CONFIDENCE FATLURE ANALYSIS OF SYSTEMS*

R. M. BEVENSEE
Lawrence Liverniore National Laboratory
Livermore, CA 94550

Reliability-confidence failure amalysis is important for large
systems Lo assess the effects of disturbances such as EMP. Such
analysis can be epplied both to non-failture probabilities of
network paths and to the probability of system failure over all
disjoint paths of its network represantation. For instance, the
log-probability of non-failure over a network path is the sum of
the Jog-probabilities of non-failure of the path components.

The question then arises: given R-reliability intervals*® for
these component log-probapilities, and confidences in those
intervais, what is a reasonable R-reliable interval for the path
Tog-probability of non-failure and what is the confidence in #t?

The same guestion is relevant to a study of the probability of
system failure ¥ as a sum of the probabilities of failure fy
over all its disjoint paths. Confidence statements about the
R-reliable intervals of the f; imply confidence statements
abut varicus defined R-relighle intervals for F.

These matters will be discussed for Gaussian populations with
known means and unknown but sampled variances. An advanced
technigue will be presented for computing the confidence in an
R-reliable interval for a sum of independent Gaussian random
variables given their sampled variances (J. V. Locasso, "The
Confidence in Combinations of Imperfectiy Known Variances®,
Prob. and Stat. Notes, Hote 9, Air Force Weapons Laboratory,
Kirtland AFB, 8 July 1977).

Fi.e., an interval in which the log-probability is expected to
lie 100R% or more "of the time" in an ensemble sense.

#Work performed upder the auspices of the U. 5. Department of
Erergy by the Lawrence Livermore National Laboratory under
contract number W-7405-ENG-48.
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A CANONICAL STUDY OF EMP VULNERABILITY

Br. J. F. Prewitt
Mission Research Corporation
Albuguerqgue, New Mexico B7108

A statement of the vulnerability of a system to EMP is
depenident on the relationship betwezen the system susceptibility
threshold and the stress applied to the system. This paper ap-
proaches this problem from a probabilistic point of view by
choosing a number of convenient canonical forms for stress and
susceptibility threshold probability distribution functions and
determining the resulting probability of vuinerability {i.e., the
probability that the stress exceeds the susceptibility thresh-
oid}. Possible relationships between Lhese canonical forms and
expected real-world distributions are discussed.



CONCEPTS #0R FLEET ASSESSMENT OF EMP HARDNESS

Dr. L. D, Scott, Dr. J. F. Prewitt, Dr. H. J. Price
and Dr, J. W. Witliams
Mission Research Corporation
Albuguerque, New Mexico 87108

Beyond the need for EMP assessment of individual systems lie
the requirements for the assessment of entire fleets, Test plann-
tng and design for such an assessment must take into account the
statistical nature of the testing process. This paper reports on
test design concepts developed from a consideration of the re-
gquirements of such an assessment, and discusses the statistics of

the related testing process.
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ABSTRACT

Formal Technical Inferences About System Level
EMP Hardness-~-Controversy and Confusion

L. West
AVCO Systemms Division
201 Lowell Street
Wilmington. MA 01887

Past aircraft EMP test and evaluation programs have
ended with no hardness assessment or with assessments
embroiled in controversy. High level ftechnical managers
have claimed, on one hand, that EMP technology has
matured and does not need high level expertise and, on
the other hand, that a formal technical assessment of
aircraft hardness is not yet possible. This paper sets
agide both claims and examines hardness assesament
issues inherent to large complex systems.,

A heuristic discussion deals with aircraft EMP
hardening, the use of analysis and test, the correlation
between analysis and test results, and aliowable statis—
tical inferences, Particular emphesis is placed on
the observed lack of correlation between EMP responsea
and threshold predictions the corresponding test results,
and the effect of that on hardening decisions and hard-
ness assessment. The resclution of this problem is a
hardening philosophy consistent with analytical capabil-
ities and experimental resources: in shert, there are
some rather obvious dos and don'ts.

The trade-offs between requirements, degree of
hardening, and formal evaluation methods are evaluated.
The goal is to bridge the gap between the management
and technical communities in a manner consistent with
EMP hardening requirements and available test and
evaluation resources.
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PROTOCOL FOR EMP SURVIVABILITY STATEMENTS
FOR ¢ FACILITIES

J. F., Wagner
K. M. Mason, Jr.
BOOZ-ALLEN & HAMILTON INC.
2340 Alamo SE, Sulite 207
Albuguerque, Mew Mexico 87106

The concept of a protocol for EMP survivability of
systems is presented and the structure of the protocol
framework defined. The protocol identifies the finite
sets of decisions and theilr relative connectivikty. The
protocel structure is based on the key elements of an
assessment: stresses {(response drives), strengths (tran-
sient tolerance levels), compariscn processes (hardness
margins) and the accompanying uncertainties (experimental
and analytical errors).

The protocol presented assures that certain desir-
able information is available to decision wakers involved
in assessments. These properties include: equivalence
of measures of effectiveness, wvalidity, and censistency.
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EXAMINATION OF PROTOCO! STRUCTURE THROUGH
EXISTING EMP ASSESSMENT DATA

J. F. Wagner
R. M. Mason, Jr.
BOOY -ALLEN & HAMILTON IHC.
2340 Alamo SE, Suite 207
Albuguergque, New Mexico §7106

The protocol structure identified and defined in a
companion paper is examined by employing existing EMP
data. Certain characteristics desired in a protocol are
examined in detail. The uze of existing data complicates
the examination since its accumuliation did not occur
under the protocol.

This examination is important in the process of
verifying the utility of the protocol. Deviations from
protoecel procedures are noted. DBvaluation of this vari-
ability will be performed.
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SCALE MODEL AND FULL

SCA
LIGHTNING TESTI

LE
IBG

Dr. Ganshor
iartin Mariett

abstract

An extensive lightuing test program has recently been completed on a
major missile program. The festing was performed in two segments. The
first segment coosisted of testing a cus-tenth zcals model of a nigsile
to determine probable lightning attach points. The second sagment
consisted of injesting simulated lightning strikes on & full scale
sortion of rhe missile., During testing, several mizzile response
parameters were messured. The diatributioe of lightning current ovsr the
axteraal surfase was measurad aloung with coupled voltages to externally
mountzd antemnas. Measuremsnta infevasl Uo the vehicle consisted of
lightaing indused cable shizld eurreats and magnetic Eleld digtributicn,

Two test waveforms were utlilized for the second segment testing. The
first was a damped ozcillatory wavaform with a fast vise time
(approximate}y 304 nanosecoads) te simulate the high rate of change of

rrent in the initial phase of a lightniasg reburn strokz. The second
was a slower rise time (approximataly 3 microseccads) unipelar wavefora
to simulate the high current loag duration portion of a lightning return
stroke fFirst peak phase,

tnstrumentation consisted of various derivitive sensors for measuring
sitin current, mqgnetxc fieids, cable currents and voltages. 4 fiber
optics data transmission system provided instrumentation isolation froam
the hostile echL:omaEnet1c environment during btest Data wavaforms were
rzcorded and processed using transieng digitizers and computar processing
and storage. Several methods of analysis for the computerized data wera
evaluated, and are discugsed.

This

lightning test program is believed fo be one of the most vnique and
extensiv

e ever performed on any vehicle.



"AEHP For Advancad Aircraft”
ARWAL (FICA/FTESL)

The Atmospheric Electricity Hazards Pr
Oynamics Labaratory (A}JALffI is bein
Electricity Hazards urouu ’FI"*') for
Development Branch (FISA} %o develop ane strate ALHP for &
electrical and elactronic s ubsyStEmsfﬂq nts.  Lightning cha
has besn conducted using e HOAA C-130 during the 1975-8) “Lhuﬂutrth i
sezsons. " Airborne records have heen made of 3-40 distant tightning, as
well as several direct strekes. Ground based recovds are ajso available for
many events. These experiences indicatz that portions of the return stroke
current wavetorm associated with a cloud- ground Tightning ¥ have sLb -micro-
second rise-time high current peak pulses. t is planned fo establd ]
simutation capability for 100 ¥A 200 nsec B

b time pulses through a 1’QHIEP
A/C. Inttial efforts have demonstrated a ! KA 260 nzsec rise-iime pulse
through an F-16 A/L.

{#EMB) srogram
ted through the
e investications

Currents/voltages induced n A/C informat
A/C Tightning/P-static interactions may Co sa set/damege to advanced
systems/equipment. Fiber-optics data 1inks are t ing in«estEQd ed as & counier
to titis threat. The AEHP Advancad Developmant Program (ADP) will centinue
development of this apd other protection concepts, After specifying
criteria and establishing the design of AEHP for mission criticat/flight-safe
elements of A/C the hardness achieved will be demonstrated ueing anproprizte
atmospheric electricity threat simulation.

d puer circuits during
nEel

p
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AIBRCRAFT LIGHTNING STRIKE CHARACTERISTICS

0. W. Clifford
McDonnell Aireraft Company
Molonnell Douglas Corporation
5t. Louis, Missouri 63166

ABSTRACT

Gecause of the weight, cost and performance penalties which can result from
overdesigned lightning protection, it 15 important that the atmospheric electricity
threat be accurately characterized so that protectiom for aircraft can be optimized
without compromising flight safety, Lightning design and test specifications for
aircraft are based upon lightaing discharge parameters measured on the ground during
cloud-to-ground discharges. For conservatism, the most severe cloud-to-ground
parameters are used in the specifications. Recent measurements imply that the
specifications should include very fast risetime vaiues, making then even more
sevare. An examination of aircraft operational statistics indicates that the
inyolvement of aircraft in Tow altitude cloud-te-ground flashes may be very rare.
#ost strikes are reporiad to occur while aircraft are flying at the freezing Tevel
in or around precipitating clouds. Reports of strikes to aircraft flying pelow a
few thousand feet are very rare in the U.3.

The probable characteristics of Tightning discharges experienced at the air-
craft are discussed and are argued to be quite different from those which would be
measured at the ground for natural cloud-to-ground Tightning. The projected
characterization draws upon intracloud discharge parameters, theroreticl con-
siderations, the parameters of triggered lightning discharges to wire-trailing
rockets, limited in-flight measurements of strikes to aircraft, and, finally,
examinations of 1ightning damage markings on aircraft.

The importance of the altitude issue to the discussien of Tightning discharge
characteristics is threefold. First, the presence of the aircraft in the cloud in
close proximity to charge centers enhances the probability of triggered lightning.
Triggered Tightning can be argued to have discharge parameters different from those
of natural cloud-to-ground strokes. Second, at cloud altitudes, the probability of
a strike to the aircraft being & cloud-to-ground flash is reduced since imtracioud
discharges are more numerous, Intracloud discharges are known to be less erergetic
than cloud-to-ground discharges. Third, at flight altitudes, the parameters of a
cloud-ta-ground flash are expected to be much reduced from their values near the
ground, High peak current discrete pulses involve the transfer of charge stored
on the icnized channel which generally extends from around the freezing level in
the oloud to the ground. If the aircraft is at the upper end of the channel, then
the charge on the channel will be almost entirely below the aircraft, resuiting in
reduced return stroke paramelers,

It is predicted that the aircraft will always experience a continuing current
discharge due to the leader currents feeding through the aircraft. In some cases
tow to moderate level discrete pulses (average 2 to 5 kA, worst case 50 to 100 kAi
with rise times from a few to several microseconds will be experienced. These
preq1ct10ns compare favorably with tha available measurements of direct lightning
s%rake;tby instrumented research aircraft and with damage reports to operatienal
aircraft.
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SHOCK EXCITATION LIGHTNING TESTS
OF FULL SCALE AIRCRAFT

¥. Zeisel
McDonnell Aircraft Co.
MeDonnell Douglas Corp.
St. Louis, MO 63166

The pulsed current and shock-excitation lightaing simulation techniques were
used to analytically and experimentally evaluste the vesponse of high impedance
differential wire pairs in a controiled geometry laboratory test and n a full-
scale fighter aircraft. The program consisted of three major tasks.

1} Conduct both tests under similar conditions on a Tong aluninum cylinder
in the Mchonnell Aircraft Company's high-voltage laboratory.

2) fAnalyze each test condition thecretically and correlate the results
with the experimental data.

3) Move the same test equipmeni to Wrighi-Pattersen Air Force Base
(WPAFB}, and repeat the tests on the YF-16 fighter aircraft.

The shock-excitation test configuration differs from the pulsed current fast
configuration by insulating the aivcraft from ground end by incorporating an
output spark gap between the test article and the ground return system. The
spart gap isolates the test article from ground potential so that the structure
is first raised to high voltage and then quickly discharged when the spark gap
breaks down.

The cylinder tests and analyses demonstrated that capacitive (¢ dV/dt) coupling
is the principal coupling mechanisms for the high impedance interior circuits.
Transmission 1ine effects were found to be very important for both test tech-
nigues with the induced voltages being approximately an order of magnitude
higher for the shock-excitation case. The fast discharge of the shock-excitation
technique quickly changes the output impedance of the cylinder/return conductor
transmission 1ine from a high Tmpedance to a near short circuit. This transi-
tion strongly excites the cylinder transmission Tine resonances. As the
generater charge voltage and output gap Tength were changed, the induced voltage
excited on the interior wirves varied as the time rate of change of the cylinder
voltage during gap breakdown (= dy/dt).

The analysis of the cylinder test configuration demonstrated that both tie
pulsed current and shock-excitation test techniques can be modeled as Lwe
coupled transmission line circuits with either distributed or lumped components.
The anaiytically predicted transients agreed well with the experimental data.

Limited atrcraft tests on the flight control circuits of the YF-16 produced
waveforms and scaling relations similar to those of the cylinder. The fast
discharge of the shock-excitation fechnique produced near threat level values
of 10'* Ass and 10' V/s., Differantial induced voltages on the flight control
circuits were only a few volis.
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FULL~LEVEL LIGHTWING ALRCRAFT

GYSTEM HLARDENING (FLLASH)
ANCED COMPOSITE

ERY-W R.F. Wallenberg
Maval Alr Systems Cormmand D.T. Auckland
Washington, D.C. gyracuse Research Covporation

Svracuse, Hew York

The (1965) design of the F-14 fighter inifiated major deplovment of
advanced composite materials for a total aireraft seation., The r-18 {1975)
degipgn saw  12.1% by weigho aud 38% by surface area construction from
cotpeaites co 1ed with digital Flyv-by-wire control, The Lear TFAN 2100 jet
is 100% composite, TFuture 31rcr3ft, missiles and helicopters will contain
approsimately az le&st 80% cowposites as evidenced Dby the Army's All-
Composite Alrframe Progran is developing an alwost all-cemposite
graphite/epoxy and an  almost all-composite kevlar  helicoptar. The
significant reduction in electremagnetic protection in fair to non-cenducting
composite structural waterials combined with safety dependence on
computer  control has spavked sigpificaept dinterest in  establishing the
electromagnetic harvdness of composite platforms in lightning and the nuclear
FMP. 7The hardness of frozen composite aircraft designs wiil be weasured and
future designs will consider these councerns the very early dezign phase,
The Havv's rlectroﬂkonutlc Degsign and Synthesis program i3
implementing early design hardening trade-offs in the HT( VETOL and YIXTS
procurement program while the Full-Level Lightning Aircraft System Hardening
Program (FLLASH) is measuwring lightning hardness on the ¥F-14, ¥~18 aircraft,
ATHM-9L missile, and a to-be-datermined helicopter, These results will then
refine FMDAS as well as evaluata the hardness vaviation of the full-scale
aircraft with sections of different non-metallic materials, By considering
the pretection needs impoged by discipiines ather than EMP or lightning
i.e., heat, life cycle, structural integrity, and laser protection), designs
satisfying wmore thap cne area are being evelved that truly optimize
protection/weight penalties.

During FY-82 end FY-83, the Wavy ¥F-14 and F-18 atrcraft will
uadergo full level TMP, lightaing, SCIT and (W curreat injection tests., To
date both the THRIDE[L} and the triangular surface patch modelingi{?] have
beer applied to the F-14 and ave currently beilng applied to the ¥-18, This
paper discusges available results from these efforts with particular emphasis
on the significence of:

Threat rise time variation
Material tvpe and distribution
variation

Matarial joint bonding variation

° Comparisen with mezsured results

t1] R.Holland, "Threde: 4 Frae Fisld EMP Coupling and bcatfer*ng Code"
fEF¥ Trans, Nuclear Science, Vol., NS-24, pp 24161421, December 197:

[2] S.M. Rao, "Electromagnetic Scattering and Radiatien of Arbitrarily-
Shaped Surfaces by Triangular Patch Modeling", PH.D. Dissertation, The
Uaviversity of Mississippi, August 1980
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EXPERTMENTAL CHARACTCRIZATION OF WiRE [NDUCEDR
CURRENTS FROM BULK CURRENT MEASUREMENTS®

5. R, RAEL
TRW
2340 ALAMO SE, SUITE 200
ALBUQUERQUE, NM 87106

Characterizacion of wire responses are usually required in order
to evaluate the survivability of a system., This Information zan
alszo be used for preliminary assessment purposes as well as a
basis for test point identification and selection to focus
system level test planning efforts. These wire responses are
typically inferred from bulk currents which are calcutated from
complicated computer code models which require extensive data
consisting of source terms, leoad terminations and wive routings.
There are many expressions that can be used vo Infer a wire
response from bulk calculations, However, these expressions or
ratios have been calculatzd from comnectors whose sampled wirs
measurements have been less than 100%.

This paper presents the results obtained during the recent F-1h4A
Svstem Test of bulk current measurements and wire current
measurements on all wires in several cables. The bulk moasure-
ments and respective wire distributions are shown., From these
data bulk~to-wire scaling rotias are develonad, and factors
affecting bulk~to-wire ratios are discussed. Comparisons
betwean thase ratios and those developed Trom previous tes?
programs are also presented.

This work was spansored by the Defense Muclesr Agency
Contract DHAODT-81-C-0093,



THEQRFTICAL AND EXPRRIMENTAL RESPONSE AVALYSIS
OF PERSHING 11 MISSILE SYSTEM CABLES 1O
Al EMP EMVIROIMENT

Eolando P. Manriquez and Robert F. Gray
US Army Electronics Research and
fevelopment Coumard
HARRY DIAMOND LARORATORIES
Adelpni, M 20783

Many ol the srmy systems that ave presently belng appraised for
high-altitude electromagne pulse (EMP} wvualonerability and hardening
are configured with signal and power cables thar extend between
system equipment and radiate out from the system when {t s tacti-
cally configured. These long cablea tend to be maximum energy
couplers and prime points of euntry for the FMP signals. System anal
ysis techniques to appraise vulnerability must rely on cirecuin a vsis
codes bo predict systew upsel and damage. Transmission line network
(TLH) representation of system energy drivers is an extremely afficient,
accurate, and compatible method of introducing EMP-coupled energy to

1

these circuil codes.

This paper di geg the free-field TLN analysia of a set of
shielded, multiconducter cables that interconnect the three missile
erector launchers, the platoon control center, and the power penarators
of the Pershing 1! mis e system.  The cable TLMs bhave been developed
by using the resulcts of the transmission iine code FREFLD' and the
scale model tacility at the Facility [or Research in Electromagnetic
fects (FRE l).'Z Moreover, the TLN code was modified to imelude the
rodeliing of the inner conduwctor cof the shielded cables whereby the
internal voltages can be calculated. The EMP responses of t cablies
were obtained with the scale model on s rurntable so that 2 sufficient
combination of orientations and exposuras was performed ro validate
the cable T1

&

The development of the TWH representation for multiple, intercon-—
nected aystem cables vepresents an important improvement in dealing
with the vulnerability analvsis of auny system. Comparisons of the
caleulated and experimental resuits will be

ponse of a Syetem of Uncoupled, Tuterconoected
ahles, larvy Diamond Laboratories, HDL-TR-1903, Occ. 79.

Cuneo, Jr., J. Loftus, Measurement of Scaled-Down Migh-altitude
tlectromagnet ic Pulse (HUEMP) Waveforms, Harey Diamond Laborataries
YOL-TM-8L-5H, Mar, &L,
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CURRENT DISTRIBUTION IN SHIELDED MULTICONDUCTOR CABLES

R. L. Hutchins, L. 0. Hoeft, and J. §, Hofstra
Tee DM Corporaticn, Albuguerque, New Mexico

Mititary systems comnonty use multiconductor cables. Determining
the response of these systems {o EMP often veguires estimates of
signals on individual conductors. This presentation addresses a
multiconductor cable with & fiexiblie metal braid external shieid.
internal conductors consist of shielded twisted pafr {3TP) con-
ductors whose shields are cotermingted to the overbraid at each
end.

The modet consists of a transmission Tine with a uniformly dis-
tributed voltage source due to external curvent excitation of the
overbraijd transfer impedance. The internal conductors are
modeledi?) as a stranded conductor. This mods! is appropriate

when the bundle cross section consists of & large number of uni-
formly distributed conducters. In addition, inductance proportional
to the length of cach STP shield termination is added at each end
of the individual conductors,

Experimental data ic basad on a one meter seciion of overbraid
with 1% STPs arvayed in three concentric layers. The STP shields
were coterminated with the overbraid at each end, The tevminal
common mede voltage response of STP interral conductors was
obtained in the 163-10° Hz range using a quadraxial test fixture.

Comparison of modei and test results is favorable. Results sbow
three phenomena. Below 10% Hz, the response 15 uniforn. Betwesn
10%-10%, results show a skin effect type response with maximum
response on the outermosi conductors. Above 10Y Hz, the response
is dominated by shield termination inductance.

(])Kaden. Ho, Wirbelstrdme und Schivmung in der Nachrichtentechnilk,
Springer-Vertag, 1959.




THE COUPLING OF ELECTROMAGNETIC FIELDS
TO MULTICONDUCTOR CABLES®

Jobn E. Tigner and Donsld F. Frederick

ELECTROMAGNETEC/RADIATION EFFECTS DIVISION
SCIENCE APPLICATIONS, INC.
1710 Goodridge Prive
McLean, Virginia 22102

A problem of continumed interest to the radiation effects
compunity iz the coupling of electromagnetic fields to multicon-—
ductor cables. The material and geometrrical complexity asscciated
with realistic multiconductor cable configurations has beretofore
precluded the possibility of perforaing a detailed analysis of the
distribution of expected currents and voltages.

in this paper, we will report the results of a series of
ationg performed on model multiconductor cables using the
code.  This code bas been developed to calculate the
caparitance and inductance matvix and the "elfective” heights of
arbitrary multicenductor cable configurations. The results of
these calculations, in co ation wirh the incidenrt electromag-

calan!

netic fields, provide the distribution of current (E-field) and
e

volbage (B-field) sources which can then be used to drive a multi-
conductor transmission line code to obtain the distributicn of
carren pd voltages. Under certain simplifying assumptions
{short cuit rermination impedences, spatially uniform electric
and mappetic fields, and a single propagation mode}, it can be
shown that the distribution of currents scales with the coupling
capacitances C.L i=} M, where:

»

are the elements of the capacitance matrix; hy, the "effec-

' height of the 3t gire; and N, the number of wires in the
multiconducror cable. An analysis of the coupling capacitance as
shtained frow the COUFLE code will then provide sufficient infor-
mation to quantify rhe distribution of curreots.

(1)5. E. Tigner, et al., [l
(1a80) .

Trans. Buc. Sei., NS-27, No. §

#ork supported by the DEFENSE NUCLEAR AGENCY under Contract
Number ON&00L-81-C-0005.
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A PARAMETREZC STUDY OF THE RELATIONSHIP OF INDIVIGUA
WIRE SHORT-LIRCUIT CURRENTS TO CARLE BUMDLE
CURRENT i MULTICONDUCTOR CABLES

oy £, Strayer, Jdr. and Michael J, Tostanoski
Mission Research Corporation
CoTorado Springs, CO 80507

0F particular interest in large system EMP analysis is the ap-
plicability of using bulk current measurements to bound the val-
ues of wire currents within the wire bundies.  The issues ad-
dressed in this paper are: {1} the effects of teemination m-
pedance at the far end of & wire on the shori-cirouit current
being measured: and {2} the relationship of vartability {ie. am-
plitude and frequency content) of the bulk current to the varia-
Bitity in short-circuit current

A mylticenductor transmissien tine code based on the works of
Sidney Frankel was run t¢ study the desired paraseters under
variods Toad and cable configurations. The results af this in-
vestiqation are compited to provide a first estimate of the ap-
plicabitity of wsing bulk cirrsnt seassrements for bounding the
short-circuit curvents used in E¥P voinerability assessments.

QEFERENCES:
5. Frankel, Response of @ Multiconducinr Cable to Excitation by
an Arbitrary Single-Freguency, Constant-Impedance Sowrce, {in-
Leraction Note 79), Fflectromagnetic Pulse  Interachd !
EMP3-5, Vol, 5, March 1873,

5. Frankel, Response of a Multiconductor Transmissio
Excitation by an Arbitrary Menochromatic Impressed
the Line, {Interaction Note &0}, Flechromagme
Eion HNotes EMP3-5, Wodl, 5, March 1573,

: ng
Pislsa Inkeriac-

R.E, Matick, Transmission Lines for Digital and Comnunication
Nelworks, Mchraw-Hi11 Book Company, 1969,



CABLE CURRENT BOUNDING IN AIRCRAFT EMP TESTS

Larry U, Scoty and Harold J. Price
Mission Research Corporation
Albugquergue, New Mexico 87108

A prelimipary empirical investigetion into the relationship
tetween peak time-domain pin (wire) currents and the corresponding
peak bulk currents indicates that a bounding relationship may ex-
ist; that is, the seak pin current is not more than a (to be speci-
fied) multipie of the corresponding bufk cable current. Further-
more, the available data Sugoest that this hound may be independent
of aircraft excitation level.

The timited data base available precludes meaningful statisti-
cal confidence to be assigned at this time, In addition, no data
was availabie on smali aircraft, so that extrapolation from one
aircraft type to another is not possible. HNevertheless, the re-
sutts strongly suggest that additicrmal tests [designed with the
bounding objective in mind) should be done, so that a quantitative
confidence can be associated with the resulting bound.

The concept of cable current bounds falis naturally into the
domain of non-parametric statistics. A random variabie is defined
a5 the maximum peak wire current in a cable., This variable, to-
gether with the corresponding peak bulk cable current, are plotted
&3 scatter plots. The bound appears as a straight line in these
plots, and nom-parametric statistics are applied to the results.

The establishment of a bounding relationship has many implica-
tions. For example, one oniy has to measure bulk cable currents,
thus, either much more data can be obtained for the same resources,
or the amount of data taken cam be reduced. In sither case, quan-
titative confidence in hardness will result.

Air Force Base, Hew Mexico 87117 under contract F29601-78-C-0082.
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BOUNDS ON CURRENTS AT TERMINATIONS OF A MULTICOMDUCTOR
TRARSMISSION LIRE EXCITED BY AN £XTCRHAL FIELD*

Ashok K. Agrawal
The Dikewood Corporation
Albuguergue, NM 87102

Carl E. Baum
Air Force Weapons Laboratory
Kirtland Air Force Base, New Mexico B71i7

Ant expression for an upper bound for currents at terminations
of a multiconductor transmission line excited by an external fielg
is presented. The currents at terminations depend on several
parameters; these include incident field, physical parameters of
the trensmission line and the surrounding medium, and the ipad
impedances. To obtain a2 bound for termination currents, norms of
matrices ano vecrors are used. The bound for termination currents
is expressed in terms of bounds for load impedances, the charace
teristic admittance matrix of the transmission Yine, and the dis-
iributed sources.

*This work supported by the Air Force Weapons Laboratory under
contract F29601-78-C-0082.



Selution of Transient Multiconductor Transmission Line

Problems by the Use of Diakoptics

Martin D. Bradshaw
EECE Department
University of New Mexico
Albuguergue, New Mexico
87131

ABSTRALT

The solution of problems invelving transients on
muiticonductor transmission line networks iscomplicated
because of the coupling which exists between the lines at
the junctions. The method of Diakeptics, which was
developed by Kron in the 58's (1) allows a system to be
split iato parts such that the coupling is not present
and these parts can be solved individually. These un-
coupled solutions, along with the topolegy of the inter-
connections, are then used to generate the solutions to
the original probilem. An example showing the application

of the procedure to a sample system is given.

References

f17  G. Kron, Biakoptics, The Plecewise Sclution of Large-




DIAKOPTIC TECHNIQUES APPLIED TO BRANCHED CABLE MODELING

KAREN E. BARDWELL AND JAY B, MILLER
THE BDM CORPORATION
ALBUQUERGUE, NEW MEXICO

The transient effects of Vightning, [MP, and SGEMP on branched
cables are commonly analyzed using models composed of parallel
combinations of distributed and tumped networks. This paper
presents an efficient solution technigue for calculating the
equivaient impedance and node voltages of such systems. The
technigue, currently being extended for application to non-linear
SGEMP analysis, is based on the theovy of diakoptics and House-
holder's methed of modifying matrices.

In essence, the concept of diakoptics is to solve a large network
by first dividing it into subnetworks, then solving each suybnet-
work separately and using Householder's method of modified mat-
rices to arrive at the correct solution of the entire connected
network. These steps are illusivated through an exampie ovoblem
consisting of a transmission Tine that branches. First, this
system must be divided into lumped and distiributed networks. The
termination impedances and the impedance discontinuity introduced
by the cable branching are each represented as a lumped network.
fach of the transmission line sections are wmodeled as distributed
networks. The second step is to compute the open circuit imoed-
ance matrices and voltage vectors for the seven separate net-
works. This is performed analytically for distributed networks
and by ciassical network theory for lumped networks. The tast
step in the solution process uses a simple aigebraic equation,
known as Householder's method, modifying these subnetwork para-
meters to produce the egquivalent impedance matrix and voltage
vector of the connected network. The same axample problem was
soltved using common transmission Tine ladder network models.

Comparing the example problem results obtained from each of the
sgliution methods illustrates that the diakopiic technique was
accurate and identified the foliowing advantages:

1. After determining the equivalent impedance matrix and volt-
age vector of a connected system, other networks oan be
added to the system without starting over.

z. Identification of subnetworks is simpie, therefore, the
process of setting up the problem is easy.

3. Since small matrices and simple algebraic manipulations are
used significant amounts of computer time and storage ave
saved in using the diakeptic technigue. This iz especialiy
true whern solving Targe scale problems.

4,  Unlike the ladder network model, the diagkoplic techmigque
does not decrease in accuracy with iacreasing Treguency.

3
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STMPLIFIED EMP SYSTEMS ANALYSIS USING
A PROBABILISTIC CIRCUIT AMALYSIS CODE

R. M. Randalil
3. C. Wunsch
The BDM Corporation
Albuguerque, New Mexico

A revised version of the Air Force Weapons laboratory - HANAP EMP
Circuit Aralysis Code was developed.]  The revised version included
a probabilistic assessment capability based on a Kaman Science Cor-
poration developed methodology.? A method of accounting for
estimates of empedance mismatch was also developed. The revised
code inciudes the Tollowing principal features in addition to the
basic capability of calculation of the component failure level
parameters and two-port network transfer function:

- Component failure-power levels with probabilistic models for
vange of data guality

- Circuit transfer function with uncertainty for model vaiidity

- Source amplitude prebabilistic distributicns

- Sourcefcircuit impedance mismatch effects

- Hardness margin distribution

- Pin level probability of survival calculation

« File search for scurce and component data to insure consis-
tency and ease of data updating

The presentation will include a summary of potential application to
system analysis including:

- Circuit sereening
~ Sensitivity studies
- Pin level probabilistic survival predictions

The code was used in failure screening analysis for over 10,000

cirouit predictions for the B-52 system.

1. The BDM Corporation, BDM/TAC-8G-630-TR, HANAPS User's Manual,
October 30, 1980,

2. B-52 Aircraft HPD/VPD System Level Test (Phase I1) Post Test

Analysis SORL-A-026 and A-027 (SECRET); Wolfgany Berenter,
Kaman Sciences Corporation, March 20, 1960.
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ESTABLISHING MINIMUM BURNOUT THRESHOLDS

Jerry T. Lubeld
Missien Research Corporation
3720 Sinton Road
Colorado Springs, €O 89907

Recent EMP assessments have used orobabilistic methods fo assess
the EMP susceptibility of s;stems and to support determination
of hardening requirements, In the preobabilistic approach,
analyses and/or tests are used Lo estimate probabiiity density
functions for the EMP  dinduced stresses and circuit burnout
threshoids, The appropriate density functions are then used to
estimats pin survival probabilities which are in turm used o
determineg hardening requiremenis.

If continuous probability density functions are used, the dis-
tribution tails (far from the means) often control the survival
prababilities and hardening requirements, even when there are no
data or physfcal models to support the shape of the extremes of
the distributions. In such cases, the probabilistic approach
can Tead to an itappropriate set of hardening requirements,

In this paper, a procedure is presented for establishing minimun
burnout thresholds. The minimum burnoutl thresholds can be wused
to tryncate the threshold probability density funciions therehy
reducing or eliminating the sensitivity to the extresmes of the
distributions, It is shown that, for many circuit topologies,
the minimum burnout threshold is a function of only breakdown
voitage and the circuif topology. Thus a detailed parts damage
model and associated parameter values are not required. Several
exanples are shown to illustrate how the minimum burnout thresh-
olds are established.

This approach, in the context of a total system hardening prob-
lem, potentially fiwmpacts the assessment approach, the hardening
requirements, the hardening approach, and the hardness assur-
ance, maintenance, and surveiilance procedures.

1. D. Guice and J, Lubell, "8.52 EMP Hardening Program," DONA
EMP Simutation and System Hardening Symposium, October 1980,

*  This work partially supported by the Defense Nuclear Agency
under Contract No. DNAQOL-B0-C-0354,
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ABSTRACT {HEM)
"USING LIMITED SAMELE EMP DAMAGE THRESHOLD TEST DATA"*

T. J. ZWOLINSKI, THE BDM CORPORATICH

toncluysions and inferences which may ba made based on single-
sample "black box" EMP dawmage threshold data are presented. The
conclusions vesylt from using the test data in an aggregate sense
as a weasure of analytical prediction capability. The results
are largely based on statistical techniques as described by
Ashley. !

Tests were performed at the AFWL divect-drive laboratory to
determine damage threshelds on approximately 200 circuits from a
sample of 22 B-B2 LRU's. Test results will be presented along
with a comparison to the circuit enalysis tachnigue used to
provide pre-test failure predictions. Although on an LRU by LRU
basis the confidence/reliability Tigures for the damage thresheld
are fow, when the tesi data are aggregated and viewed as a
measure of the analysis validity a sufficient sample size is
available to state high confidence conclusions. For exampie the
rosults indicate that there is G0F confidence that better than
99% of the analyses will be within a known small error margin.
The analysis atiempts to maximize the paycff from the test by
using iaboratory failures as well as the more populous no-fail
data. Statements which can be made with low confidence con-
cerning individual circuit thresholds will also be presented.

Yishley, €., "Confidence and Reliability in an Infinite Population,”
System Design and Assessment Notes, Mote 3.

*Work performed as part of Air Force coniract F33657-30-C-0060

under subcontract B-BOT285-9166 to the Roeing Military Airplane
Company .
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DETERMINATION OF FATLURE DISTRIBUTION PARAMETERS
FUR EMP CIRCUIT ANALYSIS

E. W. Entow and 0. C. Wunsch
The BOM Corboration
ATbuguerque, New Mexico

The analysis techniques for system response in an EMP environment
have been continuousiy refired. Circuit response models for high
injected current levels are more accurate., A great deal of test
data from divect drive of comporenis and subsystems and EMP simu-
iator drive of systems have been collected. With this additional
data it has become worthwhile Lo ailtempt to make probabiiistic
calculations for hardress margins or probabilities of survival.
To perform such calculations one would Tike distributional data
both far the source drive and for the component failure.

As @ part of the B-52 EMP Assessment Program a study was made of
the component failure distributions. This paper presents vesults
of that study.

Failure analysis of semiconductor devices in the B-52 program used
the tognormal distribution for both the drive and failture thresheld
distribution. Conservetive gstimates of the pavameters of the
tognovmal distribution were used in the analysis. The mean of the
fatlure threshold distribution was chosen by employing faiiure
models and semiconducter test data. A conservative siandard devia-
tion was chosen, which was a functien of the mean by examining

the spead of test data semiconductor failure distributicns. Since
estimating parameters are not exact, the analyvsis also considered
distributions on the mean and standard deviation. Folded normal
distributions were used, where the estimate of the mean is the

mean of The normal distribution and a standard deviation for the
normal distribution was estimated which represented the spread of
the mean. This methodolocy allowed probabilities of suyrvival to

be calcutated by random sampling of the narmal distrihbution. Al
parameter estimation in the anaiysis was performed to yield stlatis-
tical inferences with 90 percent confidence.

REFERENCES

1. D. R. Alexancer, E. W, Entow, and R. 3, Karaskiewicz,
“Statistical Variations in Failuve Thresholds of Silicon WPH
Transistors Subdected Lo Dlectvical Overstress,” IECE TRANS-
ACTIONS OH NUCLEAR SCIENCE, Valwme, NM-27, December 1980

2. D, R. Alexander and E. W. Enlow, "Predicting Lower Bounds on
Failure Power Distribution of Silicon NPN Transistors," IEEE
TRANSACTIONS ON NUCLEAR SCIENCE, Vol. NS-28, December 1987,
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EOS/ESD FATLURE THRESHOLD ANALYSIS ZRRORS,
THEIR SOURCE, SIZE, AND CONTROL

Fdward L. Horgan, Orvis E. Adams,
William 4. Rowan, and Lance C. Templar
TRY Defense and Space Systems Group
One Space Fark
Redondo Beach, falifornia 20275

{213) 536-3135

Abstract

Circuit EGS/E5D failure threshoids define the minimum overstress
level required to dawage a semiconductor. The thresholds are calcu~
Tated using conventional circuit analysis and semiconductor device
damage models, which are synthesized from experimental data, and are
based on the principles of semiconductor device physics. This paper
examines the accuracy of calculated failure thrasholds, identifies
the source and magnitude of analysis errors, and sugoests techniques
for improving analysis accuracy,

How can we minimize the uncertainty in analytically determined
fatlure thresholds? First, assuming that the popuiation variation
is not excessive, approoriate specifications could be placed on
device parameiers. For example, destructive testing could be done
on 3 sample of devices to establish acceptability. Alternative
appropriate non-destructive measurements could be used it these can
be shown te accurately predict failuve thresholds., We should also
determine and use such non-destructive measurements to calculate
failure thresholds, and te minimize estimation errors.

The main source of the uncertainty in calculated failure thresh-
old is due to the inaccurate device failure models. A first order
improvement in models way possihle be achieved by understanding
electrical second breakdown. Does electrical second breakdown veally
occur in electronic systems subjected to a shovt time duration threat?
If not, then the failure modeling problem may be much less complex.

Many other sources leading to variability and errors in calculated
threshold can be controlled by using presently avawiable techniques,
white others will require further wark.

Errors in device failure modeling, probably due to different
faiiore mechanisms, controlthe accuracy of failure threshold
znalysis beacuse techniques and procedures are available to make
errors in all other elements of failure threshold analysis small.
An enhanced understanding of failure phenomenclogy based on
principles of device physics is pivetal to improving the accuracy
of calculated £0S failure thresholds.
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A HIGHLY EFFJCTENT CONDUCTED SUSCEPTIBLILITY TEST PROCEDURE®
E. PAUL CRIVINGTOM AND PAUL 0. MILLER

TRY TNC.
2340 Alamo S.E., Suite 200
Albuguergue, New Mexico 87106

The procedure for verifying that electronics boxes meet their EMP
and SGEMP conducted susceptibility requirements has taken many
forms. for o complex system, buiit by multiple asscciate
contractors, this results in inefficiencies in interpreting the
data and comparing the data to specitications, The purpose of
this paper is to describe a concept of standard current Injection
test procedures. 1§ adopted, these standard procedures would
facilitate the use of comron Lest eguipment, coupling methods, and
approaches to data interpretat lon.

The proposed standard emphasizes minimization and simplification
of test configurations and test waveforms while sti1] satisfying
the veriflcation requirements. For Instance, the specific case
anaiyzed has Interface reguirementis described as a contimuun of
damped sinusoids for EMP and a set of trapezolds for SGEMP. In
order to evaluate eguipment, using previous test methods, a very
large number of test waveforms, both sThusolds and trapezoids,
would have to be generated. HMowever, our meihod raguires only
three waveforms (typlcail), and the waveforms need only be
trapezoids., Our methad Is straightforward and can be used with
any sel of system speciflcations. In our specific case, the EMP
sinusoids and SGEMP trapezolds are merged in the freguency domain
into an overall peak envelope. Then, a set of trapezoidal
viaveforin transforms are 'fitted” to the ervelope, resulting in a
minimun set of test waveforms. Drawbacks do exist, and the
resulting impacts and trade~offs are discussed in detail for our
specific case.

The proposed standard procedure also defines a mininum set of test
configurations, including: conmon and differential mode passive
testing, common and differential mode upset testing, and burnout
testing. A complete set of guidelines are given which fdentify
the configurations which are necessary and sufficient for any
given casa,

This work was performed under Contract MNo. FOL704-R1-C—0016
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WAVEFORM CONVERSION TECHNIQUES FOR EMP-INDUCED
PIN SIGNALS

Roeland E. Thomas and Wolfgang Berauter
Kaman Sciences Corporation
1500 Garden of the Gods Road
Colorade 8prings, CO 30933
(303)599-1714

ABSTRACT

Interface circuit EMP damage thresholds are commonly expressed
in terms of damped sinuscidal waveforms. The EMP-induced ipterface
waveforms measured in the course of system—level EMP tests are
wsually rather complicated, broad-band signals. This paper deals
with technigues for couverting EMP-induced waveforms into damage-
equivalent damped sinusolds so that interface safety wmargins can
be derived using the same waveform.

Four thermal response models are derived using Duhamel's
linear, transient heat transfer theorem and general semiconductor
device thermal damage parameters. These models are first applied
using a damped sinusold to obtain functions which describe the
major features of the resulting thermal response. Next It is
shown that the thermal response produced by typical EMP-induced
waveforms can be adequately approximated by the same functions.
Thus the thermal models provide damage equivalence relationships
batween EMP-induced waveforms and damped sinuscids.

Application of the method is illustrated using waveforms
meagured in the B-32 EMP Raseline Test. The techniques do not
depend on detailad knowledge of specific devices since the
parameters of the damage—equivalent damped sinusoids are not
strongly dependent on the thermal model used. For example, the
amplitudes of the damage-equivalent dawped sinusoids produced by
the four thermal models agree within a few dB.

The method produces a two-parameter family of damage-—
equivalent damped sinusoids, For most interface circuits the
remaining free parameter can be selected in a variety of ways
without significantly affecting the resulting safety margin cal-
culations. Several possible methods of selecting the free param-
eter are presented and their implications in EMP assessment
discussed.

In sum, the method is completely general, is based on fundamental
device thermal damage characteristics, and is computationally easy
to implement., The application of these techniques in system—level
EMP assessment and testing is illustrated and described in detail.
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HMODELTNG BURIED CIRCUIT COUPLING WITH
THREE WIRE TRANSHMISSION LINE THEORY

Lance C. iplar and Katlherine . Hgin
Thi Defense and Space Syst Giroup
One Space fark
Redondo Beach, California 90273
1213) 535-0819

threshold of electronic systems

tic pulse {NEMF) induced current
atic diagrams for
tics not
etermining

exaitation,
raly re

Techniques for predicting the damegs
exposed to nuciear weapon eleciroma
and voltage waveforms rely on availabie s¢
description of the cirvcuitry. Unfortunately, these schem
include the parasitic elements that play a melor rale dn
the circuit response to the higher frequencies of the HE
Meglect of these parasitics during an assessment will gen
in underprediction of the circuit lage threshoids because tha Uﬂrd—
sitics function to shunt the censitive devices
imbadded in the circuit. How inoscme cases the parasitics may
serve to couple energy & sensitive area of the civeuit which, according
to the schematic, is well isolated from the excitaiion port. This
portion af the civcuitry is caifed a “buried cirouit." In
buried circuits an analysis based solely on the civouit sch

result in overprediction of the damage threshold which 5 upaccep ab =N
d

In this paper fhree wire tranimission line theory {C. R, Paul, IfcE
Transactions on Electromsgnetic Compatibility, Volume EMC-20, No,T,
February 1578) 15 used to moded buried circuit coun1ﬁng and the ro
termination iwpedance and conductor geometry play in Hctermlrwng :
nature of the seiution is exploved. Then a "worst case! (owflquxatwan
iz examined and the resuli is screened against the Tailure fevels of

a number of commonly used part types for several input threat fevels.
It is shown that for threat levels on the crder of a few amps in a
system of woderate complexity, buried circuif fatlures, if they
aoclir at all, will coccur only in a few isolated cases.
methodology for catclitng these Tsolated ¢ whicn uti
Tevel test vesults and the results of an analysis perfo
hasis of circuit schematics 7% proposed
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FAILURE AMALYSIS OF SEMICONDUCTOR DEVICES
IN EOS/ESD TESTING

E. L. Horgan and T, S. lLin
TRW Defense and Space Systems Group
One Space Park
Redondo Beach, California 92078

Flectrical overstress/electrostatic discharge {EQS/ESD) testing of
electronic systems is freguently employed to confirm the accuyracy of analysis
predictions of circuit failure thresholds. This paper presents a procedure
to probabitistically determine whether these test-induced failures were due
to normal test procedures or some unidentified action. The analysis con-
sists of a combination of physical examination and electrical and thermal
analysis of the failed device to determine the probable Tevel of failure and
the mechanism and site of failure.

Presented here is a descripiion of the analysis procedures and their
application to a semiconductor part that failed during an aircraft subsystem
£QS test. The major elements in the failure analysis consist of (1) inspec-
tion of the device through microscopic examinalion for physical anomalies,
{7} nand and computer analysis of the device chip, and chip to header, and
{2} probability statement of the failure resulls.
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A COMPARLSOR OF THE COMPUTER RESOURCE REQUIREMENTS AND PERFORMANCE
OF SEVERAL FINITE DIFFERENCE PROBLEM SPACE BOUNDARY CONDITLIONS
BY
ROBERT FISEEXR
PAVID E. MEREWETHER
Electro Hagnetic Applications, Ine,
1025 Hermosa Drive SE
P.0. Box 8482
Albuguerague, New Mexico A7198

This paper will cempars the computer Tresouree requirements and relative
performance for several boundary conditions suitable for truncation of finite
difference grids in EMP calcalations., Comparisons will be made of rhe "soft
lattice” condition used by Taflove and Brodwin {Ref 1}, the far field radiation
trestment by Merewether |[Ref 27 and the "highly absorbing” condition recently
proposad by Mur [Ref 3].

The soft lattice condition extrapoiates back stored fields at points
ingide the bourdary to the grid houndary. This technique also incorporates
field averaging to minimize the cffect of varistions in the arnple of incidence
of the cutgoing wave at the boundary. The vadiation condition extrapelates
fields inside the grid to Ejalds at the boundary by assuming that only outward
poing waves are present: = f({t-R/cI/B. The radisl attenuation of the fields
is an important improvement over the soft lattice rconditisn in many problems,
but this approach does not yield good resulrs when the probien space boundary
is very close to the extremities of the scatterer.

The highly absorbing boundary conditicn uses a second order approximation
for the boundary fields devived frow the scalar wave equation. This technique
takes inte account the propapatieon direction for the outgoing wave hut does not
treat the fall-off of the ampliruvde with distance.

The relative computer memory reguirements and required execution time for
each boundary condition will be compared. Also, the relavive accuracy of the
computations will be compared for sample preoblems in two-dimensions.

1. A. Tafleve and M.E. Brodwin, "Numerical Solution of Steady-State
Electromagnetic Scattering Problems Using the Time-Desendent Maxwell's
Equations”, IEEE Trvans. Microwave Theoyy Tach., UD MIT-23, pp. 623-630,
Aug 1975, T -

2. D.E.Merewether, "Transient Currents Induced on a Metallic Body of
Revolution by an Electromagnetic Pulse.” LEEE Trams.Electromagn.Compat.
Vol. EMC-13, pp. 41-44, May 1971,

3. G. Mur, "Absorbing Boundary Conditions for the Finire-Difference
Approximation of the Time-Domain Electromagnetic-Field Equations", IEER
Irans.Electromapn, Compat., Vol. EMC~23, Nov, 1981.
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MODEL ING THE X-RAY DEPOSITION REGION
8Y NUMERICAL INTEGRATIOM OF THE BOLTZMANN EQUATION

W. R. Zimmerman
flectro Magnetic Applications, Incorporated
P. 0. Box 8482
1025 Hermosa Drive SE
Albuquerque, New Mexico 87198

Most numerical solutions of the X-ray deposition problem have
involved either cloud-in-cell macroparticie techniques Or pre-
scribed source techaigues. Macroparticle approaches often require
10% - 10° particies te reduyce the simulation noise to a reasonable
tevel and therefors can be quite costly for a muliti-dimensional
problem. Prescribed sowrce technigues are cheaper but do not
achieve a self-consistent solution. More recently, attempts have
heen made to model the X-ray deposition region by a set of fiuid
equations. This approach offers large savings in computer time
but requires assumptions on the form of the distribution function.
An atternate approach is to integrate the distribution function
directly. This approach has been dis%u§sed by Higgins, Longmire
and 0'Del1{'} and was used by Holland‘?) to investigate the
effects of secondary electron emission.

In this paper, the Boltzmann equation in the form
gt T T {(af} = Sources - Sinks

will be numerically solved on a LSI 11/23 processor by weather
differencing in two svacial dimensions. The algorithm is stable
and allows arhitrary object boundary conditions to be installed in
a natural manner. The response of a cylindrical cavity to X-ray
induced electron emission at various air pressures and pre-
ionization levels will be shown.

1. D.F. Higgirs, C.L. Longmire and A.A. 0'Dell, DNA 32187,
November 29, 1973,

2. R. Holland, IfFE Trens. Mucl. Sci., Voi. NS-23, Ho. 6,
December 1976, py. 1927.
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NETWORK ANALDG SOLUTTON OF MAXWELL'S EQUATIONS
IN CONDUCTIVE MEDIA

AUTHORS: fzva B, Mann, The BDM Corporation, Albuguerque,
New Mexico

In recent times network anaicgs have become an in-
creasingly popular tool for solving the differential forms
of Maxwell's eguations in one and two speciai dimensions.
For probiems exhibiting azimuthal symmetry, e network
analog has written that is relatively straight forward to
implement on a circuit code.

Maxwell's Equations are first written as incident and
total Tields to include the curvent density from conduction
J = 5E, and any source current terms, J. The difference
between these two sets of equations yields the scattered
fields as a function of the incident fields. These equa-
tions are, in turn, rewritten in finite difference form. By
redafining terwms, the eguations are cast into a network
analog form, The electric and magretic field variables are
transformed into those of curvent and voltage, respectively.
The analog has a resistance in the R and 7 directions that
is proportional to the conductivity of the particular
medium. The incident electric field is transformed into a
voltage source that is also proportional to the conductivity.

Conductive boundary conditions are met by making the
connecting resistors very large so that the tangential
electric field {current) goes to zero. At the free space
boundary, the terminating resistance is given by the char-~
acteristic impedance of the transmission line,

An overview of the network analog approach will be
presented., The appropriate network analog will be applied
to several examples including & dipole antenns in free
space, an antenna in a conductive medium and an antenna over
a ground plane.
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APPLICATION TO MODEL ORDER REDUCTION TECHNIQUES TO
NON-LINEAR METWORKS

AUTHOR: [r. Sherry D. Frese, The BDM Corporation, Albuguerque, MM

The techniques of model order reduction were originally derived for
use on ifarge scale linear resistive circuits., By combining these
techniques with the Newton-Raphson iteration scheme, it is possible to
achieve many of the advantages of model order reduction for nenlinear
problems.

As in the Tinear case, we consider a Tumped distributed network,
break it into pieces, compute solutions on the pieces, and then combine
the solutions. However, in the nonlinear case, the admittance function
used is not a matrix so that Householder's method cannot be applied
directly, but it can be used effectively with Newton-Raphson.

One of the drawbacks to Hewton-Raph$on is that it requires the
inversion of a Jacobian matrix which changes with each iteration. For
a iarge network problem, this matrix may be quite extensive, which
frequently makes use of Newton-Raphson prohibitive.

One straightforward application of model order reduction is in this
inversion, by removing nonlinesr branches from the network, computing
the solution on the linear portion and then reinstating the nonlinear
branches ona at a time, wodel order reduction formulas may be used to
increase the speed of the Newton-Raphson. In addition, by first solving
the linear portion of the problem and using its sclution as the initial
quess, 1L becomes possible to reduce the size of the problem given to
Newton-Raphson by eliminating all but those nodes directly invoived in
the nonlinearities. This then mimics the linear model order reduction
in jts saving in space and its conceptual advantages.

A thorough exposition of the technique as well as an example of its
application will be provided.
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A FINITE DIFFERENCE APPROACH TO APERTURE MODELLING
IN ELECTROMAGHETIC COUPLING CODES

AUTHOR:  Marityn Slaubensklee, The BOM Corporation,
Albuguerque, NM

A powerful alternative to the traditional analytical
and/or numerical (method of moments) formulaticn of electro-
magnetic aperture coupling problems is the finite differenced
time domain technique of computer solution. 7he technicue
involves solving the initial value problem af & scatterer
irradiated by some time dependent electromagnetic pulse.
First, the entire problem space fs gridded into a lattice;
then, the vesponse is iteratively propagated in time for
each lattice point according to Maxwell®s time dependent
finite difference equations. This technique of solution
allows direct modelling of apertures and conceptual sim-
plification of the physics of this problem. The aperture
can simply be modelied as & magnetic curvent source {ac-
cording to classical aperture theory} and allowed to pro-
gressively couple througheut the lattice.

The significance of aperture field penetration will be
addressed using the three dimensional, cartesian, ejectro-
magnetic coupling code - POLYANA. (W. R. Zimmerman, “User's
Guide to POLYANA, Version 1," BIM/A-WRZ-0894-81, February
4, 1981}, This code was developed as a general purpose
eiectromagnetic code suitable for determining the [MP
{electromagnetic pulse) response or SGEMP {system generated
etectromagnetic pulse) response of weapon systems in order
to insure their shielding effectiveness. The code solvaes
Maxwell's equations using a finite difference technique and
a scattered field formulation to determine the field res-
ponse of a scatterer subjected to incident EMP or source
region driven Compten current.

Getails of the implementation of aperture sources into
POLYANA will be presented along with verification of the
modelling procedure. Results of apertyre field penetration
into a cubical cavity and the resultant cavity excitation
will be presented and compared with other numerical treat-
ments. A more realistic scatterer wiil alse be treated. The
advantages and limitations of this modelling technique will
be given to i1lustrate its effectiveness.
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SIMPLE FOURIER INTEGRAL TRANSFGRMS

BUTHOR: Harald J. Wagnon, The BDM Corporation, Albuguerque, WM

The methods discussed in this paper are not new. The purpose of
this presentation is to call attention to properties of some
simple Fourier integral transform technigues. The term Fourier
integral transform {FIT} is used to distinguish these methods
from the fast Fourier transform (FFT)}. There are many situations
in the analysis of trapsient waveforms in which the abilities to
use unequally spaced time samples and to specify arbitrary fre-
quencies are preferred over the speed of the FFT.

Mumerical Fourier integral transforms are approximations to the
continuous, analylbical Fourier integral {the FFT is an approxi-
mation to the analytical integral toe; but, in addition, the FFT
is in itself a true transform). The approximation lies in the
fidelity of the fit to the transient curve from which a Fourier
transform is wanted. Thus a trapezoidal Fourier integral trans-
form calculates the exact Fourier transform of a straight line
fit to sample points. Guillemin's technique (1) Teads to the
same results: the exact Fourier transform of a straight line fit
te sample points.

The integration of straight 1ine segments leads most naturally to
a summation of line slopes multiplied by the difference between
complex exponentials; the Guillemin derivation 1eads most natu-
rally to a summation of compliex exponentials multiplied by this
difference between slopes. In both cases, the summation is
divided by the sguare of the angular frequency.

Although both the straight iine integration between points and
the application of Guillemin's technigue lead to identical
results, the Guillemin technique formulation is more efficient
for general calculational purposes and even lends itself to small
programmable calculator computations.

1. Guillemin, E. A. "Computational Technigues which Simplify
the Correlation between Steady State and Transient Response
of Filters and other Networks® Proc. National Electronics
Conference, 1953, Yol. 2, 1954,
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STABLE FINITE DIFFERENCE SOLUTIONS FOR ELECTROMAGRETIC
SCATTERING PROBLEMS BY FILTERING THE RADIATION BOUNDARY
IN THE TIME DOMAIN MAXHELL EQUATIONS

Steven R. Rogers
Terence H. Rudolph

Electro Magnetic Applications, Inc.
P. 0. Box 26263
Denver, Colorado 80226

Finite difference solutions for scatiering problems approximate the
radiation boundary in a number of fashions. The approximate treatment
of the radiation boundary introduces noise into the problem space which
contains the scatterer. The noise generated ultimately causes an insta-
bility in the numerical solution of Maxwell's equations. The spatial
resolution determines the frequency of the noise generated at the
radiation boundary.

A low pass single pole digital filier which operatss on the
magnetic fieid components at the radiaticn boundary effectively limits
the generation of noise. The cuteff of the filter is chosen so as Lo
eliminate frequencies above the resolution of the finite difference
code. This dncreases the nuwber of fime steps which can be faken
before the noise induced instability occurs. This wethod has heen
used to stabilize a 3-D code with rectangular spatial cells out to
8000 time steps. In addition, use af the methed, results in negligibie
additional computer memory or rua tipe, The method has been checked
against the analytic results of Baum® for a perfecily conducting sphere
illuminated by a plane wave step function. 1t has aisc been checked
for a perfectly conduciing flat plate iituminated by a plane wave
step Tunction.
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MUMERICAL MODELING OF A PRIMITIVE SIEGE SIMULATOR*

E. K, Miller, H. 5. Labayan, 6. J. Burke, and ¥. A. Johnson
Lawrence Livermore National Laboratory
Livermore, CA 94550

The capability of modeling buried and partiaily buried wires has
recently been added to the Numerical Electromagnetics Code (G.
J. Burke, et. al., “An Efficient Numerical Method for Modeling
Buried and Partially Buried Antennas", National Radio Science
Meeting, Boulder, Colorado, Jan. 1982}, This capabilify will be
used to analyze a primitive model of a SIEGE simulator. This
model consists of a horizontal wire with veltage source. The
ends of this wire terminate on a vertical twin wire transmissiaon
Tine which penetrates the earth to a finite depth. Performance
studies of this model will he made as both the simulator and
earth parameters are varied.

*Work performed under the auspices of the U. S. Uepariment of
Energy by the Lawrence Livermore Nalional Laboratory under
contract numher W-7405-ENG-48,
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ELECTROMAGNET[C SIGNAL PROCESSING: A TRANSIENT
[DENTIFICATION PROBLEM*

J, V. Candy
Lawrence Livermore National Laboratory
Livermore, CA 94550

J. E. Zicker
Lawrence Livermore Mational Laboratory
Livermore, CA 94550

Signals generated from the Lawrence Livermore National
Laberatory, Electromagnetic Transient Facility vield a unique
set of signal processing problems. The signais are transient in
nature, noisy, and cannot be measured simultanecusly with the
excitation; therefore, the basic identification probiem is
further complicated.

In this paper we describe various approaches Lo solving the
transient identificalion problem using existing technigues, We
apply algorithms, both recursive {on-1line} amdl off-line, to a
representative neisy, transient, electromagnetic signal., The
performance of each technique is evaluated using a criterion
based an the resuiting "fit" of ihe data set.

*lork performed under the auspices of the U, 5. Department of
Energy by the Lawrence Livermore National Laboratory under
contract number W-7405-085G-48,
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THREE-DIMENSTONAL COMPUTER MODELING OF ELECTROMAGNETIC
FIELDS: A GLOBAL LOOKBACK LATTICE TRUNCATION SCHEME*

R. W. Ziolkowski
Lawrence Livermore National Laboratory
Livermore, CA 94440

N. K. Madsen
lLawrence Livermore National Laboratory
Livermore, CA 94440

R. {. Carpenter
Lawrence Livermore National Laboratory
Livermove, CA 94440

A new lattice truncation scheme for the finite difference time
domain approach to the solution of Maxwell's equations has been
develoned., The problem space 15 truncated near the sources and
the field components en its boundary are generated from those
field valups known at retarded times on an interior surface one
cell from it with an integrai representation of the
electromagnetic field. The numerical implementation of this
giobal lookback scheme is discussed, Examples which have been
used to determine its characteristics and its validity are given.

*Work performed under the auspices of the U, 5. Department of
Energy by the Lawrence Livermore National Laboratory under
contract number W-7405~ENG-48.
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PHASED GAMMA RADIATION-DRIVEN COAXIAL CABLE RESPONSE

C. M. KIGGINS
THE GOM CORPORATION
ALBUGUERQUE, NEW MEXICD 87108

Gamma vay photons intevacting directly with electrical cable
shields, dielectrics and conductors cause currents toe flow into cable
loads. The prediction of radiation-induced signals on cabies requires a
model which properiy treats the photon-driven electron transport in the
conductor/dielectric geometry, translates the transport into current
drivers on the conductors and inio iransient conductivities in the
dieiectrics and air gaps, and then propagates the induced current
drivers to the cable terminations. Such a model is typically very cable
specific and costly to run. e have constructed a simple, approximate
model for the radiation transport from which we obtain the current
drivers. NET-2 is ysed to medel coaxial cable response ta these curvent
drivers. Several effects ave included in the moded: propagation loss
due to transient dielectric conductivity and the effect of cable terngth
on cable response.  For example, we pressnt results showing enhanced
cable response when the angle of incidence of nlane wave gamma radiation
s such that phase delay is introduced into the current drivers, Other
results will alss be presented,
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RADIATION RESPONSE OF CABLES WITH
RESTDUAL AIR-FILLED GAPS

AUTHORS: D. Lyna Shaeffer, Fzra 8. Mann, Freddie W. Smith,
The BOM Corporation, Albuguerque, Mew Mexico

The manufacturing process for cables often results in
the formation of gaps betwsen the shield and the dielectric
which may enhance the x-ray response of a cable. Consequently,
attempts have been made to fiil the large gaps with a jow
atomic number diefectric. However, oxperiments have shown
(T. A. Stringer and C. A. Eklund, IEEE Trans. Nucl. Sci.,
NS-28, December 1981, pp. 4262-4268) that this process is
also imperfect and residual gaps of several micron widths
persist. The effect of gaps on the x-ray response of a
cable has been studied by various investigators and indeed
found to enhance the response of a cable (reference above;
C. E. Wuller, L. C. Neilsen, D. M. Clement, IEFE Trans.
Nucl. Sci., NS-25, August 1978, pp. 1G661-1067).

The present work simulates in detail the electrical
response, due to an incident triangular pulse of x-rays, of
an elemental section of coaxial cable containing residual
gaps. The currents in the gaps are modeled with the aid of
a 3-D numerical simulation code. Primary electrons are
modeled as macroparticles and secondary electrons are
nodeled with swarm theory. Electron currents injected into
the gap are obtained from QUICKEZ-M. Various geometrical
configurations based on previously reportsd experimental
results {refererce 1) are used to represent the gap. Sev-
eral gaps are assumed to be distributed azimuthally around
the cabte in the manner proposed in reference 1. The
primary electron current in each gap becomes the current
driver for an equivalent circuit model for that gap. ATl
the gaps are combined into a single eguivalent circuit
model for the nonlinear x-ray response of an elemental
section of coaxial cable containing air gaps. The total gap
currents and short circuit current are calculated as a
function of time., The peak short circuif current is pre-
sented as a function of photon fluence and pressure for
various gap widths and biackbody temperature of the incident
photon spectra. A conclusion drawn from these calculations
is that, uniike the vacuum case, the cable response with
air-filled residual gaps may be less than the response of a
perfectly filled cabie.
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SREMP RESPONSE (F CABLE~LIKE STRUCTURES

M. Buspell, R Gray, E. Manriquez
Go Merkel, and W. D. Schari
US Brmy Blectronics Research and
Development Command
HARRY DIAMOND LABORATORIES
adelphi, MD 20783

George Baker
Defense Wuclear Agency
Waghington, DC 20305

The best method of experimentally investigating the regponse
of a large system to a nuclear surface burst would be to expose
the system to an actual burst. This is illegal at the present
time. The largest spatial expanse of time-varying air
conductivity suitable for source-region EMP research is that
produced by bremsstrahlung in the AURORA test cell. This abstract
dascribes a series of short-circuit curresnt response measurements
on a number of cable-like extended structures in the AURORAR test
cell.

A cable-like brass pipe structure was extended from the back
of the AURORA test cell toward the AURORA hot spot during a series
of AURCRA shots. During the shots, current response measurements
were obtained for both closed-circuit and open-circuit
configurationg and for a range of “cavle"™ lenghts. The response
of the cable-like structure was interpreted with both an
equivalent-circuit technique and a finite-difference code.
Implicaticns for simulation of source-region EMP interaction and
also for prediction of cable response to source-region EMP will be
presented. Similar cable response measurements are planned in
March for the electron injection mode. 7

M. Bushell, 2. Graybill, K. Kerris, ¢. Merkel, W. B. Scharf, and
b. Whittaker, The Direct Injection of Electron Pulses into Rir--h
SREME Simulation Tool, IEEE Proc. Thnird Int. Pulsed Power
Conference, June 1981.

¥. Bushell, R. Manriquez, G. Merkel, and W. D. Scharf, Simulated
Deep Source-Region EMP Coupling to Cylindrical Objects, IEERE
Trans. Nuc. Sci., NS-28, No. 6, p. 4457, Decamber 1381.

* This work was sponsored by the Brmy and BHAE under Subtask
XI90AXVD/EMP Vulnerability Hardening and Testing and Subtask
XIQQAAVC/EMP Environments and Coupling.
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EFFECT OF TRANSLENT RESISTIVITY CHARACTERISTICS
OF METALLLC CONDUOTORS ON SREMP
COUPLIRG TO UNDERCROUND CABLES

Timothy M. Rvune

TRW, Inc.
M/8 R1/2186
One Space Park
Redeado Beach, CA  B0278

Previous caleulations of sourcae region coupling to underground cables
have typically ignored the transient reslstivity response of the cables
due to the gource reglion excitation. We have self-ronsistently
calculated the response of underground cables to source rveglon
excitations utilizing empivical results from exploding wire
investigations., It is found that for particular cable parameter
domains, transient resistivity effects can drastically reduce the
magnitude and time duration of induced currents on underground cables.
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SREHP COUPLING TO BURIED caBres’

- A Linear Hodeling Approach -

Dennison R, Bernotski
and
Francis £. Lenning

The Boeing Company
P. 0. Box 3707, H/S 13-07
Seattie, WA 98124

An important problem of current [MP interest is coupling of SREMP fields
te buried wires, such as power or communicatson cables, near hardened
facilities as iVlustrated below. Since the source region of a nuclear
weapon is, by definition, highly non-linear, using linear models in the
frequency domain is an uncertiain procedure. However, for buried cables
some non-tinearities can be approximeted and others neglected, to allow
accurate caltculations using linear models in the frequency domain, Such
a model has been developed for use in parametric studies, since the 1-D
and 3-D time domain wodels require much greater computer run time. The
frequency domain and fime domain models are chown to compare well over
the time range of interesi. Maximum energy and charge at the facility
can be calculated directiy from the frequency domain data, eliminating
the need for Fourier transforms to the time domain in many cases.

Another advantage of the linear mode) is the ease of determining possible
breakdown between core and sheath in the cable. The sheath transfer im-
pedance can be used to find internal cable voltage sources resulting from
external current excitation. This extension of the outer coupiing model
was used to calculate inner voltages for typical cables with both SREMP
and natural lightning.

HARDEHED
FACRLITY

BURLED CABLE

?Ihis work was performed under Air Force Contract FO4704-B0-C-0025¢ .
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CALCULATION OF THE SCATTERING OF A PHOTON PULSE
INCIDENT ON A MISSILE AND THE RESULTANT CABLE RESPONSE

AMUTHORS:  Stephen A. Dupree, D. Lynn Shaeffer and Ezra B.
Mann, The BOM Corporation, Albuquerque, MNew Mexico

tstimates of the response of & coaxial cable to an
external puise of photons requires determining the hardening
of the pulse spectrum due to shielding materials around the
cable as well as determining the effect of the photons on
the cable itself. Ffor a missiie, it 15 simplest to assume
the cable lies along the axis of the missile and to include
the missilte skin as an annulus arcund the cabie. More
complicated geometries, including shadow shielding by the
missile compenents, must be considered uitimately but this
basic problem contains all of the elements of the more
sophisticated calculations and provides a check on the
calculational techniques ysed in the latter.

& computer analysis of the shielding resulting from
this simple configuration wes performed using the MORSE
myltigroup Monte Carlo transport code. The c¢ross sections
used in the tramsport calculation were generated with the
GAMLEG code. The MORSE code permits three-dimensional
qeometry specification and accounts for photon scattering,
attenuation, and secondary particle production. The cross
sections include Comptan scattering and photoelectric
absarption, The transport calculation provides the fluence
and energy spectrum of the photons pensirating the missile
skin and striking the cable.

The photon spectrum obtained in Lhe abeve analysis is
taken as input to QUICKE 2-M 1o calculate electron yields
from the cable shield as a function of total fluence and
blackbody temperature of the photon source. The resutting
current is then taken as the driving current source in an
gquivalent circuit model to obtain the photon induced cable
response. The short circuit current is presented as a
function of fluence and blackbody temperature for an in-
cident photon pulse which is triangular in time. This
response will be compared with the response of the cable in
absence of the missile.
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SOURCE-REGION EMP PENETRATLON THROUGH APERTURES

F. €. Yang
The Dikewood Corporation
Santa Monica, CA

Abstract

The source region EMP penetration through a hatch aperture at one end
of a flanged cylinder is analyzed. The penetration is characterized by the
open circuit voltage induced across the hatch gap. The quasi-static approxi-
mation is used. The results are presented by means of simple circuit
diagrams .
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EFFECT OF CORCNA OW EMP INOUCED WIRE CURRENT*

Charles T.C. Mo and Gregg D. Wilensky
R and D fssociates
Marina det Rey, California

ABSTRACT

A simple model is developed to describe corona formation due to EMP incident
upon a finite long wire. The corona model is then used to derive approximate
transmission line equations for the EMP induced curvent and voltage. BRased on
simple anelysis and numerical solutions, we concluded:

I. Without taking into account the effect of electron aftachment and space
charge dynamics, the simple gpproximate model leads to an equivalent
transmission line and provides an upper bound to the corona effect in
its reducing IMP induced wire currents and veltages. In particular,
for the typical cases considered {wire lenoth 1200 meter, radius 2 mm,
altitude 10 km), we estimated

corona no corona
1 I > a0 .
max // max A

The ratio depends on 8 (angle between wire and incident wave} and Uwax:
becomes closer to 1740 at smailer & and Yarger T

2. The "worst-case® incidence angle 8, for the E;gfana{e)

~15% to £10° and then disappears as the conductance g increases from

, is reduced from

G togTO'bnmo/m and the Fax increases from 0 to ».7 mho/m.

3. Lower frequency coupling is damped by the corona velatively more than
higher frequency does, as evidenced by the relatively shoviened time

Lorona ng Ccorona

span for 1 compared to I

4. The bounding mechanism for the corcna effect, a balance between more
EMP coupling to aivcraft due to equivalently thicker wire and less

coupling due to corona conductance loss, is reduced down to ope parameter,

o for n of electron density). Its self-consistent dynamic deter-
max max

mination is needed Lo sbtain further detail of the corora effect.

*
Research sponsored by Afy Force Weapons Labaratory, Albuguergue, New Mexico.
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MUMERICAL AND ANALYTIC SOLUTIONS FOR RADIATION
INDUCED DIELECTRIC CONDUCTIVITY

AUTHORS: D, Lynn Shaeffer, The BDM Corporation, Albuguerque,
N
Joel M, Siegel, Project Management Corporation,
Oak Ridge, Tennessee

Dielectric materials irradiated with x-rays or y-rays
oxhibit & measurabie induced conductivity. This effect is
important in the study of the electrical behavior of mater-
iais used in missiles that may be exposed to nuclear radia-
tion environments. Simpiified solid-state models have been
used by varicus investigators to study this effect. Analytic
and numerical solutions have been obtained for rather res-
tricted conditions.

The present study is based on the works of Fowler
{Proc. Roy. Sec. A236, 1956, pp. 464-480) and Weingart et
al. {IEEE Trans. Nucl. Sci., NS-19, Dec. 1972, pp. 15-22).
A set of rate equations governing the time dependence of
conducticn and trapped electrons is solved analytically and
numericaliy for a triangularly shaped (in time} pulse of x-
rays. Qur approach differs from that of Weingart et al. in
that aliowance is made for complete filling of trapping
Tevels and that a wide range of fonizing conditions is
considered, i.e., low to high doses and dose rates. An-
alytic results have been obtained by dividing the time
domain into seven intervals, each characterized by different
conditions which permit approximate equations to be de-
veloped. The analytic approach facilitates interpretation
of the resylts in terms of dominant physical processes in
each of the seven intervals. A numerical approach was
adapted which effectively solves the set of stiff differ-
ential equations forwming the model. Prompt and delayed
conductivity were calculated as a function of time for
polyethelene and teflon over a wide range of doses and dose

rates. Approximate formulas of the form Tp = F (D) + were
developed for the prompt conductivity Tp> where £ (B} 1s a

nonlinear function of dose D and v is the dose rate. The
numerical simulations veveal that a single exponential can
not be used to represent the delayed conductivity for all
times.
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THE DISCHARGE CURRENT IN THE LIGHTNING RETURN STROKE®

R. L. Gardner
Mission Rasearch Corparation
1400 San Mateo Boulewvard, S5.5.
Albuguerque, Mew Mexico 871038

The current in the lightring return sirake has been the object
of & number of analytical models of increasing complexity. GBruce
and Goide introduced the concept of a velocity of current pulse
propagation. later, Dennis and Pierce introduced the concept of a
traveling current wave along the leader chanriel. In each of thess
and Tater papers, however, the current pulse amplituda, aulse shape,
and velocity are assumed functions.

In this paper, we develop a nonlinear, nenuniform transmission
Pine model to find the velecity of current pulse propagation, the
current amplitude, and current rise time as functicns of time and
therefore height. The flexibility of 2 transmission iine mode’
atiows us o include physical variables in the form of resistance,
inductance, capacitance, and conductance per unit Tength as func-
tions of height and the mistory of the current flow through a given
cross section of the return stroke channel. Only resistance per
unit length is treated in a nonlinear fashicn here. The remaining
variables are assumed constant to reduce the complexity of the
model .

The resistance per unit length is determined By the evolution
of & complex hydrodynamic model, which calculates physical and elec-
trical parameters of the channe)l plasma as functions of time and
radius for each cross-section of the plasma. The resistance of a
unit length of plasma channeil is then found by integrating the con-
ductivity over radius. This resistance per unit Tength is then
updated in the transmission line code at each time step,  The ftrans-
mission line solution nas as an initial state the sudden ciosing of
a high voltage switch about 100 m from the ground. The evolutian of
the current and voltage waveforms along the channel then determingz
the current pulse rise time, the velocity of the current pulse
propagation and the current amplitude. Necessary initial canditions
for a propagating pulse are also shown.

*Work performed while et Cooperative Institute for Research in
Environmental Sciences, Boulder, Colorado.
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ELECTROMAGNETIC PULSE EMITTED BY LIGHTNING

- exnarimental c<ata and mathematical modsls

- natural and triggered Tightning strokes.

ty - g HAMZLIN - L. LETEINTUR

R

Centre Mational d'ftudes des 7élécommunications
LANHION {FRANCE)

In this comunication we present our work to date, experimental
as wel! as rheoretical, on electromagnetic fields emitrad by lMghtning, both natural

and triggerad,

The National Research Center of Telecommunications (C.N.E.T.)
lor several years has been working to deepen its understanding ef emitted
Rlectro-magretic pulses by return—-strokes and leaders both in the context of
the Saint-Privat d'Allier scaticn experiments and more vecently by participating

in the COPT 81 campaign (Tropical Deep Convection).

For the experimental programm, and fowx the studes of the

strokes, triggered as well as natural which band sensors {150 ¥z ~ 20 MHz) or

o

spectral analysis (60 ¥Hz - ] GHz), has been used associated with rapid data

acquigivion syscems.

In parallel, theorerical modelling of this emitted fizlé by

8

the return stroke was carried out,taking into account the current wave-form

<
the upward velocity, the ground resistivity and the heéightof the cbservation point.

Finally, we present preliminary results of the C,0.P2.7T. cazpaign
E] F - y £3 =}

both wide band and harmonic analysis, on esssentially intra-clouds events,
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LICHINING ACTIVITY CHABACTERISTICS FROM VEP
SPACE-TIME MAPPING

William L. Tavler
National Severe Storms Laboratory
1313 dHalley Circle, Morman, QK 73069

A wide band VHF system enmploviag time diffevence of arrival
techniques has provided azimuth and elevation angles to individual
sources of electromagnetic impulses radiaced from lightning dis-
charge processes. The simultaneously observed dirvections and
times of arrival recorded at two stacions separated bv several
tens of kilometers define the three dimensional location of es
source as a function of time. Analysis of data hae revealed cf
acteristics of che lightning discharge process from several
storms and has allowed us to accurately associate lightning activ-
ity with storm reflectivicy and internal wind structure obtained
from Doppler radar data. Recent results of this work imelude:

{1) the space-time strucrure of lightaing discharges is extremeliy
complex; {2} lightning activity is generally locacted in close
proximity to, but not necessarily within, the high reflectivity
regicns of storns; (3) the average height of F sources is
4-5 km for ¢loud-to~ground (C3) flashes and 5-6 km for intracloud
IC) flashes, where the temperature 15 between -39 to -20°0,
(&) VHF sources for CG's and large 1C's seldom exceed 10 km
(5} a new class of smell IC's forming a canopy over the main
updraft reglon of a storm produce almost a continuum of lightning
activity centered at 12-13 ka haight; and (6) lightning activity
moves in a broad front through the thunderstorm volume at progres-
ston speads berween 2xi0° and 2x10° m.s™i,

heighe;

~l
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ATRBORNE MEASUREMENTS OF LIGHTNING-INDUCED CURRENTS
J. Nanewitz

SRI International
Menle Park, GCalifornia
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[NTERPRETATION OF IN FLIGHT
LIGHTNING DATA

R. A. Perala
T. H. Rudciph

Electro Magnetic Applications, Inc,
P.0. Box 262€3
Denver, Colorado 20225
{303) 989-2744

One of the current topics having a great deal of interest within
the ?ghtnwng community is the intevaction of Tigh: n1ng with aircratti.
One of the baagest unknowns in this area it the knowledge of fhe lichtning
environment at aircraft altitudes.

In order to obtain such data, NASA Lan Wey fesearch Center has
instrumented an F~106 to cbtain electromaonetic coupling data during
a lightning event. Data for both attached and nearby strokes have heen
cbtained. The data consists of derivatiives of the normal elactrig field
and the tangential magnatic field measured on the external aircraft skin.

Iri this paper, the problem of defermining the lightning characteris-
tics fram the aircraft data is discussed. That s, the aircraft response
is "backed out® of the data such that the incident current or LIMP wava-
form is inferred. Results are given for hoth cases, and are consistent
with current knowledge of risefimes and channel current,



Laboratory Model of Aircraft-Lightning Interaction
and Comparison with In-Flight Lightning Strike Data

C.0. Turner and T.F. Trost
Department of Electrical Engineering
Texas Tech University
Lubbock, Texas

Modeling studies of the interaction of a delta-wing aircraft
with direct Tightning strikes have been carried out using an approx-
imate scale model of an F-1GEB. The model, which is 3 feet in
iength, is subjected to direct injection of fast current pulses sup-
plied by wires, which simulate the lightning channel and are attached
at various locations on the model. Measuvements are made of the
resulting transient electromagnetic fields using time-derivative
sensors. Small B-dot and D-dot sensors have been placed on the
model in the ipcations corresponding to their actual locations on
the M.A.S_A. £-106B {1). The gensor outputs are digitized with a
sampling interval of 50 ps Ffor & total time of 20 ns, which is the
clear time of the apparatus. The signal-to-ncise ratio, defined as
the peak sicnal dividad by the RMS noise, is more than 40 dB. The
noise level is reduced by averaging the sensor output from 10 in-
put pulses at each sampie time.

The B and D waveforms show the inpuf pulse foilowed by reflec-
tions due to the various parts of the model structure. These re-
flections die out quickiy, typically within 20 ns, and are explained
roughly in tevms of simple transmission-Tine arguments. Computer
analysis of the measyraed fields inciudes Fourier transformation and
the computaticn of transfer functions for the model. The transfer
functions show several resonances of mederate 0. These include the
half-wavelengzh resonance of the fuselage and several higher fre-
Quency TESDnances.

Comparisons of these transfer functions with spectrai ampii-
tudes computed for in-flight data show good agreement regarding ihe
frequencies of the rasonances. However, one in-flight D-dot wave-
form shows a strong fuselage resanance {8 MHz) which has a larger
0 than that apparent in the corresponding transfer function. This
is indicative of a lightning chanmel for this particular in-flight
avent with a higher impedance than the wires on the model.

The basic technigue has the potential for investigating the
respanse of other fypes of aircraft and studying interior as well
as extericr fields.

1. Pitts, Felix L., "Flectromagnetic Measurement of Lightning

Strikes to Aircraft," AIAA 19th fevospace Sciences Mesting,
St. Louis, MO, January 1981. AIAA 81-0033.
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IMPROVEMENTS IN THE ANALYTICAL TREATMENT OF SOURCE REGION EMP

£, Kalasky, W. F. Crevier,
Mission Research Corporation
Santa Barbara, LA 93102
{(805) 963-2761

The approximate analytical solution to Maxwell's equations in the
nuclear source region presented by Crevier and Pettus® has been
extended from the wave phase fnto the diffusion phase in the code
MODELC. This was done by including fterms for the transverse Comp-
ton current, the conduction current and the gutgoing wave (B).
Inclusion of these additional terms required modification of the
previous equations, and also necessitated use of different numeri-
cal techniques for solving the new setf af equattons. The accuracy
of this code during pericds of hich comductivity was further
enhanced by including a finite conducting ground through the use of
Conrad Longmire’s universal soil impedance concept.

The modification teo the basic equations presented by Crevier and
Pettus and the impTementation of the conduction current are shown
here aiong with comparisons between this code and the 2-0 finite
difference code LEMP. In addition, the sensitivity of the solution
to different formulations of Maxwell's equations will be discussed.

i Crevier, W, F. and L. Pettus, "Approximate Methods for Calculat-
ing Early Time £MP from Surface Bursts at the Ground in, and Near,
the Source Regfon," 1EEE [ecember 1979,

This work was supported by the McDonnell Dougtas Astronautics
Corporation under Contract Humber MDAL 81725037,
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CURRENT RESEARCH 1M HAEME ENVIROMMENT FPREDECTEON:
ROUKD~-X CODE

Witliam T. Wyatt, Jr.
IR Army Electronics Research and
Tevelopment Gormand
HARRY DTAMOND LABORATORILS
Adelphi, Mh 20783

A comprehensive new one-dimensional compurer code, ROUND-L, for
ting high-altitude burst gamma-induced electromagnetic pulse

2] has bsen developed at Havry Diamond lLaboratories (BDL}. The
code ts designed to unify up~to-date gavly-time and late-time tech-
noelogy inte one convenient AMEWo TR, dirensional
approximations to Maxwell's eguations are tncarporated as avallable
ous, These include the "congruent ray" (CR) model (proposed by
Wyatt du 1971) and "vertical ray" (VR] model (viz., Longley and
Longmira's CHaP code'). The OB model {ncorporates as a special case
the "far-plane” model.? Both CR and VR models incorporate as special
cases the "high—frequency' model of Karzas and Latter® amd Longmite.u
dphevical geemetry is used throuwghour.  Farly-time Compton drivers

may optionally be computed self-consistently. First and second gamma
scattars are obtained analvbicaily, and asscclated Compton currents
and fonization are ohtained by "parcicle-pushing” at early time or by
"particle displacemenc' at laver tise, Third and later gamma scatters
and sssociated currvents and ioniza are obtained from a companion
Monte Carlo gamma transport code ue data smoothing and ring
algorithms., An lonovation of potential interest at early time is
opticnal computation of nomequilibrium temperature of conductico
electrons, with air chemistry dependence on eleciron temperature
instead of on electric field stren

I

ta

Current work is direcred roward (1} treatment of late-time inter-
action between the graund and the high-altitude source region by
shifting the center of retarded time from the burst to the image
point of the hurst beneath the ground and adding a ground mesh; and
(23 a three-ray version of the CR model in crder to estimate three-
dimensional perturbations of the one dimensional approximation.

fongley, H. J., and €, L. Longmire, Development of Lhe CHAP EMP
Code, Defense Nuclear Agency, Report DNA 3150T, 7 Bov. 1973,
zionglay, H. J., Robert ¥. Hamilton, and C. L. Longmirve, Develop-—
ment. of the LEAP-2 EMP Cade, MRO-TR-77-409, Dec., 1977

Sfarzas, W. 3., and R. latter, Phys v., Yel. 1378, p. 1369, 1965,

“Lougmire, . L., Close~In rs Lectures X and XI, Los Alamos,
Scientific Lab., Report LAMS-3072, April 1964,
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AN TNTRODUCTION TO EMP CALCULATIONS USING
A NONEQUILIBRIUM ELECTRON DISTRIBUTION FUNCTION

Robert N, Carlile, Professor,
Dept., of Elee. Engr., Univ. of Ariz., Tucson, AZ 85721

In EMP calculations, it is assumed that the electyon
digtribution function (EDF} iz in equilibrium, If the
electric field at 1 and ¢ is E{(x,t), then it is assumed
that the EDF is that of an eleciron gas which has come
to time equilibrium under the influence of a fime-indep-
endent electric field with the same magnitude as E. This
makes it possible to write the average electron energy
densitcy U and drift velocity 4s a Ffunction of Elp, and,
conseqguently, the momentum transfer and enargy exchange
collision frequencies as functions of E/fp and thus U,
However, if the time to reach equilibrium is sufficient-
Iy lopg, the electric field of the EMP may change by a
large fraction before EDF equilibrium is achieverd. The
EDF is then in a state of nonequilibrium and the collision
frequencies are no ionger functions of U,

This paper is ap introduction to nonequilibriom ED#
EMP calculations, We assume that the EDV can be written
as flw,8,t) = folw,t) + f1{w,t) cosB, where w and 6 are
the magnitude of the position vector and polar angle in
velocity space with E being directed along the polar axis.
Then it will be shown that the Boltemann equation may be
solved analytically for Fn and fl in the case of a ginple
collision model consisting of eléctrons and molecules
treated as hard epheres and the electric field given by
a upit step,

Wich these quanticies in hand, this paper illumin-
ates some of the issues asscciated wich a nonequilibrivm
EDF. For example, the swarm equation far U has been used
te calculate the time required for build-up of U from a
thermal value to a final value due te a unit step func-
tion E, But use of this equation sssumes rhat the energy
exchange collision frequency is & function of U sven
though during this time the EDF cannot be in equilibrium,
Thus, &n error is introduced. This error may be estimated
by calculating U{t) dirvectly from the EDF and comparing
this result with that derived from the swarm equation
for U with the energy exchange collision frequency de-
rived using the simple collision model,
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RADTATION SOURCES FOR LATE-TIME HIGH-ALTUTUDE EMP

W. E. Page
Air Force Weapons Laboratory
0. A. Rieb

The Dikewood Corporation

Results of recent analysis of neutron~-induced sources for the late-time
high-altitude EMP will be discussed, These results include outputs of
detailed coupled neutron-qgamma Monte Carlo analysis for prescribed
energy neutron scurces. £Lharacteristics of the vesulting EMP source
terms will be described.
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AN APPROACH FOR ELECTROMAGHETIC VALIDATION
TESTING OF LARGE FACILITIES

D.L. ENDSLEY, EG&G WASC, INC,
2450 ALAMO SE, ALBUQUERQUE, NM, PF.O. BOX 3100 87119

Periodic walidation of the EMP hardness of a large
facilitv i8 an existing regquirement for many BOD

agencies. Freguently, the time and cost toc perform
this validation with high Ievel pulse simulators are
prohibitive, In addition, these simulators are

usually not transportable and installaticn of the few
that are can greatiy impact the site apnd facility
being tested,

There is another techniqus that has been utilized that
invelves minimum cost, time, and facility impact.
This approach wuses (W illumination techniques and
involves excitation of the facilities® wmajor apertures
and conduactive penetrations. This technigue generally
supplements an analytical hardness assessment effort
to reduce some of the analytical uncertalnties.

This paper describes some of the Ow illumination
apptoaches wusad in EMP hardness validation programs.

*This work Qég”;éfformud nnder Alr Force Contracts
F2960L-78-C~003% and F29601-80-C-00346.
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TOWARD AN THCREASED UNDERSTANDING
OF ALRCRAFT EXTERNAL RESPONSES 1N SIMULATOR FIELDS®
F. J. STERK AND W. J. MOTIL
TRW, INC.
2380 ALAMO SE, SUITE 200
ALBUQUERQUE, NM 87105

A review of the external currents and charge density responses,
as measured Tn the HPD/VPD 11 simuiator during the system level
test on rthe A-7E and F-i8A, wiil be presented. The pertinent
features of the response spectrum will be identified and briefly
discussed Then a comparison will be made between the peak
values of the response spectrum, the theoretical predictions af
MoM and THREDE codes, and scats model data.

The primary purpose of this paper is 2 discussion of the
extaernal responses due o variations In the configuration and
arfentation of the aircraft, Particular emphasis wiltl be placed
on developing a conceptual model to explein the redistribution
of the currents on the surface of the aircraft due to the
oresence of a ground plane.  The conceptual model used to
explain the cbserved phenomena will be supported by analytical
calculations.

the impact of current redistribution due to configura-
ation variations on system lavel test planning will
y discussed.

Finally
tion/o
be bri

This work was sponsored by the Defeanse Nuclsar Agency under
Contract DMANOI-31-C-0093.
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A METHODOLOGY FOR THE USE OF THRESHOLD
DETECTORS (N SYSTEM LEVEL TESTING AND ASSESSHMENT

JOHN J. PODLESNY
TR
2350 ALAMO S5E, SUITE 200
ALBUQUERQUE, 84 87106

Military Systems exposed to nuclear EMP may suffer component
failure and/or logical upsets. In order to determine a sysiems
vulnerability to EMP Threat, a combination of analysis and test
is usually required. Analyses typically have large uncertain-
ties, therefore, actual test data Is required to obtain high
confidence results. Testing, on the other hand, has proved to
be expensive and Uime consuming. Also, using conventional EMP
testing techniques, it is very difficullt to perform a 100
percent sample survey of mission-critical pins under all
confiquration conditions and incident wave orientations for most
large systems.

in order to guickly and completeiy sample system responses, a
method is needed to allow for hundreds of measurements per day
instead of the present 20-30 per day. Threshold detectors are
available to enable fast scrsening of a system. The Threshold
Betector (TP} is a wide band, peak signal responding device that
is small, accurate, self contained, and relatively inexpensive.

This paper describes a method using these TD's, in conjuncticn
with conventional testing techniques, to enable large scale
suyrveys to be accomplished with high confidence, low risk and
minimal test time,



CABLE CURRENT INJECTION TESTS QF A
MAGNETIC TAPE UNIY

I. 6. Halliday and A. G. Montgomery
MITRE Corporation,t Bedford, MA 01730

This paper reports initial resulis in a new bulk cable current
injection test faedility. The MITRE Corporation has assembled and
is operating a small cable current injection EMP Simulator

facility to test the FMP bardness of electronlc equipment which

the Air Force Electrounic Systems Diwvision may install on the E~-4B
Advanced Airborune Command Post, The first piece of equipment to be
tested was the MU-688 magnetic tape unit, which was exercised
during testing by conmecting it to a UGC-129 teletypewriter. The
range of frequencies available varies from approximately 10 kHz to
100 MHz and the current is variable from 10 ma to 10 amp. The
injection mode is to drive the interconnecting data cable bundle
and ground plane with a variable mutual inductance loop which isg
excited by a simple O-10 KV spark-gap pulser. Single pulse and up
te 2 pps modes are available., Coupling to shielded leads will be
compared to analytical model results. The paper will be unclassiFied.

*+supported by the U.S. Air Force Electronic Systems Division,
Bedford, Ma 01730
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TIME DOMAIN INSTRUMENTATION FOR
EMP MEASUREMENTS

J. H. PRESSLEY, EG&G WAEC, INC.
2450 ALAMO SE, ALBUQUERQUE, MM, F.0. BOX 9100 87119

The nuclesr electromagnetic
risetime, high amplitode
couple inte electronic
capability far damage @
egpecially integrated circui
A5 A& conseqguence, syste
ships and communication: : : ; : singly
being tested far EMP Ineranili Bach
vulnerability tests consist of subjecting system
to the threat level, time i1

a very rfast
an straon g]f
has graat
components,

”=fcu1t%.

[

in  EMP fle]d in a
suitable EMP simulator driven by a high veltage

pulser. This will vary from s full system such as an
airplane or a ship down to the box or even componént

level, The EMP pulses may consist of single shots
many minutes apart {high-leval) or repetitive  puls
at the rate of thousands per second (1ow~l“V01\, Data
recording systems have be sveloped whioh can reoord
various electromagnetic field and :z om response data
in a flexible and efficient manner.

-

Autamatic transient data systems arg desgcoribed which
require 1little operator intervention and not o
automatically set up instumentation, but also provi
sequenced control of EMP pulsers. Remotely confroll
wlideband fiber cptic and dielectric wavegulde
microwave analoy telemetyy links provide electrically
isolated signal transmission paths from the “"nolsy”

simulated EMP  environment Dback o the "oulet"
recording instrumentat 2 These

contain internal attenu haluns, o
generators and Integrator Ground plane

sensors are typlcally hardwired witl W—lo8E  Cof
cable directly to the linstramentation systen

cable compensation units added to  correct  for  bigh
egquency rolloff. The transienh data system also

includes special eguipment, such ag logs active slgn
splitters and programmabie trigger delay oniue
provide receording instrumentation inputs Soltware
the data system automatically calibrates the
links and corrscis the recorded data for si
cemponent transfer functions and  provides
time-tied ocucput in engineeving units.
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A WEW GENERATION OF SMALL CURRENT
PROBES FOR EMP TESTING

2. CAVE AND G.D. KAHMN, EG&G WARC, INC.
245 ALBMOD SE, ALBUQUERQUE, ®M, P.0., BOX 2100 87119

Wideband Current Transformers

Current transformers are widely wused in  the EMP
community as a measurement device, We will present
the general theory of current itransformer operation
and address differences between ideal and real current
transfermer performance. The real tansformers exhibit
rasonances and other effects which appear to be
transmission line phenomenon. Bandwidth limitations
will be considered, and methods suggested for
extending the bandwidth., Finally, a brief summary of
our experimental results will be presented,

Sevaral current probes made for EMP testing wilil be
presented. These include the Clamp~On Cutrent Probes
{(¢Ccp) and Clip~-0On Probes {COP) which have heen
succesafully used in recent test programs. Bandwidth
and pulse fidelity data will be presented for these
probes,
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A 408 MHZ CURRENT BREAKCUT PROBE FOR HIGH ATTENUATION SHIELDED CABLES

M, K, Johnson, R. R, Cvreason, B. H. Randall
The DM Corporation, Albuguergue, New Mexico

.M. Turfler
MRC, Albuquercue, New Mexico

g, Cox
Lockheed Missiles and Space Lompany, Inc., Sunnyvale, California

There is an increasing emphasis being placed on obtaining highly
accurate and precise fransient measurements on individual signal
wires for EMP festing of highly shielded tesi objects. The
accuracy reqhirements are generated from the nesd to obtain
precise data for EM coupling modet validation. In addition,
coupling information obtained at freguencies higher than those
qenerally spacified for EMP testing (i.e., greater thap 100 Miz)
is useful for extrapolating to other environments such as SGEMP
and EMC.  Test point locations which do not atlow simple access
inside the immermost shielding Tayer must be accessed externally
with minima?! parturbation to the shielding topelogy and shielding
effectivensss, and allow efficiency Tor reconfiguring fo other
test peints.

A breakout curvent probe has been developaed at The BOM Corporation
which will be used in EMP testing and which meets the above
design criterie. During previous EMP tests, empirical data was
obtained on several varieties of breakout probes designed for
simitar usage. It was clear that stray lead inductance and
capacitance would have potentially adverse effect on probe
performarce at highar frequencies. A model was develouped and
validated which predicted the key parameters that vegquired
precise control and the Timits an those parameters required 1o
assure optimal performance. In additfon, the gualities of
eariier probes which assured efficient veconfiguration, minimal
internal crosstaik, and a high level of overall shieiding effec-
tiveness were incorporated in a prototype design. The increased
high frequency response recuirements were met by using coaxial
windings on a ferromagnetic cors.

The prototype probe wes designed and built. It demonstrated an
essantialiy flat response from about 100 KHz to over 400 MHz with
a transfer impedance of 5 to 10 ohms depending on the core materiai
ysed and the number of windings. Crosstalk data witl be provided
which demonstrates that the 1imiting component is the cable
connector.  Shielding effectivensess curves will be provided which
show that the probe is n excess of the nominal 80 dB required by
specific test requirements. Design details wili be discussed.
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PRACTICAL PROBLEMS OF FIRBER OPTICS
IN FIELD APPLICATIONS

M,E. GRUCHALLA, EG&G WASC, INC,
2450 ALAMO SE, ALBUQUERQUE, MM, P.0. BOX 2100 87119

Fiber optics has found application In countless
commercial and industrial environments where its
various attributes may beg used to advantage. However,
in field applications where the fiber must tolerate a
large amount of handling and abuse and where
connections are mated and demated repeatedly, careful
selection of materials must ke made to assume an

acceptable waan time between failures, This
presentation discusses the varicus elements of a fiber
optic system (fFiber, connectors, etc.) intended for

field wuse. 'The application is approached exclusively
from a practical point-of-view with little theoretical
treatment. General first-hand observaticns of flber
optic performance at EMP sites such as Trestle and HPD
(AFWL} are presented. Several of the more sericus
Fiber optic problems that were encountered are
discussed cowplete with the wvariocus solutions that
were tried. The effectiveness and tradeoffs of the
solutions are discussed. Briefly, a general overview
of present capabilities is5 offered with a fouw
predicrions of what future systems might be expected
to achieve.

90



A FIBER-QPTICALLY-CONTROLLED WIDEBAND SWITCH
FOR MULTIPLEXED DATA ACQUISITION IN EMP TESTS

G,.D, KAHN, EG&G WASC, INC.
2450 ALAMO SE, ALBUQUERQUE, NM, P.O. BOX 912G 8711%

The basic design of a fiber-optically-controlled

switch will be discussed. The saswitch, which is
designed for wuwse in SGEMR/EMP environments, uses a
combination of fiber optics, microproceassor and

Stripline Technologies to perform the switching task
in & wide bandwidth and low-power manner.

The basic design of the switch allows multiple

switches (up to 8} to be controlled from one
controller through cone pair of optical {ibers and an
optical spliitter. In addition, the communication

format allows for the control of wideband data links
as well as gontrol of integrators and accessary
equipment.
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AN INSTRUMENTATION SYSTEM FOR GREATLY INCREASING
THE DATA COLLECTION RATE OF EMP-INDUCED
WIRE CURRENT MEASUREMENTS IN AIRCRAFT

ALT. BONHAM AND G.D. SOWER, EGEC WASC, INC.
2450 ALAMO SE, ALBUQUERQUE, NM, P.O. BOX 9100 87119

BMP  asgessments In nedern military elrcraft require
that hundreds or even thousgands of internal wires be
measured for induced current rransients. An
instrumentation system has been developad which allows
for a nominal sixty-Lour such measurements to be made
in any given day of testing without requiring access
to the alrcraft. Reconfiguration 1s  then performed
during non-testing perlods of the day.

The heart of this systemn is a Remote Coaxial Switch
{RCS) {2) which connects eight current probes, one at
2 time, to a wideband analog fiber-optic data link for
transmission to a Data Acgulsitien 3ystem {(DAS),
Typlcally, eight such switches and data iinks are
utilized simultaneousiy by a DAS so that sixty-four
current probes <an be interrogated, eight at a time.
Bach RCS is sst to the desired probe remokely via a
fiber opiic control link. Switch positions on up to
eight different RCS units are set from a contrel unit,
which alse displays verification status,

The system alsc uses & new Lype of Clip-0On Current
Probe Ltcop) which greatly eases the chore of
instrumenting the aircraft,(3) Probe verification and
system Integrity are tested in the frequency domain
using a network analyzer so that noise shots are not
required during testing with the pulser.

Measurements nade on a test alrcraft indicate that the
effect of adding the switch and seven other current
probes to test wires does nect appreciably affect the
carvent measurement. This effect is less than is  the
perturbatlion of the wire current by just one probe and
data link,t(1l) at least for instances where all of the
probe cables are of length one meter or less.

(1) W.J. Motil and G.D, Soweyr, M"Instrumentation
Effects Upen EMP Induced Wire Current Responses in
Adrcrafe™, WNEM 1982,

(2} G.D. Kahn, "A Fiber Optically Contrelled wideband
Swirch for Mulibiplewed Data Acquisition in  EMP
Tesits", NEM 1982,

(3) 5. Cave and G.D. Kahn, "A New Generation of Small
Current Probes for EMP Testing", NEM 1982.

FThis wotk was performed under the following Defense

Nuclear Agency Contract: DNA 001-80-C-0177,
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CONCERNING THE 5CI FIC BASIS FOR
WOISE AMD INTERFERENCE CONTROL

Carl E. Paum
Air Force Weapons Laboratory
Kirtland AFE N 87117

Complex elsctroniz systems can be vulnerable ta various kinds
of electromagneric environments. It is a wery challenging task to
have a detailed understanding of all the resulting signals at all
places of importance in the system. In osrder to control these
nals and bring them all below so particular levels with a
zn confidence, it is necessary to have some general techniques
to contrel the electromagnetic inreraction with the syvstem as a
whole and reduce the n er of critical variables which govern the
system response. To hegin this discussicn of the scientific basis
for noise and interference conirol one can cengider three basic
ideas which are not totally independent: elaccromagnetic topolegy,
symmetry, and orthogonality.

Electromagnetic topology has bath
tative aspects. The qualitative side i:LlUQe“ the hiersrchical
volume/surface topelogy and the eguivalent dual graph or inter-
action sequence disgram. This aspect leads to desipgn guidelines
for shiel dlng genetratons ang discrete iglding concepts wiich
involve combinateric considerations. On the quantitative side
one begins with the BLT equation for signal trangpor:t through the
system and partitions the terms sceording to the hisrarchical
ropology to form supermatrices and supervectors with special
properties. Assuming effective shields and subshields one
obtains the good-shielding approximation as an approximate solution
to the BLT equation. Combining this with norm concepts gives bounds
on signals in the various systen layers. Thig gives 5 format for
specifying the performance of the impartant eleweats controlling
the electromagnetic penctration.

Geometrical symmetries, such as a symmetry plane, can be used

to decompose the systen response into terms whick respond in
fferent ways to the electromagnertic excitation, By imposing
corresponding svmmetry conditions on the exciting field certain
undesired response terms cen be suppressed. A simple example of

this concept iz cress polarization,

One can think of orthogonality dn 2 simple form as two vec-—
tors at right angles to each other as in cross polarizaticn. how-
ever, one can more generally think of orthogenality by extending
tire concept of dot product to symmetric product involving integra-
tion of dot products of vector functiovns over various demains.
Since such symmetric products appear in modal coefficients {(haoth
eigenmodes and natural modes) then orthogonality is interpretable
as zero nodal coeffjcients which provides an alternate interpreta-
tion of the use of symmetry to cancel certain responses, [Further-
more shielding as used in electromagnetic topolegy can be inter-
prated as making coupling coeeficients te internal modes emall
giving 2 concept cof "approximztely orthogonal®
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APPLICATION OF SHIELD TOPOLOGY TO SYSTEM PROTECTION

Edward F. Vance and Werner Graf
SRI International
333 Ravenswood Avenue
HMenlo Park, CA 94025

The protection of electronic systems from strong external
sources of elactromagpetic stress such as lightrning and the EMP,
requires a systematic application of closed 2lectromagnetic
barriers betwaen the source and the protected circuits. Because
systems are cften eonstructed by integrating packaged slectronic
equipment and subsystems inteo airframes, ships, or ground based
facilicdies, the protection is uwsually allocated berween a systenm
level harrier snd an squipment level barrier. In this paper we
discuss some implications of the choice of circuit threshold, of
the ability to test or evaluate the protection, and of the
ability to specify thresholds on the procedures for allocating
barriaer effectiveness,

Tha system bavvier must at least reduce the stress applied
to the protectsd circuif te below the damage level, but there is
no benefit from barvier improvement that reduces the threat
stress to much below the stress that the system itself generates
during the normal operation. The use of damage as the threshold
fer unsatisfactory performance is contingent upon the damaged
condition being accurately defined. Howewer, only the functional
(and not the damage) charvacteristics of devices are usually
carefully controlled. Hence the damage threshold often cannot
be accurately defined, and sometimes may wvary over several orders
of magnitude among different lots cr different manufacturers of
functionally interchangeable parvs. Furthermore, the damage
thresheld can varely be determinad without destroving the unit
balng tested.

The ability to specify and test a barrier is affacted by the
shape, size, and complexity of the barrier, as well as by the
rhreshold. Move accurate scurce simeiation or more thorough
analysis are required to evaluate barriers having many arms,
branches, or extensions than to evaluate barriers of siwmple shapes
such as cubes or spheroids. TIn addition, since for every n
penetraring conductors there are n? modes of excitatiosm, the
choice of a barrier surface that ninimizes the number of reguired
penetrating conducters will also make specificacicns and evalua~
tions of the barrier (or eguipment immunity) easier. Since damage
in geneval implies nonlinear behavior, the specification and
evaluation of the equipment level barrier is furtler exacerbated
the damage threshold is chosen, because then sither the non-
Linear behavior of the equipment must be well understood, or the
details of the threat and its interaction with the system level
structure must be thorvoughly undevstood, if confidence in the
svaluation of the nonlinear ewvents is to be gained.
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USE OF TOPOLOGICAL DECOMPOSITION CONCERTS
TOR DETERMINING FMP HARDNESS ALLOCATIONS FOR

MULTI-SHIELDED SYSTEMS

Fraderick M. Tesche
LufTech, Inc.
P.0. Box 1263

Berkeley, €4 94701

ABSTRACT

Topological shielding concepts way be applied to the design of
an EMP hardened system In ordar to {nsure that the shielding design
is conslstent and that the chances of & shield fallure are minimized.
A topolegically consistent design requires that all electromagnetic
shields within the system be closed, and that 211 penetrations iarto
a shielded vegion be provided with some form of DMP protection.

In carrying out a design for a parricular system, it is desired
to use a balanced havdening approach. This implies that the levels
of EMP protection at each penecratlon point within the topolagical
layers are chosen in such a way so that the responses withia the syscem
are comprisaed of roughly equal centributions from each POE,

The topolegical decamposition of a system pemmits the determination
of the appropriate amounts of required hardness at each POE. This
is known 25 developing hardness allocations fer the system. Ofcen,
this process is carried out by consldering enly one class of penetrations,
and neglects the effects of the others. For example, a shieided enclosure
is Irequently described in terms of & "shielding effectivencss” for
incident electromagnetic fields, neglecting the effects of conducting
penetrations which usuaily contribute substantially te the internal
TESPONSsE.

This paper will review the topological concepts of shieiding,
and illustrate how they may be applied to a groundbase systam. Special
attention will be paid to the methodology of daveloping z rational
scheme of EMP havrdening allocation at the various POEs in the shielding

topology.

8h



SOME ASPECTS OF EMP SPECIFICATIONS

W.S. Kenrer
Air Force Weapons Laboratory
Kirtland AFE, N.M.
L. Marin

The Dikewood Corporation
Santa Monica, California 90405

Specifications form one taci in the overall process of establishing/
achieving/validating that a system is hard te EMP. Requirements that
specifications must satisfy in order to serve different purposes in the

cverall hardening process will he discussed. Issues te be covered include
« Quantities to be used in specifications
~ lLocations in a2 system where to apply specifications
» Subsystem versus system-level specifications
. Speciffcatfcns and hardness validation schemes

The use of existing system-level EMP test data in defining specifications
is also discussed.
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TRANSPORTABLE EMP SIMULATOR EMIS-3

FLALA. Sevat
Physics Laboratory TNO, The Hague, The Netherlapds

EMIE-3 has been designed and constructed for the study of
effects on large systems such as communication centers, ships amd
aircrafr. Tt is a transpartable, sub=-threat—level, radiating system
consisting of one 0.5 MV pulser with three different antemuae,

The radiating part is & vertical conme VPD (vertically polari
dipole}, a herizoncal "dipole" HPD (horizontally polarized dipole)
or a system called HYBRID because it 1s a hybrid of a radiating and
a bounded wave svstem.

The VPD and HPD antenmae can be situsted together near the ohjsct
under test. The pulser must be moved from one antenna to the other.
The HPD can be rebuilt to the HYBRID and vice versa,

The VID has 2 wive-cage flared cone above a ground nlane with a
height of 20 m and a diameter at the top of 35 m. The cone is
resistively loaded.

The HPD consists of a wire-cage cvlinder with a diameter of 5 m and
a height of 26 m which is center—fed by the pulser via a hicone.
Each end of the cylinder Is tapered to ground and terminated by a
resistive load. The total length is 110 m, but can be extended to
more than 300 =,

The HYBRID consists of an elliptically shaped wire—cage cylinder
with a dismeter of 3 m and height of 20 m which fs resistively
loaded. The pulser is situated in the center and connected to the
cylinder via a bicone. Each end of the cyvlinder is conneated to
ground. The total length is 60 m.

The performance and design characteristics of the simulator will be
presented,
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LOW FREQUENCY SraCTRUM CONTENT ASSESSMENT FOR VERTICALLY POLARI
DIPOLE TYPE STMULAT FIRST 2
TIME V3. DRMPTING RAT

K. 5. Kunz K. . shoup

Kunz Associates Inc. IRT Corporablon

P.C. Box 14374 2.0, Box 80817

Albuguergue, Hew s, California 92128

Sarr 13
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A 25 MHZ NOTCH

IN THE HPD FACILITY OUTPUT:

TES SQOURCE AND EFFECT
K. 5. Kunz K. W. Shoup
Funz Assoclates Inc. IRT Corporation
F.Q. Box 14374 P.O. Baox 80817

Albuguergus, NM 87121 5an Diego, CA 92138

The measured fields at HPD {1] show a notch in the spectrum at
25 MRz (figure 1). This noteh is in addition to those observed due
te ground reflections and pulser asynchronism. Its source can be
found in derivative super refereunce sensor data (figure 2) which are
free of ground reflection effects but not asynchronism effects. The
super reference sensor data shows twin peaks separated by approxi-
wately 5 ns, followed approximately 20 ns later by a second pair of
twin peaks also separated by approximately 5 ns, The first pair is
the two pulser sides firing asynchronously by approximately 5 ns.
Tna sacond pair, 20 nz later, is "reflaction” of the first two.
They arise from diffraction/refiection off the bicone edge when
there is an abrupt change in geometry and an impedance discontinuity.
The "reflection" has an amplitude of 0.4 of the original. Inter-
ferance affects should therefore occur at a frequency with a period
of twice that of the delay, or precisely at the 25 Mz observed.
The notch should ba of the order of 5 dB which is in good agreement
with the approximately & dB observed. Finally, the delay of 20 ns
corresponds closely to the transit time difference bebween radiation
appearing from the bicone apex and that from the bicone adge .

=

This effect has long been suspected, but measurement difficul-
ties and the wealth of data to be sifted through had precluded its
earlier detection.
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¥ungz, K. 5., et al, "Horizontally Polarized Dipole Testing Pro-
gram - Horizentally Polarized Dipole Characterization Report -
Volume I, Part i ~ Field Analysis Report,™ AL-1265, EG&G,

31 August 1978
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A TWO-PLATE TRANSMISSION LINE EMP SIMULATOR
WITH IMPROVED CONTINUCOUS WAVE {CW) PERFORMANCE

J.C. GILES, L. ATCHLEY, D.L. ENDSLEY, AND G.D. SOWER
EG&G WASC, INC., P.0O. BOX 9100, ALBUQUERQUE, NM 87119
H. BSCHILLING
WEHRWISSENSCHAFTLICHE DIENSTSTELLE FUER ABC-SCHUTZ
3042 MUNSTER, BUNDESREPUBLTK DREUTSCHLAND

The discovery of a deep notch in the magnetic field
spectrum plus an associated standing wave interference
pattern above about 20 MHz in the ALECS facility (1)
and similar £findings in the ARES facility (2) have
lead to multiple approaches for mitigating the prob-
lem. Kunz (2) describes a technique implemented in
ARES to scatter some of the unwanted energy out of the
transmission line. Kunz and Giri {2) have describea
another technique which would, if implemented, absorb
some of the higher mode energy in a resistive sheet or
an array of discrete resistive elements.

A third approach has besen evaluated experimentally on
a small tranemission line (approximately cne-tenth the
size of ALECS} and found to provide significant
improvement in the CW performance of & two-plate line.
This approach eliminates the parallel-line and output
conic sections of the traditional simulator geometry
and uses instead a large distributed resistive and
inductive array to terminate the line. The array is
very sparse s0 the majority of the high Erequency
energy vradiates out of the array rather than being
trapped within the array by multiple scattering. This
greatly reduces the standing wave effects and
eliminates the deep notch in the spectrum. The design
nhas been implemented on two full scale EMP simulators
in Burope.

This paper describes the scale model experiments

performed and presents a comparison of the results

with those observed in ALECS,

(1) 3.C., Giles, et al., "Evaluation and Tuprovement:
of the CW Performance of the ALECS Facility",
ALECS Memo 10, September 1875,

{2} K.5. Kunz, et al., “"Application of Reflection and
Diffraction Techniques te the Analysis of an EMP
Simulator", IEEE Transactions on  Antennas and
Propagation, Voi. AP-27, No. 73, May 1873.7° 7 B

(3} K.8. FKunz and B.v. Giri, "a Study of a Resistivea
Sheet Bifurcating an Infinitely wide Two-Paraliel
Plate Line", NEM 1980, Anaheim CA, August 1980,
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LINK, A 1 MJ, 1 MV, 20 &, 2 ms
HIGH ENERGY PULSE GENERATOR

by Donald F. Strachan
Physics International Company
San Leandro, . CA

A 1 megaveolt, 1 megajoule long pulse energy
system, known as LINK, has been designed and is
presently being constructed. LINK is designed to
drive resistive loads ranging from short circuits to
1000 ohms. The system will deliver 2 coulombs at
currents ranging from 1 to 50 kilecamps with an e-fold
pulse duration of 2 milliseconds to 40 microseconds,
respectively. LINK is easily reconfigured to generate
500 kilovolts, at 1 megajoule, delivering 4 coulombs
at currents ranging from 0.5 to 25 kiloamps with an
e-fold pulse duration of 8 milliseconds to 160 micro-
seconds, respectively.

A description of the energy storage system, the

gas transition region, and the dummy load confiqu-
ration will be presented.
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PULSER MODIFICATIONS AND WORKING VOLUME FIELDS
IN THE ATLAS 1 (TRESTLE) FACILITY

D.V.Giri, LuTech, Tnec., Berkeley, California

J.M.Stein, Physics International, Albuquerque, New Mexico

In attempting to determine the degree of hardening of
aevospace systems to a nuclear ElectroMagnetic Pulse (EMP),
it is often necessary to perform system level testing using
a simulated enviromment. For such testing, it is important
that the ElectropMagnetic {(EM} field within the simulator be
comparable ta the EMP trhreat, in order te ensure reasonable
confidence in the results of the testing. There are man
complex facters which influence the production of the simulated
EM field, including the physical and electricel design of the

simulator and the pulgers which drive it.

Over the last few vyears, attention has been focused on
the EM and parametric design of the pulsers in the ATLAS I
(TRESTLE) facility. Some modifications in these pulsers have
been studied both analytically (e.g. menocone switech impedance
and orientaticn, pesking capacitor arvangement) and experiment-
ally (e.g. pulse injection testing, peaking capacitance varia-
tion, transmission line {mprovement). In the performance of
these experiments, additional sensors were installed in the
pulser region and data taken with both electric and magnetie
field sensors. In some cases, working volume fields were

estimated from data taken in the pulser area.

This paper reviews and sumnarizes some of the results

of the computational and experimental efforts outlined above.
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"HEMP Analysis of a Buried Insulated Communicatioms Antenna”

Dennis J. Blejer, Kai €. Chang, and Ronald V. Row
GTE Systems, Westbhorough, Massachusetis

The response of a buried insulated communicaticns antenna to
HAB EMP excitation has been computed. The anteuna is buried
parallel the the earth's surface at a depth of 1.25 m. 7Tt has a
zig~zag geometry arnd a third harmonic resonant frequency at 450
kHz.

The analysis of the antenna utilized transmission line theory
in the frequency domain with the tangential HEMP electric field as
the distributed voltage source term'. The propagation constant,
kitterface .nq the characteristic impedance, Z. Were computed
by an iterative procedure developed by Row<:~ which solves the
approximate boundary value problem formulated by Wait® of an
insulated wire in the presence of a planar interface. The
formulation is dn terms of the average fields around the wire and
requires that the burdal depth be much greater than the diameter
of the insulation. The propagation constant so computed 1s in
good agreement with results generated by Head” who used an equi-
valent formulation.

The propagatiocn constant will be shown as a function of fre-
quency over the HEMP spectrum and compared with the propagation
constant for an infinite ambient medium, k=, . In addition, the
current induced on an infinitely long buried insulated wire
excited by a mormal incldent transient plane wave will be shown
using kioterface gng k=, The comparison illustrates the effects
of the interface on a nonresonant structure in the time domain.
Finally, the results for the zig-zag anteana will be shown as a
functiom of the angle of incidence and polarization of the
incident HEMP. Mutual coupling amenpg the antenna elements is
ignored in all cases.

I, R.W.P. King, "The Insulated Conductor as a Scattering Antenna
in a Relatively Dense Medium®, May 1976, IEEE Antennas and
Propagation, p 3Z7.

2, R.V. Row, "Improved Formulas for the Transmission-Line
Bescription of Buried Insulated Wire Antennas”, 1979,
Annual Report, TR&D, CBD, GTE,

3. R.V. Row, "Additional Formulas for Insulated Wire Antencas
Buried ar a Finite Depth”, Ocrtober 1981, C8D, GTE.

4. J.R. Wait, "Flectromagnetic Wave Propagaticm Along a Buried
Insulated Wire”, [972, Canadian Journal of Physics, Vol 50,
p 2402,

5. J.H. Head, "The Effects of the Air-Earth Lnterface on the

Propagation Couwstants of a Buried Imsulated Coductor”,
February 1970, AFWL, FMP 3-4, INSO,
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IDENTIFICATION OF ANTENNA PARAMETERS FROM TIME DOMAIN
PULSE RESPONSE DATA*

G. A, Clark and L. C. Martin
Lawrence Livermore National Laboratory
Livermore, CA 94550

An eceurate antenna moded is important to the determination of
the responses of electronic systems to nuclear EMP. In our
work, a transient electromagnetic antenna range provides pulse
measurements from which antenna impedance can be phtained. One
modeling technique previously used computes antenna impedance
from time domain reflectometry {TDR) measurements using Fourier
Transform cperations. This paper describes a technique for
obtaining & lumped parameter antenna impedance model dirvectly
from the time domain antenna range data. The method uses modern
parameter identification techniquas in which a nole-zero
(autoregressive moving average or ARMA) model is obtained by
recursively computing the model parameiers which minimize ©ime
domain mean square error. The technique is described, and an
example identification using actual antenna range measurements
is given.

FThis work was performed under the auspices of the U.S.
Department of Energy by the Lawrence Livermore Laboratory under
contract #l-7405-ENG-48,
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SHIPBOARD ARTENNA SYSTEM EMP DESTGN ALGORITHM*

S. T, Li, 4. C. Logan, J. W. Rockway
and J. H. Schukantz

MNaval Ocean Systems Center
San Diego, CA 92152

L. €. Martin and E. J, Bogdan

lLawrence Livermore National Laboratory
Livermore, CA ©4550

A procedure for the design of shipboard antenna systems against
the effects of electromagnetic pulse (EMP} is described.
Exposure to EMP, especially that from a nuclear burst at high
altitudes, can degrade the combat effectiveness of unhardened
air-and-sea-based Navy communication systems, The design
procedure, ar EMP algorithm (EMPAL), is a computer-aided
iterative process which relies on a blend of experimental and
computational technigues. Scale modeling and a transient
etectromagnetic test facility (time domain range) are used to
determine antenna system response functions. Lumped element
models are used in combination with the circuit configuration
and the EMP source as inputs to a circuit/systems simulation
code {SPICEZ) for rasponse computations. The EMPAL procedure
paraileis the EMC (electromagnetic compatihility) design
approach currently in use for Navy shipboard exterior RF
communications sytems design. EMPAL will thus augment the
Mavy's EMC design capabitity.

*This work was pertormed under the auspices of the U.S.
Department of Energy by the Lawrence Livermore Nationa)
Laboratory under contract #W-7405-ENG-48 and was sponsored by
the Naval Ocean Systems Center under MIPREGOIBIMPOOOG.
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COMPARISON OF 1D AND 3D SREMP COUPLING MODELST

d. Regnald Curry
Mission Research Corporation
3720 Sinton Road
Colorado Springs, CO 804907

William F. Crevier
Mission Research Corporation
735 State Street
Santa Barbara, CA  G3101

One of the most wseful analytic tools for calculating SREMP
couplting to long cenductive lines is the 1D, time-domain, trans-
mission Tine model. This model has bDeen extended to include
many site details for & typical system consisting of numerous
buried, distributed conductors. Because of computer cost and
time constraints asseciated with 3D codes, it is desirable to
establish confidence in 1D models for treating such complex sys-
tems. The 10 model, however, has certain inherent uncertainties
assaciated with calculating SREMP coupling to complex three di-
mensionat systems with all the implied mutual coupling effects
at work. To validate the ability of the 1D model to handle such
site datail extensions, a test case is modeied using both 3D and
10 codes.  The ID transmission line analog of the test case is
shown in Figure 1; nuinerous site details are included. Current
and voltage comparisons between 1D and 30 are made for various
selected observer locations. Current predictions on the power
tine system demonstrate excelleni agreement between 30 and 10.
Also, early time (t < 40 sec) predictions on most site conduc-
tars for 1N exhibit Jood agreement with the 3D model.

Buried Cable Antenna

: ) [ i RS

T : S ¢ PIIIIIIIS
AN L =

a m Loaded Power Line | gructure L
i
k] .
FIGURE 1 T
¥ This work was supported by the Boeing Aerospace Company un-

der Purchase Contract No. £75651.
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DEVELOPMENT OF AN IMPROGVED HIGH ALTITUDE
SQURCE REGION SEMULATION CODE

FREODIE W, SMITH (BDM}, WILLIAM R. ZIMMERMAN (EMA)

To assess the impact of the X-ray deposition region EMP environ-
ment on aerospace systems, it is necessary to predict or estimate
the magnitude and waveform of the induced electromagnetic transi-
ents within all interior cavities. A numerical model (computer
program CIRCE!) of the Xw-ray deposition region is described in
which the primary emission electrons are modeted by cloud-in-cell
macroparticle techniques while secondary elactron currents are
modeied by a set of full fluid equations which include transport
effects., Comparisons are made between model predictions and
experimental data taken from 1iterature and are shown to be in
reasonable agresment. Recent enhancements to CIRCE will alse be
described along with their impact on the predictions.

A preper soclution of the X-ray deposition region EMP probiem
requires the simultaneocus sclution of Maxwell's eguations along
with the equations of motion for primary emission and secondary
jonization electrons. The primary and secondary electrons are
accumulated to determine the current density J, which then drives
Maxwell's equaticns. This results in a self consistent solution
of Maxwell's egquations and the electron trajectories.

The initial version of CIRCE made some simplifying assumptions on
the equations of motion for the pr1mary and secondary electrons.
The assumptions being that the ¥ X B term in the Lorentz force
equation is negligible and that the gradient of the pressure in
the fiuid equations is negligible, The impact of these assump-
tions will be discussed along with the dependence of the solution
on the type of differencing scheme employed. A costing algorithm
will also be presented that will demonstrate that CIRCE is in-
expensive compared to comparable SREMP codes.

L Zimmerman, W. R., "A Hybrid Particle Pushing/Fluid Approach to
Modeling the X-ray Deposition Region®, To be published in IEEE
Trans. Mucl. Sci.
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DEVELOPMENT OF A SYSTEM RESPONSE COMPUTER CODE

E. Savage, 5. Chavin, W. Crevier
Mission Research Corporation
Santa Barbara, California 93102
{805} 963-8761

In order to protect vital electronic equipment from upset or damage
in a nuclear environment, systems are desianad with features to mit-
igate EMP effects. Generally this involves one or more layers of M
shielding {i.e., faraday cages) enclosing the electronics of each
subsystem. However, these shields cannot be perfect. Their effec-
tiveness is diminished because of leakage through apertures, diffu-
sion through the shield, and IEMP. Another significant penetration
is the interconnecting cables that enter each subsystem from ouf-
side its shieid. This becomes especially important for Targe sys-
tems in which long cables are necessary. EMP signals on these cables
are even present in a well designed sysiem, one that uses shielded
cables, plus another layer of protection by enclosing the cables in
conduits. These signals are produced in two ways, by M coupling
and [EMP field gencration. The EM coupling involves leakage through
the shield by EMP fields that exist outside the shield, or by IEMP.
EM leakage is by diffusion through imperfect-conductivity metal
shields, or field coupling through holes, as in the many small inter-
braid openings in shielded cables. The IEMP signals result from
gamma rays that can easily penetrate thin metallic shislds and gen-
erate fields inside by ionization from scattering.

These effects have been studied before. Here we report on an effori
to incorporate all the EMP cable driving effacts together in 2 com-
puter code. The aim of the project was to model the effects reason-
ably accurately without making the code too cumbersome. Specifi-
cally, it was designed to study real systems, with arbitrary physical
corfigurations of subsystem enclosures and cables. The terminations
at the cable ends were allowed to be nonlinear, since these may in-
volve electronics or terminal protection devices. Flexibitity was
aliowed in specifying the driving sources. The sources ¢an be given
explicitly, i.e., current functions on cable shields. Howsver,
simple models were also incorporated in the code for other drives,
e.g., aperture and coupling models so the specified drive can be

the fields outside the skin of the total system,

The code was designed for two uses. Because of its ease of use and
fast running time, it can be used to easily analyze and compare
varigus configurations and options for a system. Also, since it
includes both EM coupling and IEMP, it can determine when it would
be wasteful to spend more rescurces on improving shields because
the EM coupled signal was already Jower than the IEMP signal.

This work was supperted by the Defense Nuclear Agency
under Lontract Number DNA 001-81-C-0351.
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INTERACTION BETWEEN AN ELECTROMAGNETIC PULSE AND A
METAL CYLINDER CONNECTED TO A PARALLEL PLATE GUIDE BY A WIRE

Albert W. Biggs
Remote Sensing Laboratory
The University of Kansas
Lawrence, Kansas 64045, U.S.A.

The interaction between an electromagretic pulse (EMP) and a
metallic cylinder, connected to one side of a parallel plate guide
by a wire, is analyzed. The axes of the cylinder are collinear and
perpendicular to the walls of the guide. The EMP is a transverse
electromagnetic (TEM) wave with the electric field intensities of
the frequency components being perpendicular to the guide walls.
The surface currents and charges induced on the cyiinder and wire
surfaces are dependent upon the geometry or spatial dimensions of
the structure normalized with respect to the width of the guide.

The combination of thick and thin cylinders, ar thick cylin-
der and wire, is an analytical model or simulation of airplanes
with refueling booms, traifing wire antennas, and ground-alert
communications Yines.

Two methods are presented for resclution of the field pertur-
bations c¢reated by and the currents induced on these collinear
cylinders, The first method is a two-dimensioral solution of
Laplace’s equation by numerical approximation. This method is
useful for solving many electromagnetic Field problems which have
geometrical shapes not amendable by rigorous mathematical techni-
ques, It is & scheme of replacing differential eguations by dif-
ference equations.

The second method introduces an analytical formulation to con-
formal mapping. It deforms a two-dimensional region into the upper
half of the compiex plane bounded by the real axis. The boundary
of the region becomes the real axis. The expressions which map
the boundaries of the region, usually a geometrical shape formed
by straight line segments, provide formulations of the electric
field and potential contours.
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METHODOLOGY FOR MISSILE PLUME SIMULATION

P. J. Dowling
C. L. Bates
SCIENCE APPLICATIONS, INCORPORATED
Colorado Springs, Colorado

Under contract te DNA, Science Applications, Incorporated has devel-
oped a methodology for simulation of missile exhaust plume effects on
EMP response. Simulation ecriteria and design concepts are briefly
reviewed. The rstiongle for an gclive plume simulater is presented,
together with design requirements for such a simulator based on pre-
lininary sinulation criteria.
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EMP SIMULATION ON [ONG CABLES

by M. Aguet, B. Bergerie, Ph. Blech, M. Tanoviel, C.C. Lin
Federal Institute of Technology, Tausanne, Switzerlesnd

IMP simulation on long cables using sntennas is impossible due
t0 the limited dimensions of the simulator.

In order to verify in such a case the velidity of a previously
developped numerical method of calculation of EMP response |1],
o procedure using impulse current injections iu cable sheabhs
has been imagined. An impulge current was injected in the sheath
of @ coaxial cable of %50 m length and the voltage induced in
the centrel conductor wes messured using a transient digitizer
protected by a shielded cage (fig. 1)}. The value of the induced
voltage was also calculated using a similar computer model as
the one of ref. |i1l. This computer model is based cn the theory
of incremental sources [2|. The calculation is performed in the
frequency domain using the Fourier transform of the impulse
current injected in the cable sheath. The result is then ob-
tained in the time domain by an inverse Fourier transform.

Comparison between calculated snd measured date shows a good
agreement (fig. 2). This compariscn can be taken as a criteria
Tor the validity of the mathematical model of the transfer
between the sheath and the central conductor ot the cable. As
the same model was used for caleulating the ecable response to
an BMP it is possible to conclude that the model should give
reagonable results also for long cables.

)

Fig, 1 View of the experimental Fig, 2 Induced voltage vs.
layout time

experimental dats

-~ = cgleulated data

Referencesg

11 ] M. Aguet, M. Iarovici, C.C. Lin, Transient Electromsgnetic
Field Coupling to Long Shielded Cshles, IEEE Trans. on IO,
vol. EMC-22, Bo 4, November 1980,

i2 | L.W. Ricketts, J.E, Bridges, J. Miletta, EMP Radiation apd
Protective Techniques, J. Wiley, New York, 1976.
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SIMULATION OF THE RESPONSE OF LONG CABLES IN THE AURORA
TEST CELL WITH SLOW WAVE STRUCTURES

C. Berkley, M. Bushell, C. Renyon, R. Manriguesz,
G. Merkel, and W. D. Scharf
U8 Army Electronics Research and
Development Command
HARRY DIAMOND LABORATORIES
hdelphi, MD 20783

Experience indicates that crucial elements of an extended
system should be subjected to a time-varying air conductivity in
order to obtain weaningful SREMP coupling data. hAs a simple
example, let us consider a radio set attached to a relatively leng
horizontal antenna {for example, 50 m). The present limitations
of the AURORA Mark I source-region simulator volume make it
impossible to subject both the radio set and the entire antenna to
a simulated source-region envircnment. Ancther difficult source-
region simulation task might involve the simulation of the
response of a comblned system consisting of an extremely long
cable attachad tec an electronic system contained in an R.F.
Shelter. The HDL SREMP Group has reported on technigues which can
be uged to design “chrunken" antennas which mimic the response of
larger antennas. The underlying “shrinking” technique is to
increase the density of the capacitive and inductive energy around
the shruvken antenna in such a way that the alr conductivity
produced by icnizing radiation interacts with the shrunken version
so that it mimics the system being modeled. The principal idea
underlying the technigue is that the effect of air conductivity is
to produce a loss machanism across the electric field surrounding
the antenna. References 2 and 3 give empirical and calculated
evidence indicating the usefulness of this basic concept. In this
paper, we coasider the possibility of wodeliing the response of
very large systems such as long linear antennas and long cables
with shrunken slow-wave structure versions that are at least an
order of magnitude smaller that the systems being modeled.

T-M. Bushell, R. Manriquez, G. Merkel, W. Scharf, and D, Spahn,
Scurce-Region EMP gSimulator--A Parallel Plate Transmissgion Line in
the AURORA test Cell, IEEE TNE, WS-27, Wo., 6, Dec BO, 1834-1838.

M. Bushell, R. Manriquez, G. Merkel, W. Scharf, and b. Spohn, An
Equivalent Circuit for a Linear oscillating Antenna Tmmersed in an
Environment with Time~Varying Conductivity, ibid, 1857~1862.

. Bushell, R. Manriguez, G. Merkel, W. Scharf, and D. Spohn;
Capacitively and Inductively Loaded Antennas in =z Source-Region
EMP Envircnment, ibid, 1839-18344.

*This work was sponsored by the Army and DNA under Subtask

X920AXVD/EMP Vulnerability Harderning and Testing and Subtask
X9SQARVC/CHP Environsents and Coupling.
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RECENT DEVELOPMENTS IF SOURCE-REGION EMP SIMULATION

M. Bushell, R, Manriquez, G. Merkel, and W, D. Scharf
U3 Army Electronics Research and
Development Command
HARRY DIAMOND LABORATORIES
Adelphi, MD 20783

The AURORA, the free world's lsrgest flash x-ray machine,
was originally designed to sipmulate gtrategic transient radiation
=2ffects on elecironies. During the lasl five years, Harry Diamond
Laboratories {HDL) has devised methods that allew the AURODRA to be
used ag a bacticsl and & strategle source-vegion electromagnetic
pulse {SREMP) simulation ftoel.!=° In an actual tactical SREMP,
the eleectromagnetic field is produced by Compton current drivers
Ltha®t extend over large volumes, Any atiempt to use the Compton
electrens produced by the AURORA to serve as the source current
to generate a tactical EMP simulation is insdequate because the
AURORA test cell and the spatial distribution of Compton electrons
produced by the AURORA are much tco swall.'*? To achieve the
proper balance of lopizing radiation plus electromagnetiec field
neceasary to simulate the tactical SHEMP, a large transmission
line was constructed in the AURORA test cell so that the line
could superimpose an electromagnetic field on the AURGRA-produced
ionizing radiation.?'? In the deep strategic source region, the
air copdunctivity can be ss high as 0.1 mho/m, the skin depth is
small, and the leeal electromagnetie field is produced by Comphon
electron drivers extending over a relatively small volume of space,
Lhat 1=, 2 velume leas than a few cublic meters. For the strategic
BREME, "local effects dominate," and a credible simulation has
been achisved by direct elesectron Injection.®** The technieal
problems and the theoretieal justification for the use of the
AURORA as o SREMP simulation fool will be pregented. Techniques
for analyzing The response of dArmy systems to a SREMP envirconment
also will be digcussed.

R

M. Bushell, R. Manrilgues, G, Merkel, W. Scharf, and D. Spohn,
Source-Heglon OMP Simulstor--A Parallel Plate Transmission Line
in the AURCRA Teab Cell, IEEE THS, MHS8-27, Wo. 6, Dec. 0.

* G. Merkel, W. Seharf, and D. Spohn, Source-Region EMP Simulator--
A Parallel Plate Tranamlssion Line in the AURORA Test (ell, DHA
Zymposium of EMP Simulation and Systew Hardening Proceedings,

Monterey, CA, Oect., 80.

M., Bushell, S, Graybill, K. Kerries, G. Merkel, W. Scharf, and D.
Whittaker, The Direct Injection of Electron Pulses into Air--

A SREMP Simulation tocel, Pree. IEEE 3rd Int. Pulsed Power Gonfer
snee, June 1987.

Y M, Bushell, H. Manriquez, G. Merkel, and W. Scharf, Simulated
Deep Source-Region EMP Coupling to Cylindrical Objects, IEBE
TNS., N3-28, Wo. A, Dec. 87.

M. Bushell, R. Manriquez, G. Merkel, and W. Scharf, Measurement

and Caleulation of the Short~Circult SREMP Response of Vertical

Oseilliating Helical Antennas and Oscillating Loop Antennas, IEEE

THNS, NS-28, Wo, 6, Dec. 81.
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MICROWAVE, BIASED MICROWAVE, D.C. PIE PAR,
RESOHANT CAVITY ALR CORDUCTIVITY MEASURY

]

L. Ambrosa, M. Bushell, {, Kenvon,
. Merkel, and ¥. B, scharf

U Army Electronics Pesearch and
Pevelopment Command

IARRY DIAMOND LABORATORLES
Adelphi, M 2078

This tallk dis
tivity measurenents, (2) microwsve conductiviiy measuren
waveguide with a superimposad de field, (3) d¢ pie pan ioni
condactivity measurements”, and {4) ac resonant cav
of donie conductivity.

When the AURORA Is uwsed in SRIMP-related experiments or tusrs,
a great deal of fonlzing energy es to waste. The Harry Dismond
Laboratories (BEL) SREMP proup has designed a number of relstively
inexpensive vnebirvusive "piggy back" covductivity measurements which
can be used to yield air chemistry data of central inte to the
EMP community, Reeent low pressure alrvy conduciivity o iments
using L~baud micrvowave i sed.

i be disce

both the microscopic
vine whether
ain a more

The basic goal of the work is to undexs
and macroscapic properties of fenized air and s0 L0 4
other gases wight be substituted for air in order to
cost effective source-region simulator.

. Ambrose, M. Rushell, C. Kenyon, 0. Merkel, and
Microwave Measurements oi Conductivivy in Air and
EEE Trans, Nuc, Moo 6, po 44%6, Dec.
. F. Crevier, C, L. bongmir G, Merkel, D. Spahs,
and Boundary Laver Studies with AURORA, I Trar
Vol, NS-24, No. 6, Dec. 77, p. 2406-2410.
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A DISCUS SAREMP SIMULATOR FOR LONG BURIED OBJECTS*

V.ALJ. van Lint W,F, Crevier

Mission Research Corporation Mission Research Lorporation

B.0. Box 1209 P.0, Drawer 719

1150 Silverado Strast 735 State Street

La Jolla, CA 92038 Santa Barbara, CA 93102
J. T, Naff

Physics International
2700 Herced Street
San leandro, CA 34577

A ground hased installation hardened to a Source Region Elec-
tromagnetic Pulse (SREMP) environment can be partly decoupled from
SREMP coupling uncertainties by burying all conductors. The SREMP
interaction problem can then he separated approximetely into two
parts: determining the electric and magnetic fields at the surface
of the earth due to Compton interaction in the air anrd conduction
in the air and earth, and establishing the coupling of the elactric
and magnetic fields in the earth into critical equipment. A par-
ticular version of the DISCUS*™ (Ref. 1) simufation concept has
heen studied to produce threat level fields into the earth near
Tong narrow ohjects, such as buried antenna wires and horizontal
missile shelters, The system consists of a row of small early-time
pulsers, whose triggering is phased to simulate the sweep of the
SREMP waveform across the earth, and a large late-time pulser
coupled to the earth via an array of overhead wires similar to a
shorted STERE array. This paper presents an overview of the design
considerations for pulsers and earth contacts, including candidate
test configurations,

*  This work was sponsored hy the Air Force Weapons Laboratory
under contract F23601-79-C-0043,

** Distribgted Source Conducting Medium Underground System Simula-
tor.

1. C.E, Raum, "EMP Simulators for Various Types of MNuclear EMP
tnyironments: An Interim Cateqorization," IEEE Trans. Ant.
Prop., AA-26, 35 (1978),
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CALCULATION OF THE EARLY-TIME PERFORMANCE
F U5 SREMP STMUDLATOR*

J. DMancz, W. Crevier, R, Stetiner
sier Research Cerporation

P.0, Drawer 719

735 State Street
Santa RBarbara, CA 83102
805-963-8761

The probiem of system hardening has focused attention on the
need to test the CMP response of buried conductors to M fields
produced in the source region, The design of a simulator to por-
form such & test poses many techknical challenges because of the
time scates and amounts of enerqy involived, and hecause of the pos-
sibitity that o farge obi such as a3 buried shelter or wire would
sigaificantiy alter the fields produced by the sieuwiator, Pre-
sented herein i3 & theoretical study of the DISCUS simutator design
{Ret, 1) for early-times {up to 500 ns) for the purpose of demon-
strating the valtidity of this design as a source-region EMP simu-
lator. In addition, atiention has deen given to various structural
aspects of design for the putpose of optimizing simulator perfor-
mance under divferent st conditions,

The basic eariv-time DISCUS pulser design invelves a connected
saries of stngle DISTUS putser rodules. The configuratior thai nas
been considered consists of 51 plates, each 1 meter high, 10 meters
wide and .25 meters thick, with .75 metes spacing hebween the
plates and the plates connected at the center by & high wvnltage
pulser.  Since the NI array may be used fogether with an even
Targer array which woutd serve as a Yate Time driver, the end
plates here were assumed o he intinfiely large.  The pulsers are
fired in secuence to simylate § sweep of a radiation pulse across
the reqion. FEach pulser is assumed to produce 2 similar waveforn
represepntative of the radial electric field in the source region.

Using the AURZD cads we have Deen adTe to model the NISCUS ar-
ray and consider the effects of variaus sail parameters a3s weil as
the effect of different designs of the DISCUS simultator ftself.
Comparisons have been made o an actual source-region EMP? enviran-
ment. with good correlation--given the uncertainty in possidle SREMP
envyironments the system might be exposed to, the differences in re-
sponse observed would seem fto be insignificaent,

* Tais work was sponsored by the Afr Force Weapons Laboratory une
der contract FZI601-79-0-N043,

1. €.E. Baum, "EMP Simulataors for Various Types of Huclear EMP
Envircnments An Interim Category,” TELE Trans. on Antannas and
Propagation, AP. 24, January 1978,
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& DISCUS SREMP SIMULATOR I LATE-TIMES*®

4.5, Dancz YoA.d. van Lint

R. 3tettner R. A, Berger**

W.F, Crevier Migsion Research Corporation
Mission Research Corporaticn PLi Box 1209

P.0. Drawer 719 1150 Sitverado Sireet

735 State Street La Jdotla, CA 92038

Santa Barbara, CA 93102 714-454-3046

805.963-3751

A theoretical study is made of the DISCUS SREMP simulator de-
sign consisting of an array of single DISCUS pulser madules to-
gethar with 2 late-time puiser designed fo extend the threat envi-
ronment to the time scale of several microseconds. The sarly-time
pulser system is discussed in 2 separate paper {Ref. 1}; the pro-
posed Jate-time pulser design is a veltage source applied across
one end plate of the earTy-iime pulser system at ground level ver-
rically to a horizontal mesh of wires raised two meters off the
ground which 15, in turn, connected to the other end plate. This
design is similar tc a shorted SIEGE array. The fact that this ar-
ray is not terminated in its characterisifc impedance has a bepefi-
cial effect upon design, The Toss of current ocutput due o the im-
noedance matching would sigaificantly reduce the output of the late-
time pulser while the reflections of nigh frequencies at the termi-
nation are not significant since these freguencies do not propagate
in this design. {The eorly-time DISCUS desfagn provides the high
frequency driver),

A numerical study of this system was performed ustng the
three-dimensional cartesiar Maxwell solver, AUR3D. A major techni-
cal problem of the walidity of the deep-buried boundary in late-
times was overcome by apniying a solution o the diffusion equation
at that boundary. A comparison with reference studies show this
method to be a powerful technigue, The study of the DISCUS SREMP
simulator demonstrated the viability of the combined excitation
concept. The calculation, which used a simple series RLC equiva-
lent circuit representation of the eariy«time pulsers, revealed an
undesirable interaction between the two pulser systems. The sum of
the early-time pulser voltages exceeded the late-time pulser volt-
age at its turn on, driving current backwards through the overhead
conductors. Subseguent slow osciliations were produced by the
large inductance of the air space when current reversal followed
discharge of the early-time pusier. Combined operation appears to
require en carly-tine pulser whose voltage rises rapidly to the re-
quired peak value and then falls rapidly to a lower steady value.
Apart from this feature, comparisons to a realistic SREMP environ-
ment showed good agreement.

¥ This work was sponsored by the Air Force Weapons lLahoratory un-
der contract F29601-79-C-0043,

®*%  Now at Jaycor, P.0. Box 85154, San Diego, CA 92138

1. Pettus, E., et al., "The Early-Time Performance of a DISCUS
SREMP Simulator”, submitted to MEM 1982,
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EME COUFLING 0 CANGNICAL HISSILE HODELS (ONEISTING OF

DIELECTRIC AND M SECTIONS

3Y
FREDDIE W. SHMITH *

ROBERT FLSHER
Flectro Magnetic Applications, Inc,
1025 Hermosa Drive SE
?.0. Box 8482
Alibuguargue, New Mexico 87158

ABSTRACT

This paper presents the results of a finite difference analysis
of EMP coupling te simple conenical missile models copsisting of
sections of metal representing the nose cone and nozzle ving, and
a dielectric section representing 2 fuel bottle. An interconnecting
raceway cable is included in the analysis to provide direct coupling
between the metal sections in the missile model. Calculations from
parametric variation of the dielectric properties of the fuel were
performed in order to evaluate the nature apd magnitude of the effects
af rhe dielectric on total model response. Both conductive and non-
conductive dielectric sections were considexed here. In additionm,
variations in the raceway cable position and diameter were performed
to eveluate the effects of the dielectric response on the cable.

Perhaps the most interesting and important results from the
vancnical analysis of missiles is the prediction of a dielectric
cavity resonance within the missile fuel bettle. This resonance
strongly affected interior respounse data and was also coupled to the
wire and metal sections of the model. As shculd be expected, both
the response amplitude and frequency of the dielectric mode were
found to depend on the relative dielectric constant of the dielectric
media (sr}. ‘the principal freguency of the respomse was found to

satisfy the cavity mede relatiomship.

A R ¢ = velocity of light; d = width of cavity

Another expected result of rhis analysis indicated that a
certain amount of shielding of the interior regions of the model can
be expected when the dielectric repilon is made conductive., The more
conduetive the region, the more nearly the response current will be
regtricted to the outside of the region due to the skin depth phenomena.
This result has direct appiications in understanding coupling to a
conductive plume and also for Iinterpreting conductive missile fuel
TEesponses.

# F.W. Smith is pow with the BDM Corporation
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EMP RESPOMSE OF COMPLEX MISSILE STRUCTURES

AUTHORS:  Freddie W. Smith, Ralph W. Deltenre, The BOM
Corporation, Albuguergug, New Mexico

Hodern strategic missiles use dielectric fuel tanks as
stractural members. The response of such missiles to DMP
can be quite different from that of the traditional metal
enclosed tank that responds as a fat dipole. The new
missiies generally have 2 metal vaceway connecting conduct-
ing interstage rings and, as a result, have often been
modeled as a dipole with alternating cylinders of large and
small radii. However, previous anaiyses using the THREDH
finite difference code have produced responses that differ
from the dipole response.

To increase confidence in the THREDH catculation, a
series of simple models were anaiyzed, the models vanging
from metal and dielectrics cylinders to others with al-
ternating metal and dielectric sections. Runs were made
with and without raceways. Fxternal currents on metal
cylinders peak in the center, while the curvent on a di-
electric cylinder is uniform altong the cylinder. When metal
and dielectric sections are intermixed, and with raceways,
the total current inciuding the raceway current tends to be
uniform aleng the cylinder, unless the raceway is very
large. Accurate modeiing of the raceway appears to be very
important. The relative Tengths of the metal and dielectric
sections have an effect on the ratio of raceway and dis-
placement currents.

Effects of a simulated plume in an EMP simulator were
also studied. The electrical properties of plumes and their
attachment to missiles have not been completely determined
and very 1ittle work has been done with compiex metal and
diglectric missites. The results of this study provide some
insight into these effects,
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FMP COUPLING TO A COMPOSITE CYLINDRICAL SHELL
. J. Balestri, K. D. Swartz, and D. W. Harmony
The BOM Corporation, Albuguerque, Mew Mexico

A three dimensional model of & clesed finite semiconducting cylin-
drical shell {canister) was developed using resistively loaded wire
segments to refiect the efectrical properties of the composite
waterial. The response was determined using a frequency domain
method of moments code, Using engineering estimates of the resonant
frequencies, the fraquency sampling was limited to those in the
vicinity of the estimated resonances. These results were used to
determine the coefficients of a series of damped sine wave responses
for the time domain fmpulse response. This series was then con-
voived with a double exponential forcing function to estimate the
true time domain response.

Results were compared with one and two dimensional transmission

line models. Agreament was generally good which ingicates: compati-
bility of the separate modeling approaches; and probable validity

of the results.

—
[
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ANALYTICAL SOLUTION FOR EMP COUPLIHG TO
MISSILE BEXHAUST PLUMES

E. E. O'Donnell and C.L. Bates
Science Applications, Inc.
Colorado Springs, CO

Conventional solutions tce the problem of EMP coupling to
missile exhaust plumes treat the missile and plume as a
dipole antenna with a series of discrete loads. These
formulations suffer from a Iimitation in the number of
discrete loads which can be included in the model because of
matrix inpversion problems.

A new formulaticon of the problem has been developed which
allows the impedance of the plume to vary continucusly. The
current on a dipole with impedance per unit length n(z} can
be shown to satisfy the integral equation.

h
I(z} = I (=) —II€Z‘) ety I,(%,2') dz’
~h

where 2h = length of the dipole,
ta = ¢urrent which would be induced on an un=-
leaded dipole,
iv(z‘z') = current on a dipole at point 2 due to a

unit voltage driver at 2’

Technigues for solving this integral eguation will be dis-
cussed and numerical examples will be given.
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LENG TO VARTOUS AYRCRAFT CONG

TIONS

F. Parhani
L. E. Padgevt

TR, Inc.
One Space Park
adendo Beach, CA 50278

An extensive analytical coupling study has been performed for

an aifrcraft in three basic modes: in-flight, ground alert, and
refueling. In order to study vhe ilnfluence of several key parameters
cf the HAB coupling to the air configurations were
carefully selected. The pavan congidered were wing position,
wing leoading {(fuel t 5), refueling by a tanker, aitcraft tie

down and finally pe ok verses Imperfect ground planes, Thesa
configirations were chosen
could easily ]

c, sever

1
T

3f particular intere
the significant dif
when comparing the mors ewact
popuiar but approwimate Rel
weve the use of the thing w
Numerical results for the skin
configuraticns have been comput
full scale test data. Several
future worst-case aircraft

aiveraft response {(at EMP freguencies)
on (1} to the
agtion icient wmethod. Also compared
wersug the extended thin wire kernels.
ponse under the varioos

and compared with the available
key ocbservations were mado to assist
wation selection.

=

fi} J. N. Brittingham, v, and J. 7. Okada,
Interpolation approach forv effici
antennas nezr a half-space,” Elec
PP, 690-091, HNew. 1977,
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13,

ronlc Letter, Vg
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ANALYTICAL AND EXPERIMENTAL VERIFICATION OF BMP EFFECES
ON CONDUCTIVE ROCKET MOTOR PLUMES, WNOZZLES AND ICGNITORS

£.R. Stribling

The paper describes the analytical and experimental effort
conducted on small rocket motors to verify the EMP effects
on a conductive plume and subsequent coupling of energy to
the rocket motor nozzle and the dgnitor {(located at the
forward end of the motor}.

Duriang the analytical porticn of the progran, motor chamber,
nozzle and plume chemistry codes were exercised to determine
the electron densities and collision freguencies present in
the motor-plume system. The outputs of these codes were
then used to input plume coupling codes which deterained
electromagnetic coupling to the plume, nozzle and ignitors.
The motors analyzed were small (3 inches in diameter and 30
inches 1lony), had electro-grade carbon nezzles and end
plags, and fiberglass cases. Tha propellants were similar
Lo those used in MX motors,

The experimental portion of the program lnvelved mounting
the motors vertically {nozzle up} in a dielectric stand
above a wire mesh ground plane. The motor~plume systems
ware then driven a monopole antenna over a ground plane.
Twa types of excitation techniques were employed. ¥Flrst,
the motors wers driven as base~driven wmonopoles and second,
a monopole antenna was seb up 1n the vicinity of the motors
and the scattered field was used to excite the system. The
current at the base of the motor-plume "antenna” was pea-
sured ko examine the effect of the coupled current or field
onto the plume, nozzle and end-~plug {(ignitor).

The driver £for the measurements consisted of a specirum
analyzer, tracking generator, power anplifier and antenna
transition network. A Dbalanced curreat probe was used for
the bhase current measarements winich was then routed to a
balun and sobserquently to the input of the apectram analy-
zer. In this manner the entire frejoency spectrum of inter-
est {1~100 Miz) was exanined by sweeping the tracking gen-
erator through the fredquency range several times during each
mobor burn.,

analytical and experimental results conflrm the coupling of
eneryy, both to the nozzle and down the motor chamber to the
ignitor, when driven directly. Experimental resulbts aiso
confirm the coupling of energy onto the plume and to the
motar nozgzle from a scattered EMO fiegld. The effect was
greater than predicted by the plume vodes, and a study is
currently underway to determine the source of the discrep-
ancy -

This work 1s sponsorsd by Headguarters, Defense Nuclear
Agency ., 130



CIRCUMFERERT AL RIBUTION OF AN ATRURAFT

GROUND

Ti

Dne
Redaonde

The present nethod [1] wsed

order term (2o % H) of the current density induced on an infin
cylinder in fyee space to the awial curvent density compured ¥
wethod-of~moment 27, on to
dengity is usged external coupling anslysis of an a2irc

4 been shown to improve the asivhorne x
ale model data. T correction Lo th
d feroan alvers n the ground alert mode, but
fmprove this computation as g i

the airbo

riszonsg with sc
cuyrent densi
the resul
the airborne

in compa

do

In this paper we determine the ciroumfersntial correction fo the
current density for an aircraft in the ground mode by considering
the distributicon of current on an infind inder over a ground
plane. The effects of higher ovder terms in the ¢xpansion of rhe
current density for an infinite ovlinder in free space and ever a
ground piane are examined anpd the results are compared to
model measurements to detarmine the significance of fhese terms in
the aireraft coupling an E The current dens induced on a
finite evlinder free space is erxamined and the results are comparved
with these of the infinite cylinder.

{11 <. p. Taylor, "Ext
Adreraft and Missiles”,

64 (1978)

Interaction of the Noclear EMP with
I Trans. Antennas and Prop.,

G. 3. Burke, and A. J. Poggio, 20 Prograw Description, TPart 1
Theory, Part I1: Code, Part TIT: Users guide,", Air Force
Weapons Lab. Tech. Rep. AFWL-TR-76-320, Sep:, 1876,
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TWFLUENCE OF IMPULSIVE
(EMP) ON
DURING STORAGE IN 08

ELE
TRONIC SYET
POTS AND MIZSION IN SEA-WATER

TROMAGNETLC PIELDS

ME

N
0. TRINKS ) and J.L.
Technical University
Harburger Schlolstrals 20,
German FPederal Armed Forces University Hamburg
Holstenhofweg 8%, 2000 Hamourg 70

West Germany

w1
*

Theoretical investigations are reported concerning the
diaturbance of military electroni by impulsive electromag-
netic fields - caused by e.g. lightning, strong radar besms,
ard nuc r >, The alectiron weapon systems are consldered
during EMP-influence uader va us conditions: the weapon
system being stored in the ordnance depot, installed at the
waapon platform (ship oy submarina) re for action, and
finally the weapon during ibs mission . underwater vehicle
marching in sea-water coupiled with eleactric cables to the ship.

The conseguence of impulsive electromagoetic fields,
acting on weapon systems, is difificult to predict and strongly
dependant on the sensivity and structure of the electronics in
the weapon. However, the interfering influence of EMP can be
predicted by thaeoret 1 computations dependant on the kind of
the nuclear weapon (High-aAltituda-EMP or Low-Altitude-~EMP) as
well as on the situation of the electronic weapon systoms
{e.g. during storage in depets and during mission Ln sea-watex) .

By theoretical computations the following ques
tried to be answered s ematicallys which electyric and
magnetic field strength disturbs electronic systems stored in
more or less EMP-zhieled rooms, or installed on ships or
submarines; which time dependence show the influenced EMP-
signals, and which wvoltage siygnals in secondary loops ~ caused
by EMP - are to be expected; which electric and magnetlc Eield
strength is expected in sea-water with d erent propartions
of salt and with increasing water depth; Which current signals
are to he erpectaed in electric cables in sea-water {(two-wire
lines, control lines of e.q4. underwater vehicle)?

An extensive compilation of theoretically investigated
results 1s given concerning weapon systems influenced by EMP
during storage in depots and during their mission, espscially
in sea-water. Possible applications of the general results to
special weapon gysbems are discussed.

2

ions are

Reference:

C.E. Baunm, EMP Interaction, Principles, Technigues
J.P. Laskillo, and Referencoe Data
J.H. Darxah, Alr Torce Weapons Laboratory (NTMT),

Kirtland Air Force Base, New Mexico, USA,
Dec. 1980
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P COUPLIRG TO & PARTIALLY SHIELDED CABLE
¥, L. Thompson

TRW, Inc.
One Space Park
Redondo Beach, CA 30278

A method of cowpnting the load currents for a partially shielded
cable illuminated by plane waves is presented. This anpalysis is
accomplished by considering a superposition of the coupling due to
the shielded portion of the cable, the exposed portion of the cable,
and the pigtail termination of the cable shield. Standard trans-
mission line thecry is employed to compute the load currents for

the exposed and shielded portions of the cable. The exposed

portion of the cable is modeled as 2 single line over a ground plane.
The shielded portion of the cable I's modeled as a single line covered
by an imperfect shield over a grouwnd plane. An inductive coupling
nechanism is used to compute the contribution to the load currents
from the pigtail terminaticn of the cable shield. Numerical results
are presented and degradation of shielding effectiveness is
discussed.
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THEORY OF PERFORMANCE AND COST-TO-HARDEN GF LARGE C3I
METWORKS UNDER NUCLEAR-STRESSED AND ECM CONDITIONS*

Ira Kohlberg, GTE Products Lorporation
STRATEGIC SYSTEMS DIVISION
Westboro, MA 03581

A theory far pregicting the performance and survivability of Terge
redundant path C°1 neiwerks under suclear-stressed and ECM con-
ditions is developed. These communication systems {typified by the
PACOM networks) possess nearly a thousand nodes {message centers,
relay terminals) and propagation links ranging from ViF to SHF.

The networks include numerous critical message centers {e.g., com-
mand posts}, with the required performance between them generally
heing different. The performance of a network is evaiuasled in terms
of a set of functions Fﬁ(z,t) which for the ptl command post pair

is defined as the probability that the character ervor rate (CER) is
less than ar equal to z, at Lime t following the onset of the threat,
It is shawn that F {z,t) s of the form:

Fulzat) = 7 £, (2,00P (1) + L1 6 (2,) 6, (2, 0)P, ()P, () + REE e
where the P*s are functions of the products of the individual prob-
abilities of survival, P;, for the nodes, and the G's are funciions
of the Yink parameters, The ¥ and G functions depend upon the entire
connectivity between the command post pair and hence incorporate a
part of the redundancy in the system. Whereas the nodes are modelled
as binary random variables, the links have a continuous distribution
in CER due to degradation of the propagation medium caused by nuclear
detonations. Numerical methods for computing F(z,t) are presented.

sing the aforementioned equation for F, we find the minimum cost to
achieve network survivability by first selecting the required CERs
between coimmand post pairs, z,, and the Time £, at which minimum per-
formance is to be achieved, We subsequently axpress the network cost
function as: Cyp=rCi(Py), where Cy(P;)} is the cosi required to harden
node 1 to probability of survival Py, and # fs the number of nodes.
Minimizing Cy7 subject to the set of inequality constraints,
Fu(zu,to)zﬁp = constant = required time availability for each n gives
the minimem cost for network survivahility, The relevant mathematical
algorithm is discussed, Several realistic examples of the performance
evaluation and cost-to-harden are rendered.

* Work performed under contract DNA-001-79-C-0167
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DETERMINING PROBABILITY-OF-SURVIVAL
OF COMMUNICATION-FLOW THROUGH
LARGE NETWORKS SIMULTAHECQUSLY

STRESSED BY LMP AND MHD

Henry Root
Syltvania Systems Group
Communication Systems Division
GTE Products Corporation
12g

29
Meedham Helghts, MA (2794

Analylical studies of the ranges of coupling and failure Tevels
are ysed to define a probabiiity of interrupt for critical com-
munication elements.

Failures can ocedy at a multiplicity of Jocations, and at differ-
ent times, in the network.  This s due %o the combined effects
ofy diffevent time histories of EMP and M0, the response times
associated with the Individual failure mechanisms, and propaga-
tion of the Taults within the network. Some upset modes create
outage fimes equivalent Lo that of equipment damage.

The probability of intervupiing communications flow and the pro-
bable durations of such interruptions depend on well known
interdependent reactisns within fhe communication network and
the specific nodal interconnectivity involved. Probhability-of-
Survival is developed in terms of Percent-Time-Availabiiity,
during scenario for call initiation and message transmission.

Results of the modeiling of coupling and failure wmodes and nodal
interconnectivity are given. Methods for optimizing network
designs to promete lowest cost with highest survivability are
discussed.  The effectiveness of lTinear hardening technigues

and the benefits to hardness maintenance are also discussed.



FMP-HARDENING OF EXISTING C?
GROUND FACILITIES

G. E. Morgan

ARutonetics Strategic Systems Division
Reckwell International

Anaheim, California 92803

Alternative techniques are described for the low-cost but
effective EMP-hardening of existing critical command, control
and communications [C3?) facilities.

The approaches cutlined will utilize Tow-cost add-on
shielding technigues, combined with effective penetration
protection for high confidence in the survivability, and minimum
Tife-cycle costs. Corrosion control technigques and EMP hardness
monitor systems assure that survivability is maintained for a
twenty-year life, again at low cost.

New techniques are employed for cobtaining the required
shielding-effectiveness. Shields are applied to the exierior
of some facilities, and to the interior of others. New filters,
or fibre optics, are employed for telephone circuits. Special
attention is given to penetration panels and grounding.

ImpTementation technigues are desianed for essentially
no shutdown during instaliation. Thus, there is no interruption
of operational service, or disruption of normal operations of
personnel.

Costs are low in relation to the facility costs and very
much less than the cost of new construction.

Work performed under the auspices of the Defense Nuclear Agency
(Contract No. BNADO1-80-C-0257) and the Afr Force Weapons
Laboratory (Contract No. F29601-80-C-0036) {Subcontract
$C-0036-80-003) .
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ELECTROMAGNETIC SHIELBING PROVIDED BY WALLS
APPLICATION T0 BUILDINGS WITH TELECOMMUNICATION EQUIPHENT

M. HEDDEBAUT. P. DEGAUQUL, B. DEMOULIN

Litle University, Electronics Dept,
59655 Vitlaneuve ¢'Ascg [8dex
France

J. HAMELIN

Centre National d'Etudes des Telecom..

27301 Lannion
France

agnetic waves, walls of buildings can be
rst approximaticn as the super9051b10ﬂ cf a
tow conducting material (brick, »oncre+e) and a wire mesh
screen, To determ heuretwc*?%y the shielding effectivencss
of these walls, the simplest soiution is to study successively
the peretration of a plane wave on a conducting layer and on a
wire mesh assumed fo be infinite in extent. In this paper we
comnare the theoretical and experimental values of the sh
ding tn time domain and also &5 a function of frequency
I #MHz - 500 MHz range.

For the electron
considered, in a

At first, measurements in time domain have been made inside
an FL.M.P. simulator. B metaliic box with an cpen side has bheen
used. This side, with a surface of about 1me, can be filled
With & concreie wall, @ wire wesh, 2 metallic plane in which
various hotes have been made... A comparison of the shielding
effectiveness of these various siructures is given.

Then the inherent shislding provided by bullding struciures,
where telephone exunargﬁs are set up, were meosvred in frequen-
cy domain. As & source, AM. and FOM. breadcast transmitlers
can he used. However fm order to avoid field amplitude fiuc-
tuations and to £111 the various gaps in the frecuency rande,
mobile transmitters were used with a rhombic antenna in the
3-30 MHz range and Yagi antennas between 50 and 500 MHz. The
i vradiated power was about f Lts, the trapsmitier being
sityated at few hundred meters of the double story buildings
under test. The LXtPrﬂai‘}Pid were measured ai various points:
on the rocf, at the fivst and at the ground level. Interior
measurements have been made at varicus distances from the
outer walls and near the electronic equipments. A comparison
of the electric-Tield and magnretic-field attenuation i3 given.
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THE EMP SHIELDING PROVIDED BY
PRE-ENGINEERED METALLIC BUILDINGS

by
K. A. Perala
EMA, Inc.
P. 0. Box 26253
Denver, folorado 80226

Pre~engineered metallic structures {e.y.. Butler buildings} ars
often suggested as a means to provide EMP shielding for {5 assets.
These structures are relatively inexpensive and cen be quickly
constructed. The question naturally arises regarding how wmch
shielding they really provide. The objective of the work sum~
marized in this paper is to evaluate this shielding.

The approach is experimental. A Butler hut (20'W x 25'L x 12'H)
was constructed according to standard specifications at Harry
Diamond Laboratories' Generic Verification Facility {GVF) at
Woodbridge, YA, Tt was positioned such that it could be 1lumined
by either a vertically or horizontally polarized transient source.
Respenses (energy dissipated in load resistors) of aJarge Teop and
dipole were measured inside the structure for three orthogonal
orientations at a large number of locations. These were compared
to the responses measured at the same locaiions before the struc-
ture was in place. The configuration of the structure was varied:
the entrance door was either open or closed, and the metal
building was either floating or comnected to the earth ground sys-
tem by welding #6 steel wire between the GVF rebar mesh and ihe
structure panels at two foot intervals along all four walls.

With the door closed, the shielding was measured to be between
approximatety 4 and 30 dB, with most results in the 10 - 20 d8
range. With the door open, the shislding decreased markedly, and
in fact, enhancements {negative shielding) were noticed. Connec-
tions of the structure to the earth ground system resulted in

2 - 8 dB changes. Tn most cases the shielding was increassd by
making this earth ground connection, but it was reduced in other
cases.
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DEVELOPMENT OF CRITERIA FOR PROTECTION OF HIGH
EFFICIENCY VLF AMPLIFIERS*

Jd. C. Logan
Waval 2cean Systems Canter
San Diego, LA

L. C. Martin
Lawrence Livermore Kalionadl Laboratory
Livermore, CA 34580

V. €. Martins
SR
Reszton, VA

Tie Very Low Frequency {VLF) transmitting stations are key to
Navy strategic communtcetions with submarines. The axisbing VLT
transmitiing systems are in the process of heing replsced with
technotogically new high efficiency, high power [megawati)
ampTifiers which are potentially vuinerable to the threat from
the high attitude nucles ectromagnetic pulise {HEMP),
Preliminary hardening criteria or guidelines have been
estahlished through consideration of some of the general aspects
of all the fized YLF cites, analysis of a specific <ite antenna
configuration, and pricr work cn other communication

facilities. The criteris presented are to provide a basis for
future development work far the amplifier systems under
considerabion.

FTRIS Work was performed under the auspices of the U.5.
Department of FEnergy by the Lawrence Livermore Nationa)
Laboratory under contract #W-7405-ENG-48 and was sponsored by
the Waval Ocean Systems Center under MIPREGOIRIMPOOZS.




PROTECTION AGATNST LIGHTNING AND EMP SURGE VOLTACGES
BY MEANS OF GAZ ARRESTERS AND SPECIAL DIGDES

J.L. TER #ASERORG” ana u. Trmmret*)
#*} German Federal Armed Forces University Hamburg
Holstenhofweg B85, 2000 Hamburg 70
**} Technical University Hamburg-iarburg
Harburger SchioBstraBe 20, 2100 Hamburg S0
Weslt Germany

Impuisive electromagnetic interferences are able to
cause extreme surge voeltages on cables. Dependent on
risetime and magnitude these surge voltages may
disturb and under certain circumstances destroy elec-
tronic systems. In principle it is pessible to suppress
these transient voltages by means of special protection
circuits.

In the following the most unfavourable case con-
cerning voltages limitation is assumed, that is an
unsymmetrical cable and therefore a ¢oaxial construc-
tion of the protection circuit. These circuits are
available for lightning surges with edge steepnesses
of about 2 kV/us. The output voltagesof these circuits
are limited to e.g. 24V. In case of WEMP there exist
much higher edge steepnesses up to a value of 10 kV/ns,
therefore the limitaricon of the output woltage to
values less than 100 V is more preblematic than in
cage of lightning,

The behaviour of different gas arresters is in-
vestigated experimentally for ftransient voltages with
edge steepnesses up to 10 kxV/ns. In connection with
very gquick diodes with response times less than a
few pico-seconds (theoretical) and a large peak power
dissipation it is possible to vealize a passive
protection clreoult against exbreme surge volbages.

The protection ¢lrcuit developed has a ceaxial
construction with the folleowing features: 1. 504~
technique: 2. maximal output voltage esgual

to or less than 100 V for surge voltages with edge
steapnesses up to 10 kV/ns (WEMP) in consideration of
a minimum insertion loss.
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SURGE ARRESTERS A5 EMP PROTECTIVE DEVICE

L. Blvall

T. Karlsson
N

581 11 LINKOVFING, SWEDEN

Specifications for transients In the nancsecond time regime are
ugually not given for commersiaily available surge arrestors.
Hence, there is a great uncertainty i1f such arresters are fast
enough to protect against EMP surges with rise times considerably

sharter than 100 ns.

An experimental investigation has been undertaken of several
surge arresters, The experimental results have been Interpreted
using a simple thecoretical model. Pulses with a & kV/ns rate of
rise were used during the experiment. It was found that all the
arresters consisting of an aly spark gap in series with a varis-
tor have a sufficiently fast response for EMP protection purposes,
To obtain this fast response requires that the coonector leads
are short to make the inductance low. The experiments also show
that there Is little to gain in changing the design of the spark
gap and internal leads, the reason being that the main part of
the inductarce 1s often due ro exterial connectlons. For compa-
rison purposes the arresters was replaced by a copper piece
shaped as the arrester itseif, and no appreciable enhancement

af the protectis

&

[£lciency was observed. It is, however, quite
possible to achieve an inftegrated design of the arraster, connecs
tors and a low pasgs filter into a combined unit which provides an

appropriate degree of EMP protection.
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ABSTRACT

AVSHELL——AN IMPROVED BACKSH : DESIGHT

G. L. Jones

Tivision
201 uOWLli Gtreab

Wilmington, M 01887

Thig HELL backshell provides complete peripher=]l
bonding of all cable and wire shields to the backshell
and backshell support. s0 Wilh minimal distur-
bance to the inner-wire on suppression compound,
thus meeting @ero-length termination constraints. import-

for SGEMP control. Si icant electromaghnetic and
sMP hardening benefits r o that the cable
blies perform up to Lh wmaximum thecoratical
i i limited only by : Braid shields. The
edance of mbyly at 100MHz is
the assembly '

i@ figure below outllnps the salient features of

n. At the heart of the concept is the peripheral
tinned bonding of the twisted wire pair {TsSP) shield to
Lhe terminating disk (A) and the disk to the backshell
)uonort (H) and backshell{C) . This terwmination eliminates
11 pigtail coupling etffec wilhin the backshell and
connaction The gable overbraid is tinned to the bhack-
shell, and the entive backshell is £filled with low-2
potting, further controlling SCIMP response of the back—

i1 mnd connegctor. The tinning is done by a vapor phase
that heats the backshell components and
and uniformly. The design is further
reproducibility and reliability.

Lo ¥ POTTING Ibl Cm,}

/‘\,\ MAX

[

PURE TIN 360°
TIN FLOW AT ALL MECHANICAL JOINTS

*This work was %vpportod by the U.5. Air Force under
caontract FO4704.-79-C-G062. Patent Pending.
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JCTRICAL BREARDOWH CHARACTERISTICS COF 50IL

T. M, ¥lapagan and O, E. Ms
JAYCOR, San Diege, CA

When a large wvoliage pelse is applie
buried in soil, the s0il will bresk down electrics
will flow hetween the covnducters.  The breakdowr
characterized hy a thres Ficld for breakdown,
applicatvion )f rhe voltage pulse and the breakdown, and the pos
I-¥ chara

Fold

The threshold elscrric T i for breakdewn is a Topcoion of the soll
waler oong {probably bheczuse of its effect on the goil electvical-
conductivity and dieleceyic constant) and soll type {prebably because
grain size). For very 15 pulses and water contents cutdd 77 by we
threshold fields are on the order of 1 MV/m. Fer drier samples, the
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EARTH BREAKDOWN IN CYLINDRICAL GEOMETRY=®
I. IMPEDANCE CHARACTERISTICS

¥.A8.J. van Lint and J.Y. Erler
Mission Research Corporatien
P.0. Box 120%
1150 3iiverado Street
La Jolta, CA 92038
714-454.3046

Electric breakdown of earth arcund buried conducters is an im-
portant facet of nuclear EMP coupting to lang lines. Earth samples
with caaxial cyliandrical electrodes were subjected to multi-mitli-
second Tong high-voltage pulses., The effective resistivity of the
earth as a function of electric field and time after application of
the field was determined by measuring the radial voltage profiie
with high-impedance voltage probes. The results for 300 9 m sam-
ples are:

L. The threshold electric field for streamer initiation was
1060 kV/m for .002 m* elsctrode area.

2. The threshold eiectric field decreased with increasing
electrode area.

3. Streamers propagated outward in diverging electric fields
down to ~100 kV/m.

4, The streamer resistance decreased with fime to ~300 us.

5. The streamer resistance decreased with increasing cur-
rent. Electric fields lTower than 10 kV/m were measured
at ~100 A,

6. The earth resistance recovered with decrease In current
within <500 us.

*This work was sponsored by the Air Force Weapons Laboretory under
contract F29601-78-C-0082.
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FARTH BREAKDOMN IN CYLINORICAL GEUMETRY*
11, DEPENDENCE ON SOIL TYPE

J.W. Erler and V.ALJ. wan bLint
Mission Research Corporation
P.C. Box 1209
1158 Silveradc Street
La Jolla, CA 92038
714-454.3046

Soils with resistivity between 100 and 7000 Onm-m were subjec-
ted to high voltage puises of multi-millisecond duration in coaxial
cylindrical seguent geometry. The earth resistivity as a function
of etectric field and time after application of the field was de-
termined by measuring the radial voltage prefile with nigh-impe-
dance voltage probes. The results include:

1, Tne threshold electric field for streamers initiation ia-
creased by a factor of 2.5 for resistivities increasing
from 100 Chm-m to 7000 Ohm-m.

2. The apparent relaxation time at which fhe streamer resis-
tance comes to eguilibrium at a given current is ~50 us
in 7000 Ohmem sand, ~100 pus in 1000 Ohme-m sand, and
=300 ys in 300 Ohin-m sand.

3. The streamer resistance at high currents appears to be
almost independent of initial soil resitivity.

*This work was sponsored by the Air Force Weapons Laboratory under
contract F29601-78-C-0082.
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EARTH BREAXDOWN (N CYLINDRICAL GEOMETRY*
ITI. STREAMER STRUCTURE

V. A.Jd, van Lint, J.W. Erler, M.R. Warburton
Mission Research Corporation
P.d. Box 1209
1150 Silverado Street
La Joila, CA 92038
714-454.3086

The streamer stfucture produced in coaxial cylindrical geome-
try by high voltage, muiti-millisecond pulses was studied by three
technigues:

1.

2.

The re

1,

Measurement of azimuthalfaxial voltage profile with high
impedance voltage probes placed at a fixed radius from
the centar conductor.

Measuremeni of voltage profile on an array of isolated
conducting cylinders placed azimuthally and axially at a
fixed radius.

Decoration of a conducting plastic sheet placed in the
earth at a fixed radius.

sults indicate:

in a 90° x 0.1 » fong secter experiment only one streamer
was formed. 1fs core is 0.3 mn in diameter at currents
from 1 A to 100 A, It is surrounded by radial electric
fields Targe enough to form Lichtenberg figures in the
conducting plastic,

In 360° x 1 m experiments a few {<10) long streamers

are ohserved. There 15 probably a high density of short
streamers near the central electrode at high applied vol-
tages.

While there exists some hias for very long streamers that
arc-aver between conductors, the location of the stream-
ers varies from shot to shot.

*This work was sponsored by the Air Force Weapons Laboratory under
cantract F29601-78-0-0082,



EARTH BREAKDOWN IN CYLINDRICAL GECMETRY®

iV, MODELS
¥oAGJ. van Lint Jul. Gilbert
Mission Research Corproetion Mission Research Corporation
P.0O. Box 1209 P.0. Drawer 719
1150 Silversdo Street 7135 State Street
ta Jolla, CA 92038 Santa Barbaras, CA 93102
714-454.3046 805-963-8781

Results of earth conduction and breskdown experimenis [Ref.
1-2) suggest features of microscopic and macroscopic models of the
breakdown process. Under excitation with slowly rising {rige time
> 0,1 ys) electric fields, the data suggest:

1.

Streamers are formed and propagate by z thermal runaway
process, in which positive feedback is provided by a neg-
ative temperature coefficient of resistivity. Under lang
sulse excitation this process occurs at Tower electric
figlds than the short-pulse air-cell breakdown inferred
from referance 3.

The characteristic Tields, currents and relaxation times
for streamer formation and propagation are determined by
the geometry and conductivity of water filaments thread-
ing through the earth sample.

The transition from a conducting liquid to a high current
arc is not yet understood. It probably involves a nega-
tive temperature coefficient of resistivity near room
temperature and a low density plasma channel in 1ts high
current state.

A buried cable excited to high voltage will be surrounded
by & large density of short streamers, with a few long
streamers,  The Tong streamers will be extensively
decorated by short branches. The resulting electric
field away from the erhancement points at streamers will
be £ 100 k¥/m.

This work was sponsored by the Air Force Heapons Laboratory
under contract F28601-78-C-008E.

C.E. Mallon, et al., "Electrical Breakdown Characteristics in
0.8 to 1.0 Meter MX Soi) Samples", unpublished {September
1981},

VoA, van Lint, J.W. Erler, "Buried Conductor Studies",
unpubl fshed [(December 1981).

T.M. Flanagan, et al., "Electrical Breakdown Properties of
S011", TEEE Trans. Mecl. Sci. N5-28, 4437 (December 1981).
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VAPORIZATION/RESTRIKE CRARACTERISTICS OF BURTED INSULATED CONDUCTORS

T. M. Flanagan and C. E. Mallen
JAYCOR, San Diego

When a sufficiently large voltage pulse is applied to a metallic wire in
air, it is well known that the wire will vaporize and its resistance will
increase rapidly. Then, after a delay time that depends on the compositiocn of
the wire and the magnitude of the voltage pulse, a restrike arc will be
generated in the metallic wapor, causing the resistapce of the vaporized wire
to decrease dramatically and the transuicted current to increase correspond-
ingly until the pulser voltage decays away. However, when the conducting wire
is tightly enclosed in a dielectric sheath and the resvlting cable is buried
in soil, it was not koown what the vaporizationfrestrike characteristics of
such cables would be, or even if a restrike would cccur at all.

To study this problem, 40~cm~long test samples were constructed by attach-
ing strips of metal, 5 wils thick and either 1/4 or 1/2 inch wide, to a 3/8-inch
diameter fiberglass rod. For some samples, the strips were parallel to the
axis of the rod whereas, for othexs, the strips were wound helically on the rod
with spacings between adjacent turms. The metal was then covered with 15 mils
of semicon XLF wrap followed by 280 mils of polvethyizne shrunk-fit over the
ensemble. The metals used in the tests were iron, aluminum, stainless steel,
and Inconel 600. Voltage pulses up to Z00 kV with currents greater than 100 kA
were applied at the McDonnell Aircraft Lightning facility.

Depending on the magnitude of the voltage pulse, the samples vaporized and
restruck in times from 5 to 50 us. Restrikes could be generated for all sample
geometries and metals, with pulser voltages sometiwes as low as 60 kV across
the 40 cm samples. When the tests were performed in air (no soil), the poly-
ethylens jacket avound the cable was completely shattered. When the tests were
performed in soil, the wapor blew out through the dielectric in a series of
holes along its lemngth. However, the restrike characteristies were essentially
identical for a given sample and voltage in air or im soil.

The restrike is significantly slower for a dielectrically confined metal
compared to the same metallic configuration without an outer dielectrie. The
peak in the curve of resistivity versus action iz considerably broader for the
dielectrically wrapped cables and is a function of the applied bias. Data will
also be presented comparing the different metals and cable geometries,
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Effects of High Current Arcs on Insulated Wires
J. Lavery, R. Piejak, 5. Bobertsom, J. Waldron, H. Wilhelmsen

GTE Products Corporation, Strategic Systems Division,Westborough, Hass. 01581

We examine the potential damage caused in wires consisting of a central
copper cenductor surrended by polyethylene.

We present the resulvs of a quantitative investigation of the effects
of a test wave form on an insulated conductor. We find, based on the
experiments and computer studies that the high-current arcs may cause
erosion of the center conductor reducing the wire creoss section by 30%
to 50% of its original value. The polyethylene insulation suffers moderate
damage in the form of a pencil-sized melt channel, High-speed motion
picture film with a time resolucion of 125 us shows that molven polyethylene
is forced our of the hule as sarly as 0.3 msec by the high pressures genevated.
Experimental samples have clean highly resistive interier surfaces of
the avc channel.

Additional knowledge about wire erosion process was gained through
experiments on bare, rod-shaped electrodes. These show that molten copper
is expelled from the electrodes at about 6-7 msec. The expulsion of liquid
copper increasecs the erosion rate by an order of magnitude. This vesult
has profonnd implications. It follows that the tail of the arc current
plays an important rele in deteymining the extent of electrode erosion.
Erosion may be greatly enhanced if the arccurrent remains above 1 kA for
ionger than about 10 msgec.

Intense arcs appear to be capable of severing a copper wire of 0.5-1 cm
diameter, if they last longer than about 20-40 msec.
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EMP Damage and Currenl Hode Second Sreakdown
in Epitaxial Planar Transistors®

L. C. Martin, J. H. Yee, J, C. Koo, and J. £, Peterson
Lawrence livermore Mational Laboratory
Livermore, [alifornia 94550

EMP damage thresholds in semiconductor junction devices have been investigated
much during the past decade with attention given to relatively simple thermal
models and empirically determined pavameters. Discrepancies hetween model
predictions and/or & considerable spread in threshold values are evident from
test resuits in many cases. This wark reviews the mechanisms of second
breakdown with presentation of computations and experimental datz which shaws
refatively clear avidence that the current mode second breakdown {CSBY may
dominate &t shorter pulse widths with consegusnt lowering of damage threshoid
belaw that predicted by a thermal second breakdown {T3B) process.

*This work was performiéd under the auspices of the U.S. Department of Energy
under contract #W-7405-ENG-48 and was sponsored in part by the Air Force
Weapons Laboratory under P, 0., 87-037.



DAMAGE MECHANISMS FROM CURRENT DISCHARGE OF BURIED STRUCTURES

R. i. Hutchins, The BDM Corporation, Albuquerque, New Mexico

F. Tesche and B. V. Giri, LuTech, Berkeiey, Catifornia

Underground nuciear biast hardened structures often consist of an
electromagnetic shield surrounded by & concrete layer. Thase
buried structures must withstand large electromagnetic transients
from EMP and tighining. This presentation addresses the potential
far damage of the concrete liner due to dischavge of these tran-
sients. The demage possibilily occurs because the concrete-shiietd
wechanical bond s obtained with metal studs (e.y., Nelson studs)
attached to the shieid. These studs with a nominal diameter and
Tength of Tom x 10cm concenivate electric current densities such
that Targe Tocal heating and mechanical expansion is cbiained.

Damage criterta ave developed in terms of curvent flow, electric
field breakdown and thermal models. Curvent Tlow is modeled in

terms of & quasistatic resistive network based on an electrode
imbedded in & conducting media, The model includes effects of

shield area, electrode shape, number of studs, a counterpoise, and
the resistivity of the concrete and scit. ResuTts are given in

terms of peak curvent density and deposited energy density. Electric
field breskdown, which is related to peak curvent density, is assumed
to short out the voiumetric resistance of the concrete ov soil,
Heating is velated to the deposited energy, and a damage threshnid

is set as a local tempereture rise of 100YC.

The above models provide a screen for possible mechanical aamage.
Results ave given for various threat waveforms, shelter configura-
tions, resistivities, and breakdown threshelds. Results are refined
by two additional considerations. One is voltage clamping that
iniibits initiation of adjecent arcs. The other s including

engrgy deposition in an arc with the accompanying pressure pulse.
The presentation ends with & discussion of uncertainties and araas
for additional work.
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TRANSIENT SCALE MODEL MEASUREMENTS FGR
AIRCRAFT COUPLING ASSESSMENT*

H. S, Cabayan
H. G. Hudson
£. J. Bogdan
D. M. Wythe
Lawrence Livermore National Laboratory
{ivermore, CA 94550

Electromagnetic transient measurements of scale models can serve
as useful complements to full-scale tests for performing NEMP
coupling assessement of military systems. For relatively modest
costs, scale model tests can provide pre-test estimates and the
means for evaluating the impact of modificaticns on coupling
issues after the fuyll-scale tests have taken place.

& 1/10 scale mode] of the A-7E Navy tactical aivcraft has been
buitt. The model includes all the major mechanical features
both external and internal to the aircraft. Major cable bundies
are modeled by representative wires routed appropriately. In
this presentation, scale model and actual aircraft data will be
compared. These will include both external and internal
measurements.,

*Work performed under the auspices of the U, S. Department of
gnergy by the Lawrence Livermore National Laboratory under
contract number W-7405-ENG-48.
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ON INTERACTION, DIRECT DRIVE, AND EXTRAPOLATION

K. S. H. Lee
The Dikewood Corporation
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EXTRAPOLATION OF SIMULATOR TEST DATA

Werner J, Stark
Mission Research Corporation
Colorade Springs, €0 30907

Gary 1. Hoffer
Kaman Sciences forporation
Cotorado Springs, €0 80933

We investigate several technigues which can be applisd to extra-
polate simulator test data for wire currents inside an enclosure
with apertures to some criterion environment, Of particular in-
terest are cases for which the wire currents depend on surface
quantities {current and charge densities) of structures near the
wires of interest, and for which the distribution of these sur-
face quantities changes appreciably from a simulator environment
to a threat environment. A practical example would be that of
wire currents inside a airplane for the airplane in flight, when
the simulator test was performed with the airplane parked on a
conducting ground plana.

We illustrate the results obtainable with various extrapolation
techniques by performing a gedanken experiment for a simple geo-
metry for both a ground based and in-flight configuration and
then evaluating the extrapolation techmiques by comparing extra-
polated resuits for the ground based configuration with exact
results for the in-flight configuration. The simple geometry
considered is that of a large, hollow cylinder having a small
aperture at arbitrary Jocations on the cylinder, and a single
wire inside the cylinder. We describe the results obtained for
various lengths and termination impedances of the wire inside
the cylinder, and for various locations of the aperture on the
cylinder.

REFERENCE :

C. W. Harrison, Jr., and R. W. P. King, Excitation of a Coaxial
Line Through a Transverse Slot, IEEE Transactions on Elactromag-
netic Compatability, VYol, EMC-14, No. 4, November 1972,



EXTRAPOLATION OF TRESTLE DATA

G. Hoffer and R. McKinney* M. Q'Byrne
Raman Sciences Corporation Boeing Rerospace Company
P.0O. Box 7463 ?.0. Box 392%9

Colorado Springs, CO 80933 Seattle, WA 38124

In this paper we describe the development of the
extrapolation procedure for internal response data
acquired at the Trestle EMP simulator during the B~52
Baseline Test, May to October 1980. Although the simu-
lator field amplitude decreased rapidly above 20 MHz,
the spectra of many of the measured internal responses
displayed well-defined rescnances up to approximately
100 MHz: therefore, an ertrapolation function which was
usakle up to high freguencies was required.

High frequency field mapping data {to 130 Miz) were
obtained by nusmerical integration of the spectra of
B-dot and D-dot measurements, and the results were
spliced at about 10 MHz to low frequency data cbtained
using analog integrators. These composite spectra,
along with the spectrum of the high altitude EMP, were
used to form several trial field ratio extrapolaticn
functions. In addition, an extrapolation function
employing an analytical representation of the simulator
field was developed. This analytical form was based on
an expression given by Yang and Lee {AFWL Sensor and
Simulation Note 267) consisting of a double-exponential
and a term of the form, t exp(-at), which produces a
"notch™ at 3 MHz., We added two more terms: one to
represent the prepulse and the other to preduce the
rapid drop in field amplitude above 20 MHz. For reasons
which will be discussed, the analytical form was used to
extrapolate the internal response data,

Extrapolated data from both Trestle and HPD for
the same test points were compared in order to draw
some conclusicns about extrapolation uancertainties.

¥R. McKinney is now at Martin Marietta, Orlando, FL.



A NEW LOOXK AT EXTRAPOLATION TECHNIQUES
P. Parhami

TRW, Inc.
One Space Paric
Redonde Beach, CA 90278

fxcrapnolation techniques are typleally ewployed to adjust the
measurenents made at the FMP simulators to the desired ideal EMP
response. The extrapolation functions are traditionally computed in
the frequency domain so that simple multiplication is needed for
extrapolating the simulator response.

Several types of extrapolation (apodizaticn) Ffunctions were intro-
duced by Baum [1] and are the standard presently used in the
community. In this paper, the weaknesses of the standard extra-
polation functions, such as the phase distortion they introduce,
are discussed and suggestions are made to clrcumvent such

At

Alse presented is a fresh look at the time domain convolution
techniques and the possible advantage in performing the extra-
polation operation entirely in the time domain.

{11 ©. E. Braum, "Extrapolation Techniques for Interpreting the
Results of Tests in EMP Simulators, in Terms of EMP Criteria,”
AFHL, B8N 222, March 1977.
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THEORETICAL BASES ¥CE HARDNESS MONITORING

Carl E. Baum
Air Force Weapons Laboratory
Kirtland AFB WM 87117

After a system hag been designed with EMP (or other electro-
magnetic environment) hardmess in mind one optimally goes through
some testing program using the best simulators and instrumenta-
vion available to determine the adequacy of the protection and
nake correcticns whete necessary, One ig next faced with the
problem of maintaiuing the system hardness. This requires some
procedure for determining if and when the system hardness has un-
acceptably degraded. what corrective actions are needed, and the
adequacy of these corvections. One approach to such a preklem is
to periodically subject each systenm to the above Tcompler test
program, but this would be very expensive, It would he 4 ranle
toa have some simpler test procedure which would at least indicate
any significant hardness degredation velative to some previous
baseline coundition. However, completeness of the test will he a
major question, Tt is very important that the test procedures
used be well grounded in electromagnetic theory so that they have
some known quantitatrive relation to Lhe criterion EMP (or other)
epvironment.

First, one must chooge some electromapgnetic excitation. Two
simulaltion concepts appear to have some significant promise:
PARTES ANE MEDIUS. In the PARTES concepi electric and magnetic
dipoles are used to synthesize the desired incident wave by spa-
tial superposition usiag the field equivaience principie. Using
CW excitation, norm concepts are applicable for cbtaining bounds
for all directions of incidence and polarization., Ia the MFEDIUS
concept electric and magnetic dipoles are conbined in a special
way that produces TEM fields in the p x m direction, even in the
near field. This pruduces the beat approximation to a CW plane
wave frem a small source for illuminating large aveas.

Second, one must monitor the system response in a way whirh
discovers significant bhardness degredation. DBasivally the vrob-
lem is one of completeness. If there are a large number of pos-
sibly independent failure wodes the problem is very diftfienle,
requiring in principle that all of these be moairored. T0, how-
ever, one can design the system in such a manner that a rela-
tively small number of sigrals rontrvel the response the problem
is simplified. Electromagnetic topology can be used not only to
desipgn the system hardpmess, but also to design the hardness
maintenance monitoring. By limiting the number of shield peve-
trations one can conceéntrate on measuring the performance of the
penetvation protection, both as to the existence of a ponetra-
tfon failure and identification of which penetration{s). Both
the OW system illuomimation and dirvect penetvation drive {ivehud-
ing nonlinear time-domain effects) can be included.
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EXCITATION SOURCES AND MOMITOR PROBES
FOR A HARDNESS ASSURANCE MONITORING SYSTEM

GARY D. SOWER, EG&G WASC, [NC., ALBUQUERQUE, NM

Two types of electromagnetic excitation sources have
been developed for HAMS. The first is an extarnal
magnetic dipole source which is individually driven to
provide one—at-a-time the set of external dipoles.
Two such dipole source drivers have been fabricated to
cover different frequency bands of interest. The
dipole moment, W, of these sources is equal to their
equivalent area, Aeg, times the current driven through
them. The high frequency driver is essentially an
MGL~1 sensor {1} with a small current probe built into
it to monitor the inpub current. The low frequency
souce is a multi~turn loop (2) driven differentially
via a transformer. A current probe also monitors the
drive curraent.

The second type of excitation source 1is a current
driver used to inject current onte cable shields on
the interior of the system. Transfer functions may
then be measured o the interior of the cables and
hardened subsystems. The current drivers are a high
frequency transformer with several turns of primary
winding and a single secondary turn, namely, the cable
shield. A cutrrent probe adjacent to the driver Iis
used to monitor the injected current.

A family of current probes is also available for the
HAMS . These are wideband transformers with a
single-turn primary, the test wire, which 1is coupled
to the secondary by a torrcidal ferrite core. This
special ferrite core has excellent high frequency
magnetic properties sSo that the upper frequency
respense is limited only by the physical length of the
secondary winding. “Typical response curves are flat
to within 1 dB of the specified transfer impedance
from 20 kHz to over 100 MHz.

1. C.E. Baum, "The Multi-Gap Cylindrical Loop in

Nonconductive Media®, SSN 41, May 1967.

2. C.E. Baum, "Some Considerations for Electrically
Small Multi-Turn Cylindrical Loops"™, S8N 43, May
1967.
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DEVELOPMENT AND IMPLEMENTATION OF A PROTOIYPE SWEPT CW
HARDNESS ASSURANCE MONITORING SYSTEM FOR
THE EMP HARDENED TACAMO ATRCRAFT

C. 6. Simpson Naval Surface Weapons Center, White Oak, Silver Spring, MD
R. V. Whiteley, Rockwell International Corporation, Anaheim, €A

ABSTRACT

A program jointly sponsored by the Naval Surface Weapons Center, White
Qak, Silver Spring, Maryland and the Adlr Force Weapons laboratory, Albuquerque,
New Mexico, to develop and implement a2 prototype swept ow Hardness Assurance
Monitoring System (HAMS) for the EMP hardened EC-130G TACAMO aircraft has been
recently completed. The program included development and imstallation of the
HAMS aboard the test aircrafb, baseline data acquisition during three separate,
repetitive, test segments Followed by extensive analysis of the test data with
the ohjective of assessing the feasibility of a swept cw HAMS.

The test aircraft, BUNO 151891, was selected because of its two layers
of EMP hardening and the large test data base which has been compiled during
several EMP tests, TACAMO layer 1 hardening applies to the aircerafi hull and
layer 2 to hardening at mission-critical equipment rack interfaces, The pro-
totype HAMS was based upon spectrum analyzer measurements of responses inside
each hardening layer induced by swept cw stimulation applied outside each
layer. Stimulation was provided by skin current drivers and cable current
drivers especlally developed for the purpose.

Each successive test segment was a yeplication of the previous one.
‘fhree sers of baseline data were acquired in addition to degraded EMP protec-
tion data. This data base has been utilized to develop analvtical mechods for
havdness depradarion detectien. This paper describes the TACAMO HAMS and the
HAMS test planning and test conduct.

References:

1. "Test Plan for TACAMO HAMS System Installation and Demonstration Test™
3 April, Rockwell Intermational, C81-85/201.

2. L. Marin, and F, M. Tesche, "Topoclogical aud Physical Description of
TACAMO Hardness Assorance Monitoring System,” report submitted to
Rockwell International for Contract N60921-31-C-(145, April 1981,

3. "TACAMO Hardness Assurance Monitoring System (HAMS} Preliminary Test
Report,” September 25, 1981, Rockwell International, C81-646/201.

"TACAMO Hardness Assurance Monitoring System (HAMS) Firal Test Report,”
17 November 1981, Rockwell Internatiomal, C81-739/201.
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REDUCTION SCHEMES FOR
TACAMO HAMS DATA

L. Marin

The Dikewood Corporaticn
Santa Monica, California 90405

The TACAMO HAMS system is a prototype swept CW system intended to
measure any degradations in the integrity of the TACAMO EMP protection
measures. The data were acquired at three different test occasions with
drivers and monitors placed at various locations on the aircraft.

The methods used to reduce the raw data to single scalar numbers will
be discussed., These methods are based on energy and correlation guantities
in, different hands. 7in= capability of the methods of distinguishing
different aircraft respunses will be discussed. The reduced data will
also be used to draw some copclusions about the capabilities of the present
HAMS system and make recommendations for possible future systems.
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DATA PROCESSING FOR A HARDNESS
ASSURANCE MONITORING SYSTEM {HAMS)
BASED ON FUNCTIONAL COMPARISOGNS OF MEASURED DATA

Frederick M, Vesche
2o B. Phuoc
tuvech, Inc.

P.0O. Box 1263

Berkeley, €A 94701

ABSTRACT

A current problem of interest in assuring the survivability of a weap-
ons system in a nuclear EMP environment is that of developing an onboard
moritoring device which can periedically determine whether the [MP hardness
of the system is adeguate. Initially, such a system may have a high degree
of hardness, but during the Tife cycle of the system, the hardness may
degrade due to aging of components or routine maintenance. Unless periodic
tests are performed to monitor the hardness, there is no assurance that the
system will perform as desired,

Rerently, a8 feasihility study of a hardness assurance monitoring system
{HAMS} located within an aircrafi was undertaken. This involved instaiting
skin current drivers on the exterior of the aircraft, and current drivers on
selected cables within the interior. Swept CW measurements in the .1 to
100 MHz renge for the induced curvents on iaternal cabling were then made
for various driver/sensecr combinations, Both the hardened {haseline) con-
figuration and deliberately degraded shielding configurations of the aircraft
were considered in order fo determine the sensitivity of the measurements to
the state of the electromagnetic shields within the system.

One fmportant aspect of a HAMS system s how the acquired data is pro-
cessed in order to determine whether or not there is a fault in the shield-
ing. Ideally, ome would like & simple scalar number which indicates how
closely a measurement made during a test compares with the same measurement
made when the system was “known" to be hard. Since the measurements are
really functions {i.e., the swept C¥ respense of the current over a particular
freguency range), there are a number of methods of deterrining & simple scalar
quantity which compares the two data records.

Alternatively, one can conceive of comparing HAMS data records on a
functional basis by looking at cross correlation functions, Fourier trans-
forms, and the Tike. Although this does not add any additional information
inte the measured data, 1t does provide a different way of looking at the
data and possibly detecting system shielding faults,

This paper will discuss the various HAMS data taken during this fe
and will illustrate the different functional data comparison schemes whi
were used to investigate the feasibility of this menitoring concept.
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LOW COST.

ADAM means Autornated Digital An-
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fast, reficble microcomputer control,
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harcware and software, ihe system is
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