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1. INTRODUCTION

System-generated electromagnetic pulse (SGEMP) effects on space vehicles have
been addressed with extensive analytical and experimental efforts. Complex analytical
models have been developed and tested against experimental results, and key SGEMP
parameters and hardening methods have been identified. Considerable additional effort is
still needed in applying the science to military systems, however, and a means of effi-
ciently identifying system weaknesses to SGEMP effects would be valuable. Present
analyses of systems are generally conducted by a team of specialists employing analytical
and computer-aided methods in conjunction with experimental efforts. However, exten-
sive training in the field is required to perform an analysis, and in fact, military systems
may evolve faster than the present methods would permit estimations of hardness to
SGEMP.

This report presents an SGEM P analysis system designed to aid in rapidly scoping
SGEMP effects. A set of analytical models is solved on a programmable calculator, giving
numerical evaluations of important parameters that characterize SGEMP response. The
user must be familiar only with parameters describing the x~ray environment and system
geometry. Details of SGEMP modeling are handled by the calculator codes. Output
parameters such as electromagnetic fields and cable current driver values permit the ana-
lyst to determine magnitudes of effects and their sensitivity to various parameters. The
calculator codes are useful to the experienced SGEMP specialist, and also enable the
novice to identify potential areas of SGEMP vulnerability for a particular system and
x-ray environment.

The degree of accuracy which may be achieved on the calculator is best illus-
trated by comparing results with more complex calculations. Figure 1 shows peak external
replacement current magnitudes on a cylinder subjected to a variety of x-ray spectra and
fluence levels. The curves were obtained at considerable expense (~10 hours of CIC
CYBER-176 computer time using 300,000 60-bit words of memory), using the 2-1/2-
dimensional ABORC computer code, and at considerably less expense (~20 minutes of exe-
cution time using 120 words of memory) with the Texas Instruments TI-59 calculator. The
agreement between the two methods is a factor of 2 over problem conditions ranging from

non-space~charge-limited to highly space-charge-limited. This quality of results can
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Figure 1. Peak surface currents versus spectrum temperature for
different fluence products in cal/m. Solutions apply for
a pulse time At = 0.54(27R/c), where c is the speed of light.
The x-ray pulse rise time was = 0.6 x At,
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probably be achieved in most SGEM P areas discussed here, although certain calculational
areas require some additional development to achieve the quality shown in Figure 1. Addi-
tional comparisons of the external response of the cylinder with ABORC results are found
in Section 5, along with an explanation of the scaled format in which the results are
presented.

The analysis tools presented here form a unified package which allows SGEMP
assessment beginning with the x-ray environment and ending with cable current drivers.
The package is complete in that each major SGEMP area can be scoped with the codes.
The required analysis leading to estimates for fields and cable currents is summarized as
follows. First, the x-ray spectrum is attenuated to the satellite location of interest. Data
bases are used to calculate values for electron photoemission yield, average velocity, and
the dipole moment in dielectricse These results are then employed in equations for the
peak time rates of change of the electric field and the space-charge dipole moment near
an emitting surface. Finally, simplified expressions are evaluated for the cable current
driver terms.

Emphasis in the present program has been on providing an analytical tool based
on the development of the field of SGEMP analysis to date. The analytical models dis-
cussed in this report allow estimates to be made for electromagnetic fields in the non-
linear fluence regimes -- for example, where the physics is understood but the formulas
are usually too complex to be solved by hand in a practical manner. Calculator results can
be obtained within a matter of minutes, with only modest effort required of the analyst.
Quick-response SGEMP assessments with nontrivial input parameters can be performed
with the system. Potential applications include evaluation of candidate x-ray simulator
spectra for SGEM P effects and the determination of principal cable current driver mech-
anisms for a given threat environment and satellite orientation.

The calculator codes here are a generalized extension of work reported earlier
(Ref. 7). The analysis system described in Reference 1 was limited to preselected satellite
positions and emission materials, and stopped short of the electromagnetic field and cable
coupling capablities available with the present system.

Mode! development to date has been for solution of satellite materials, environ-
ments, and x-ray threat parameters. The particular codes discussed here were thus
designed for the parameter ranges and physics of the satellite problem. They can be

applied to other problems as well, such as missile and ground systems. However, some




important physical effects will not be calculated in those cases. For example, air chem-

istry effects important at lower altitudes are not included in the models, and x-ray ener-

¢t st tntsihnik. L

gies are limited to 1 MeV in the data base (which is slightly lower than the range of
interest for ground systems).

The remainder of this report is organized as follows. Section 2 provides a review
of SGEMP phenomenology and satellite system analysis methods. Section 3 discusses the {
approach to simplification of SGEMP for the calculator for each analysis step and also

notes the related phenomena not covered by the programs. Section 4 then gives an over-

view of the modeling approach for each category of SGEMP analysis. In Section 5, capa-
bilities of the resultant calculator systemm are demonstrated through comparisons with
more complex calculationss A summary of capabilities is given in Section 6, which
includes quantitative accuracy estimates and a list of modeling limitations.

Details of the modeling of effects are found in Appendix A. Complete user

instructions for the codes are given in Appendix B, along with a detailed example problem.

Graphs of the photoemission excitation parameter data base are provided in Appendix C.




2. REVIEW OF SGEMP PHENOMENOLOGY AND
SYSTEM ANALYSIS METHODS

The SGEM P problem is illustrated in Figure 2. An x-ray environment specified by
a time-dependent energy spectrum and flux is incident on a satellite system. Photoemis-
sion due to the x rays occurs on and throughout the structure, inducing currents in the
electronics. Satellite locations representative of important sources of cable currents in
the system are identified in the figure.

Lack of attenuation on the outside of the vehicle can cause very large currents,
which must be prevented from coupling to the inside. Moderate attenuation into large
cavities can cause substantial fields inside the vehicle which may drive currents on cable
shields. Highly attenuated x rays can cause response in sensitive locations such as anelec-
tronic equipment box. Also, x rays drive currents directly in the cables through photo-
emission from shield materials, penetrating dielectrics, or gaps within the shield. Thus,
both high and low x-ray fluence locations can be significant in causing currents in the sen-
sitive electronics.

Coupling of currents into cables occurs by processes of knock-on current, BA
voltage, v current, and photon-driven current. In this discussion, the word "cable"® can
mean the conductor of an unshielded cable, the conducting sheath of a shielded cable, or
the outer conducting shield around a cabie bundle. "Direct drve" is also used to describe
the photon-driven current.

The knock-on current is the net flux of photoelectrons captured or emitted by the
cable sheath. The BA voltage source is due to a time-rate-of-change of magnetic flux
enclosed by a cable loop. The CV current source results from the time-rate-of-change of
the voltage between a cable and another conductor, where C is the mutual capacitance.
Finally, the photon-driven current is the result of the displacement of charge emitted
from cable conductors and lodging in dielectric insulators (usually identified with the
inside of ashielded cable).

Other sources of currents caused by the weapon include dielectric charging and
penetration of charge due to the enhanced electron environment.

The contributions of the different phenomenology processes to the total system
response are illustrated in Figure 3. The boxes represent calculation steps which must be
performed in analyzing a system. X-ray transport and photoelectron emission are funda-

mental to each cable driver process shown in the second layer of boxes. Resultant
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Figure 2. SGEMP response phenomenology
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energetic electrons couple into cables and electronics by means of electromagnetic fields,
direct x-ray effects inside cable shields, and effects inside equipment boxes themselves.
The total system response is obtained by simultaneously combining each of the effects into

an electrical model of the whole.
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3. SIMPLIFICATION OF SGEMP FOR THE CALCULATOR

The approach taken in model development for the calculator is typical of that
followed when a full-scale computer is being used. The problem complexity or detail of
salution is adjusted to available resources, of which memory size and execution time are
usually the most critical. Data bases are often employed to describe essential inputs
which are not the object of the investigation, and detailed solutions of models containing
the parameters under investigation are solved using a combination of analytical and
numerical techniques.

The calculator has many of the attributes of a large computer, the principal dif-
ferences being memory size and execution speed. In general, greater reliance is placed on
analytical assumptions and interpolations than would be necessary on a large computer,
but the models can achieve considerable complexity andstill be solvable within a minute
or so of execution time. The models described here were developed employing key SGEM P
parameters for simplified configurations, with reliance on curve-fitting to precomputed
results limited to the photoelectron excitation parameters.

X-ray transport is computed for incident snectra using exponential attenuation,
with a simplified expression for the mass absorption coefficients for all materials. Photo-
electron parameters are obtained from convolution of attenuated spectra with a precom-
puted data base. Electromagnetic response parameters obtained from simplifying assump-
tions for plane geometry are then applied to finite objects. Cable coupling terms are
treated separately for each effect, ignoring synergistic possibilities. knock-on current is
computed disregarding the the cable's effect on space charge, for example. vV and BA
coupling models employ a rod-over-ground plane ideal geometry, and the direct-drive
model assumes a coaxial geometry.

Effects of spacecraft charging due to the enhanced nuclear electron environment
are not modeled for the calculator at present, nor are discharges.

The present codes enable the user to compute individual cable current drivers as
the highest level of SGEMP analysis. The modelis stop short of combining the drivers into
an electrical model of the entire system, as illustrated by the lowest box in tigure 3. Such
a model would suffer greatly from oversimplification with the present calculator resources
due to the degree of coupling between spacecraft components. The cable current drivers
are considered to be sufficient here for analyzing SGEMP effects with the present limita-

tions of calculator resources.




4. OVERVIEW OF SCEMP MODELING FOR
THE PROCGRAMMARBLE CALCULATOR

This section provides an overview of the modeling of the different SCEMP analy-
sis steps for the calculator. A brief description of calculator capabilities is given to
acquaint the reader with the size of the programs used to solve the models. The idealized
analysis configuration is described, and the modeling approach for each division of SGEMP
effects is highlighted. Various comments on the relevance of the analysis configurations
and model completeness and accuracy are also made. Details of the modeling are dis-

cussed in Appendix A,

4.1 ALLOWABLE COMPLEXITY PERMITTED BY CALCULATOR MEMORY

The approach to the modeling has been to restrict allowable complexity so that
all programs fit within the T1-59 calculator in the standard off-the-shelf configuration.
Additional memory obtainable through use of a "chip® is not required, for example, and
neither is a printer. Extension of the programs could be accomplished with more memory,
of course, and increased accuracy and user convenience would be realized At present,
however, the available memory is assumed to be limited to the standard 960 program
steps. (A program step represents asingle key stroke on the calculator such as a multiply
or storage operation.)

Calcufator memory can bhe partitioned variably between storage of data or
program steps, with a single data number occupying the space of eight program steps.
Divisions of memory have been varied for different aspects of the SGEMP problem in the
programs reported here. For example, photon attenuation and excitation parameter calcu-
lations require manipulation of a photon spectrum, and the calculator stores considerable
data but employs relatively simple programs. The memory division is 240 program steps
and 90 data locations in those cases. Electromagnetic response parameters require rela-
tively few data inputs, but more complex programs. In that case, the calculator memory
is divided into 560 program steps and 50 data locations.

In all cases, storage is severely limited when 50 to 90 data locations are com-
pared against the currently available 420,000 60-bit words on the DNA CYRBER-176
computer, where most of the world's SGEMP calculations have been conducted to date.

Considering the limitations of calculator memory, the SGEM P problem has been

broken into four divisions which are treated by separate programs. The divisions are:

12




photon attenuation, photoelectric excitation, electromagnetic response, and cable coup-
ling. The programs are executed sequentially by reading in a different card(s) between
divisions. This procedure is a tradeoff between problem resolution and operational con-
venience. Additionally, a user will, in many cases, be concerned with certain of the prob-
lem divisions more than others in an analysis. He may attenuate his spectrum through a
thermal blanket only once, for example, and then evaluate the impact of changing the
emission material or the incident fluence on fields in a cavity by using the attenuated

spectrum repeatedly.

4.2 ANALYSIS CONFIGURATION

The idealized analysis configuration is illustrated in Figures 4 and 5. The first
figure shows the parameters required to define the system for SGEMP effects. They
describe the x-ray environment and the system geometry and material composition. The
second figure gives the desired outputs from the models by which SGEMP effects are mea-
sured. The four cable current drivers are identified in Figure 5, along with other calcu-
lator outputs consideredsignificant for determination of SCEMP effects. Notice that out-
puts are available both exterior and interior to the satellite model

The cylindrical geometry shown in Figures 4 and 5 is employed to illustrate the
relevant parameters for SGEM P effects. The calculator codes are not designed to solve
the cylinder per se, but the results can, in general, be applied with reasonable accuracy to
that geometry. It is convenient that major SGEMP drivers are not strongly dependent on
object or cavity shapes for relatively simple geometries (Ref. 2). One-dimensional, planar
geometry results often can be modified slightly and applied to much more complex shapes,

especialy near photoemitting surfaces.

4.3 SUMMARIES OF MODELS FOR INDIVIDUAL ANALYSISSTEPS

4.3 X-Ray Attenuation

X-ray attenuation is treated the same as in most other SGEM P codes, except that
it is scaled to the calculator memory size. A universal expression for the absorption
coefficient is evaluated at each photon energy in the incident spectrum. The coefficients
of the expression can be varied for accurately fitting data for a given material. Values
employed here were based on the data of Biggs and Lighthill (Ref. 3). Accuracy is, in gen-

eral, within a factor of 2 of more detailed calculations for typical satellite materials and
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x-ray spectra (see Section 5). Exponential attenuation through parallel plates is performed

based on the thickness and density of the material.

4.3.2 Photoemission Excitation

Photoemission excitation parameters (yield, average velocity, and dipole moment
in dielectrics) are obtained by convolving the attenuated photon spectrum with energy-
dependent data for monoenergetic photons obtained from the QUICKE2 photoemission
code (Ref. 4). Data for a given parameter for a material resides ononeside of a magnetic
card and occupies one-fourth the calculator memory when it is read in. The convolution
program performs power-law fits to the data base, giving excellent accuracy over the
entire range of 1 to 1000 keV. Data are provided for representatives of the full range of

satellite materials (listedin Appendix C).

4.3.3 Electromagnetic Response

Electromagnetic response parameters are obtained for a trapezoidal pulse of
emission current from a single, isolated, conducting, floating, infinite plate. Simplifying
assumptions of monoenergetic electrons emitted with a cosine angular distribution which
are not allowed to mix spatially above the plate permit expressions for maximum values of
the time-rates-of-change of the electric field and space-charge dipole moment (E‘ and l.’) to
be solved analytically. (The approach is similar to those discussed in Refs. 5 and 6.)
Identification of P as the principal driver of replacement currents on an idealized spher-
ical geometry leads to an expression for the magnetic field H. A quasi-static assumption
leads to a peak value estimate of the electric field The resultant expressions are too
complex to permit practical evaluation by humans, but are well within the calculator's
capability to solve rapidly. Comparison of results for planar geometry with a more exact
particle-following computer code using actual electron spectra showed excellent

agreement,

4.3.4 Cable Coupling

Cable coupling terms are provided for knock-on, l.lA, C\-/, and direct-drive
effects. Knock-on current is taken to be simply the emitted current striking a cable shield
from a nearby wall minus the current emitted from the shield. 1t is simplified by ignoring
the effect of the cable on electron trajectories, so the results are most accurate at low

fluence levels. BA drivers determine the current through a low-impedance loop using 8

obtained from P, the secondtime derivative of the space-charge dipole moment, and the




inductance of a cable above a ground plane. oV coupling employs the electromagnetic E
term combined with the cable capacitance above a ground plane. The direct-drive term
provides charge flow based on the dipole moment of electrons emitted from the outer
shield into the dielectric insulator of a coaxial cable. Accuracy of the knock-on and
direct-drive currents is most suspect, but all the terms give reasonable estimates of
effects. The electromagnetic coupling terms are essentially the same as those commonly

employed in more detaiied snalyses.

4.3.5 Summary of Modeling

Table 1 summarizes the conditions for which the various SGEMP models were
developed. Table ! summarizes characteristics of individual output parameters. Condi-
tions and limiiing assumptions are listed for each term, including the assumed geometry of
the analytical modei and the availability of a nonlinear (space-charge-limited) solution.
Whereas the system covers many effects and conditions of interest, it must be exercized
with some care as to interpretation of results for a given geometry and exposure environ-

ment. An overview of the expected accuracy of the system is presented in Section 6.
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Table 1. Conditions for Which SGEM P Parameter Evaluation Models Were Developed

Calculation

Conditions

Photon attenuation

Electron emission
Yield
Average velocity

Dipole moment

SGEMP fields

I m e ™M
~

Te

Cable current drivers

Knock-on

3 >

v

Direct drive

Photoelectric approximation
All elements and combinations
Allsatellite thicknesses

All spectra from 1 to 1000 keV

Equivalent to QUICKE2 within accuracy of power-law
fits

Above single, floating, infinite ground plane
Linear and nonlinear fluence regions
Trapezoidal pulse

Average normal electron velocity input

Quasi-static

Unshielded cable abave ground plane, coaxial cable
for direct drive

Cable does not perturb electron motion or fields
Linear and nonlinear fluence regimes
Short cables

Low-impedance termination
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Table 2. Output Parameter Characteristics Summary

Exterior Interior Nonlinear
Parameter Solution? Solution? Solution? Geometry
E mission current, Je Yes Yes N/A Plate
Average velocity, <v> Yes Yes N/A Plate
Dipole moment rate, P Yes Yes Yes Floating plate
Electric field rate, £ Yes Large cavity Yes Floating plate
Electricfield E Yes Large cavity Yes Floating plate
Magnetic field rate, lri‘p Yes Pillbox Exterior only Sphere exterior,
cylinder interior
Magnetic field, H¢ Yes Pillbox Exterior only Sphere exterior,
cylinder interior
Knock-on current, I} . Yes Yes No Cable over
ground plane
v current, lé Yes Yes Exterior only Cable over
ground plane
Current from F.lAvoltage, ‘t:I Yes Yes Exterior only Cable over
ground plane
Direct-drive current, oo Yes Yes N/A Coaxial cable
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5. SAMPLE SGEMP ANALYSES: COMPARISON OF CALCULATOR
AND MULTIDIMENSIONAL COMPUTER CODE RESULTS

Example SCGEM P analysis steps performed with the calculator codes are described
in this section, and several comparisons are made with more detailed calculations. Accu-
racy of x-ray attenuation through representative satellite materials is compared with
results from QUICKE2. Exterior response is calculated for a cylinder over wide ranges of
x-ray parameters, and results are compared with the two-dimensional ABORC code (Ref.
7). A 1-m length=diameter inner cavity is analyzed and compared with ABORC, also. Fin-
ally, an electronics equipment box configuration is analyzed on the calculator, giving rela-
tive cable pickup magnitudes for a typical x-ray environment. The results serve both as
illustrations of capabilities and as sample probiems which aspiring analysts can use in

practicing the routine.

5.1 BLACKBODY ATTENUATION BY SATELLITE MATERIALS

Calculations of blackbody spectra attenuated through representative satellite
materials are compared with QUICKE2 code results in Figure 6. Agreement hetween the
methods is within a factor of 2, even for the most difficult case of large attenuation
through high-7 materials (shielded box). The calculator spectra were defined with 14
energy bins, and the QUICKE2 spectra had 50. The binselection is much more critical for
the highly attenuated cases than for the moderately attenuated cases. Notice that a

multiple-plate case was performed on the calculator, also.

5.2 EXTERIOR RESPONSE OF A CYLINDER

The exterior response of a cylindrical object has been calculated with the TI-59
codes for a wide variety of incident x-ray environments. The results have been compared
with published solutions from the ABORC code over ranges of x-ray fluence, time history,
and energy spectrum (Ref. 8). The calculator codes employ specific geometry assumptions
involving planar and spherical surfaces, whereas the ABORC results are for a cyhnder.
Previous analytical studies showed only moderate geometry sensitivity of SGEMP effects
for relatively simple geometries (Ref. 2). Comparison between the calculator ‘pseudo-

sphere® and the ABORC cylinder should not be affected strongly by geometry differences.
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Figure 6. X-ray shinethrough fraction calculated with Ti1-59
attenuation program, comparedto QUICKE2 code results for

representative satellite materials
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Comparisons between the calculator and the multidimensional code results are
shown in Figures 7 and 8. The graphs are presented in scaled format (Ref. 8)involving the
products, ®R ("fluence product"), EZR ("electric field product”), and normalized incident
pulse time history, AT/2n R/c, where AT is the x-ray pulse width and 27 R/c is the time

required for an electromagnetic wave totraverse the circumference of the cylinder.

Figure 7 shows the effects of varying the incident pulse width for a constant
spectrum at different fluence levels, and Figure 8 shows the effects of varying the inci-
dent fluence for different x-ray spectra. (Figure 1 shows the effect of varying the inci-
dent spectrumn temperature at constant pulse width for different fluences.) This scaled
format extends the applicability of the results to a wide range of object sizes. As an
example of the use of the scaled quantities indicated in the figures, Figure 7 can be used
to estimate the peak response of a 2-m-radius object when excited by a 200-nsec photon
pulse at a fluence of 5 x 1073 cal/m2. For R =2 m, the 5 x 1073 cal/m2 isofluence line
corresponds to the bottom curve in the figures. For 100 nsec and R =2 m, the abscissa is
(10-7 sec) x (3 x 108 m/sec)/(21 x 2 m), or 2.39. The corresponding total current on the |
object is about 0.5 amps. The magnetic fieldis 1/2mR, or 4 x 1072 amp/m.

Agreement between the calculator and the 2-1) code results is seen to be excel-
lent in the space-charge-limited regimes, as well as in the non-space-charge-limited
regimes which involve relatively short pulse lengths compared to object dimensions. The
agreement begins to deteriorate particularly for low-fluence, long-pulse-~length problems
(notice the lower right-hand portion of Figure 7) due to limitations of the present modeling
when the electron cloud extent hecomes comparable to object dimensions. This limitation
is discussed in Reference 9 in relation to large-scale calculations. By virtue of the scaled
format, the inaccurate region of the parameter range can be seen to become greater as
the objectsize is decreased.

Overall accuracy of the system can be described as excellent for the external
SGEMP problem, however. Errors remaining can be reduced significantly with moderate

improvements in the modeling.

5.3 CAVITY RESPONSE

The internal response of a cylindrical cavity has been quantified with the calcu-
lator codes and compared against ABORC results. The cavity is a 1-m length=diameter
empty cylinder with 3-mil aluminum walls, and is representative of the larger empty

volumes found in satellites. Moderate attenuation of x rays caused by the thin walls
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QUICKE2 EXCITATION

PARAMETERS
YIELD = 1.2 x 10°° ¢/cal
\'/Z = 2.1 x 107 m/sec
T T T I 1 T 1] T 1 17
dR (cal/m) §T=2 keV
103 b
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RE-03191 2mR/C
Figure 7. Peak surface current versus characteristic pulse time
for various fluence products using a 2-keV blackbody spectrum.
Fluence products ®R in cal/m are noted by each curve.
The x-ray pulse rise time was = 0.6 x At.

23




*1V X 9°() = SBM W] 3s1) Is|ind Aes-x ayj

*1ydi} Jo Paads 3yl S1 2 d1aym ‘(O/ YL )Y S0 = IV YIPIM 3s|nd Juaplidul ue 104 Ajdde suoiinjog

*sasnjesadwad) wniidads sNotIeA 104 10npord 33uanty SNSISA 10NPOId pI3)y D1131D3)3 yed4 °g 3ind1y

Z2INJIND WOy
ALTJ07T3A 39vH3AY
‘07131A NOYLI3T3

(

YOY
A Gl “6S-11 +
A% L “65-11 ©

(w/(ed) ¥o

0t p0L c0L ;0L 10t 00l -0t 2-0l c-

T T T T

— Y p—
I ﬁmmmmu

%3
2/442) $5°0 = IV
- ._..e

Ol

vo—

ol

0t

£61£0-3

(s30A) ¥ %3

24




results insignificant signals inside. Moderate space-charge-limiting occurs at the assumed

fluence level of 1073

cal/cmz. The incident spectrum is a 5-keV blackbody withrise time
and pulse width (FWHM) of 10 and 17 nsec, respectively.

Results from the two methods of calculation are compared in Figure 9. The
T1-59 excitation parameters (e and <v>) agree very well with results from the QUICKE2
code, mainly because differences should be due to energy bin limitationonly. Theelectro-
magnetic field peak values are less accurate due to geometry problems. The calculator
results are three to five times higher than the imore exact ABORC values due to present
limitations of the simple models for this case., In the test problem, the electrons can tra-
verse the entire cavity during the pulse width of the x rays, whereas the analytical models
are exact only for cases in which the electron cloud is small compared to object dimen-
sions. Other geometry effects contribute to errors, including cylinder aspect ratio and
electron angular distributions. The agreement between the calculations is sufficient for
problem scoping, however (notice the calculator gives upper-bound values), and variations
of input parameters would tend to give reasonably accurate assessment of tradeoffs in
designing for hardening,

The comparison problem shown here points out the limitations of the present
solutions for small internal cavities and low fluence levels. Increasing the fluence would
result in improved correlation of the parameter values between ABORC and the calculator
by reducing the space-charge cloud dimensions relative to the cavity size. Similarly, a

decreased x-ray pulse width would result in greater accuracy.

5.4 BOX CURRENTS

The calculator codes have been applied to analysis of SGEMP effects on a printed
circuit (PC) board inside a typical satellite electronics equipment box (see Figure 10).
Worst-case estimates were obtained of SGEMP currents flowing on individual grounded
lands on the fiberglass board for a given x-ray environment. Normally, such an analysis
might be conducted with simple analytical estimates once the photon attenuation and
excitation parameters were established, with some degree of accuracy, by a computer cal-
culation. The results shown in the figure can be obtained in about 10 minutes with the
calculator, with the analyst having to press only a few buttons rather than having to know
many different formulas. Parameter variations for hardening measures or arbitrary spec-

tra can be conducted on the box configuration with ease, also.




Im
t Tm
3Imils AL i )
’ H
T=5 keV
Tps AT =10, 17 nsec
Qo = ]0_3 ca]/cm2
QUICKE2/

PARAMETER ABORC CALCULATOR
ELECTRON VELOCITY, v (m/sec) 3.3 x 107 3.3 x 10/
ELECTRON YIELD, Y (C/cal) 1.8 x 1077 2.3 x 1077
EMISSION CURRENT, J_ (amp/m?) 100 135
ELECTRIC FIELD RATE, £ (V/m/sec) 3.5 x 10'2 1.5 x 1013
PEAK ELECTRIC FIELD, E (V/m) 3.8 x 10° 1.1 x 10°
MAGNETIC FIELD RATE, H (amp/m/sec) 9.2 x 10° 3.8 x 107
PEAK MAGNETIC FIELD, H (amp/m) 12 34

Figure 9, Comparison of calculator code results with
QUICKE2/ABORC results for internal cavitv ana lysis
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6.

SUMMARY OF CAPABILITIES ON THE CALCULATOR

A summary of SGEMP phenomenology capabilities on the TI-59 is shown in Table

3. The parameter ranges for which the models were specifically developed are indi-ated.

The codes can be applied outside the indicated ranges (except for the energy range), but

the user must be careful to interpret the results properly. For example, mass absorpton of

x rays due to more than 15 mils of tantalum can become very delicate withonly 14 energy

bins, and answers may be very much dependent on the particular energy bins selected.

Attempts to quantify overall accuracy of the system for SGEMP effects within the desig-

nated ranges are made, as shown in the column labeled "Accuracy.”

Table 3. Summary of SGEMP Phenomenology Capabilities on the TI-59

Parameter Ranges:

Satellite locations

X-ray energies from 1 to 1000 keV
X-ray fluence up to 107" cal/cm?
X-ray pulse widths from 2 to 200 nsec

Calculation

Accuracy

Principal Caveats

X-ray attenuation

Photoemission
excitation
parameters

E&M response
parameters

Cable coupling

within factor of
2 of QUICKE for
SGEMP spectra

within factor of
2 of QUICKE

Within factor of
4 of ABORC

Calculator results
are upper bounds

Accuracy not tested
but calculator tech-
niques are commonly
used in analyses with
present degree of
accuracy

Energy bins must be selected intelligently
Compton effects ignored
Exercized only for representative materials

to date

Energy binselection

Low-fluence, long-pulse-length geometry
effects not treated accurately (includes
most hox effects)

Moderate space-charge~limiting and angular
effects in cavities not treated
Direct=drive estimate crude

Knock=-on current not self-consistent




Notice from the table that factor-of-2 accuracy can be achieved with intelligent
energy bin selection for the first two categories of calculations. This is sufficiently
accurate for scoping of effects. Determination of electromagnetic response parameters is
a little less certain, but the calculator gives upper bounds on results in every case. Major
problems are in the regimes of low fluence and small dimensions and can be corrected with
simple analytical estimates by the experienced analyst.

Cable coupling estimates are accurate for cable lengths short compared to x-ray
pulse lengths. The direct-drive model is presently limited to a simple estimate based on
the dipole moment from a planar surface. Accuracy of this model has not been compared
with more detailed calculations, but better than an order of magnitude is expected from
it The knock-on current onto a cable shield does not take into account the effect of the
cable itself on fields in a cavity, so thisdriver can be low by large amounts, especially for
low=-impedance cables at high fluence.

In general, the accuracy for the first three categories in Table 3 is such that ana-
lytical estimates of effects can be upgraded considerably through use of the system com-
pared to present quick-response analysis methods. The system handles the most sensitive
and time-consuming calculational areas with the greatest accuracy, and areas of weakness
can be compensated for through relatively simple considerations. For example, inaccuracy
at low fluence inside a cavity will likely be as great due to complex cavity geometry

effects not treated in that case as due to modeling assumptions used here.


















































































































































































