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FOKEWORD
This roport presents the results of research perfurmed urder Naval Weapons Ceater,
China Leke, Cslifornia Contract NOO 1 23-80-D-0033. ‘

The work was sponsotad by the JTOG/AS and conducted und/a the direction of
the survivability Assessment Subgroup as Project SA-001.

The contractd: was Armsmeat Systems, Inc.
The authors would like to acknowledje the assistance of Caiol A. Gillespie,

Code 3381, of the Naval Weapons Center, in the understanding and documentation of the
p ASALT programs.
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Assessment of Survivability Agatnst Laser Threats; the
ASALT-I Computer Program (U), by Frederick J. Steenrod and
John E. Musch. Armament Systems Inc. China Lake, Calif., Naval
Weapons Center for Joint Technical Coordinating Group/Aircraft
Survivability., September 1981. 157 pp. (JTCG/AS-81-S-004,
publicgtion UNCLASSIFIED.)

SALT-lis a FORTRAN computer program used to evaluate
the eff~ctiveness of a high-energy laser weapon against an aircraft
4 flying a path previously evaluated for various encounter conditions.
The laser weapon system is deacribed by a flux emission function,
aiming errors caused by jitter, and slewing limits of the tracking
mechanism. The target aircraft is characterized by a set of com-
ponents which are combined using a fault tree structure. The
program output includes a summary for the whole mission which
presents probabilities of kill' for the total aircraft, its subgroups,
and components. This manual contains descriptions for the
mathematical concepts, the input requirements, and the output
for the ASALT-I program.
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SUMMARY

The ASALT~-1 computer program provides a method for evaluzting
the effectiveness of & high-energy laser beam against an aircraft
flying a path previously evaluated for various encounter condi-
tions. The laser ‘)eapon system is dascribed by a flux emission
function, aiming errors caused by jitter, and slewing limits of
the tracking mechanism. The target aircraft is described with a
set of components which are combined in a fault tree structure.
Each component has a set of rectangular presented areas and Pk
functions associated with it. An atmospheric model is used to
account for laser beam power degradation before it reaches the tar-
get due to interaction with molecules in the air and an optional
smoke corridor. The ASALT-I1 program is used to determine when the
laser can be fired and compute the total amount of energy that can
be accumulated on each component. The component Pk functions and
aircraft fault tree structure are then used to compute the total
aircraft probability of kill. The Pk computations can be repeated
for as many as 10 distinct aim points and three different fault
trees (kill categories) in one program execution. The output of
this pregram may include a time trace of the flight path which
shows total aircraft Pk's for each aiim point and kill category at
regular time intervals in the flight path simulation. 1In addi-
tion, a summary for the whole mission presents the final probabili-
ties of kill for each kill category of the %total aircraft model,
subgroups in the fault tree structure designated by the user, and

each component.
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SECTICN 1
INTRODUCTION

Improvements in laser and tracking technology have made laser
air defense systems a potential threat to combat aircraft in the
near term future. 1n order to fulfill the need to analyze “'his
threat, the model, Assessment of Survivability Against Laser
Threats, ASALT-I, is being developed under the cognizance of the
Survivability Evaluation Branch, Aircraft Survivability and
Lethality Division of the Naval weapcns Center. Recent revisions
have been made to the program to provide a more elaborate method
of combining components into several levels of redundant or singly
vulnerable subyroups. This revision to the ASALT-I documentation
includes descriptions of the new input required to define an air-
craft fault tree and the new output produced by the model.

The ASALT-1 computer program provides a method for evaluating
the effectiveness of a high-energy laser against an aircraft fly-
ing a path previously evaluated for varicus encounter conditions.
The output from this program is the accumulated aircraft kill pro-
bability versus flight path time. 1In addition, a summary for the
whole mission presents the final probabilities of kill for each
kill category of the total aircraft model, each subgroup, and each
component. Each level of Pk computation can be duplicated for up
to 10 distinct aim points. The combination of the Engagement
Model: and the ASALT-I Model can be used to obtain a survivability
estimate for an entire mission involving one high-energy laser wea-
pon attacking one aircraft with consideration given to engagement
conditions, tracking requirements, beam propagation, and target
vulnerability. The procedures for assessing survivability against
a laser air defense system by using these programs are:

1, Generate a flight path for the aircraft. FPFrogram
FLYGENZ2 is one method of accomplishing this.

2. Select a weapon location and a set of engagement condi-
tions for the laser weapon system.

3. Run the Engagement Model to determine the subsets of the
Llight path which can be engaged.

1 Steenrod, Frederick J., and Musch, John E., Engagement Model
Computer Program (ENGAGE) Analyst/User Manual, Armament

Systems Inc., Augus*t 1980, Unclassified

2 yirbila, John P., Aircraft Flight Path Generator Computer
Program (FLYGEN), Joint Technical Coordinating Group for
Munitions Effectiveness, April 1376, Unclassified.

PNy 4
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4. Determine the vulnerability of the aircraft's components
to laser radiation at 2¢ look-angles using a model such
as the GKLOOK3 programs.

This manual contains a description of the mathematical con-
cepts, the input requiremcnts, and an output description for the
ASALT-1 Model. Section Il, the Mathematical Model, is used to ex-
plain the coordinate systems, tracking computations, beam propaga-
tion model, and method of damage assessment used in this program.
The definitions, units, and required order for all input parame-
ters are explained in Section Il1l. Examples of the line printer
output and the binary output file are discussed in Section IV. A
complete listing of the FORTRAN program, including comment cards,
is presented in the appendix.

RECUIREMENTS AND CONSTRAINTS

- The ASALT-1 hodel is written in FORTRAN and requires approxi-
mately 14u,000g (49152)g9) words of memory on a Hewlett-Packard
3000 computer system. he program structure is modular and flexi-
ble so that any changes and/or improvements may be easily imple-
mented. Execution of the program requires two input files and pro-
duces two output files. Peripheral device requirements are one
card reader, one line printer, and two tape units or other devices
for sequential files. Simpler arrangements are possible depending
on the computer system. The program in its present form has the

following constraints:

1. Only one laser weapon system in a fixed location may be
evaluated.

2. The laser flux emission function, which varies with
time, may contain a maximum of 10 entries.

3. The atmospheric attenuation function and the correspond-
ing range arguments may contain no more than 10
elements.

4. If a smoke corridor is modeled, its length and location
must be defined as a line segment between two end
points. The omission of a smoke corridor is allowed.

3 Steenrod, F.J. and Musch, J.E., QKLOOK Comguter Programs
Analyst and User Manual, JTCG/AS5~79-V- , Joint %ecﬁnical
Coordinating Group on Aircraft Survivability, May 1980
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5. The maximum number of aim points on the target is 10.

6. The mazimum number of components in the target model is
lug.

7. A maximum of three different fault tree structures (kill

o """"”".‘%{':n—-:-_ -
{ g ux_¢;--—u-—~_‘_
;
{
H
§
i
{
i1
f
|
t
{
f categories) can be evaluated in one run.
3

8. The maximum number of elements in any one subgroup is
‘ eight.
k 9. The component vulnerability model requires exactly 10
entries in the function defining Pk at increasing energy
levels.

lo. Component presented areas and widths are required at 26
standard look-angles.

Some constraints may be overcome by executing the program sequenti- .
ally several times.

CONCEPTUAL FLOWCHART

The sequence of steps employed in the ASALT-I Model is depic-
ted in Figure 1-1 utilizing a flowchart format. The steps in the
flowchart are discussed in the following narrative consisting of
paragraphs corresponding to the letters in small hexagons on the
flowchart., For the sake of continuity in documentation, Figure
1-1 follows the discussions of all steps.

Step A

Execution of this program begins by reading the data deck
from Logical Unit #5 and making some preliminary computations.
These data include parameters defining the laser weapon system and
its tracking system, the atmospheric conditions, and the aircraft

fault tree model.

Step B

This step is the beginning of the time loop in the program.
The aircraft flight path data for each new time increment is com-
puted from data on the Flight Path Input File. After all computa-
tions for this time increment are completed, program control will
return to this step to begin the cycle again for the next time
increment. Two t<:tg are made before program control continues
with Step C. If .he end of the Elight path is reached, control
branches to Step I to terminate program execution. The second

M e
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test is used to check the results of the engagement conditions
tested during execution of the Engagement Model. If this test
indicates that the laser cannot engage the aircraft at the current
time, program control branches to Step H, the end of the time
loop.

Step C

Step C is the tracking module of the program wherein all con-
ditions involving the weapon's tracking system are evaluated.
These conditions include the minimum prefire tracking time and the
maximum slewing rates. If either condition is not satisfied, pro-
gram control branches to Step H, bypassing the laser firing steps.
If both tracking conditions are satisfied, the laser flux emission
rate is computed from the input parameters defining the weagpon
system; then program control continues with the next step.

Step D

In this step, any decrease in beam intensity occurring while
the beam propagates through the atmosphere to the target is deter-~
mined, and used to compute the intensity reaching the target. The
factors which influence the degradation of beam intensity include
an attenuation function which varies with range, and attenuation
when the weapon-to-aircraft geometry intersects a smoke corridor.

Step E

This step is the beginning of a loop which iterates for each
aim point on the target. The computations inside this loop are
used to determine aircraft damage when the laser is directed at
the current aim point. Associated with each aim point is an enve-
lope 0of look~angles which specify the geometrical cornditions re-
guired to fire at the aim point. 1If the aim point cannot be hit,
program control jumps to the end of the aim point lcop at Step G;
otherwise execution continues with Step F.

Step F

In this step, the laser energy on each component is accumula-
ted and the resulting damage is evaluated. This is done by execu-~
ting an inner looy for every component in the target model which
includes: computing the expected time for the beam on each compo-
nent; accumulating the total energy that has reached the component
for the current aim point; and determining the damage caused by
that level of accumulated energy.

1-4
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Step C

This is the last step in the aim point loop and is executed
only after the component loop has been completed. After the
current level of damage for each component has been computed in
the preceding step, Subroutine FALTRE is executed which uses the
fault tree structure for each kill category to compute the damage
to the total aircraft. Th= decision block in this step represents
the end of the aim point loop, branching back te Step E until all

aim points have been considered.

Step H

Step H is the last step in the time loop. Aircraft damage up
to the current time for each aim point is printed during this step
if requested by the user. Program execution then continues with

the next time increment a*t Step B.

Step 1

is reached only after the entire flight pa*th has
and is the concluding step in program execution.

In this step a summary of damage to components, subgroups, and the
total aircraft is printed for each aim point before program

execution halts.

This step
been processed

et
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SECTION 11

MATHEMATICAL MCLEL

The mathematical concepts used in the ASALT-1 Model are
presentea in this section. There are five subsections of the
- hathematical Model as folliows:

1. Coordinate Systems

Z. Tracking Computations

3. Beam Fropagation

4. Damage

5. List of Abbreviations and Symbols.

In the first subsection, geometrical computations used in the pro-

gram are presented. ‘1hese include the coorainate systems, trans-
F formations between coorainate systems, and look-angle computa-

tions. 1he next three subsections correspond to *the three basic
modules in the program. The Tracking Computations subsection
includes & derivation of the slewing rate computations. In the
Beam Propagation subsection, the models for atmospheric attenua-
tion and laser beam intersection with a smoke corridor are presen-
ted. The Damage subsection is used to describe the models for
accumulating energy on each component and combining component Pk's
into total target Ek's using the fault tree. Symbols used in the
mathematical equations are defined in the text, and in a complete
list in the final subsection.

e

T e p——.

e - o

COCRDINATE SYSTEMS

The four coordinate systems used in the ASALT-1 Model are de-
picted in Figure 2-1, where the subscripts on each axis identify
the system name. 'The General Coordinate System is the primary sys-
tem for this model. 1t is used for the laser weapon location, the
smoke field location, the tracking rate computations, and the
printed flight path coordinates. The Aircraft Coordinate System
has its origin at the target aircraft center of gravity and is
used in defining component and aim point locations on the air-
craft. All data on the Flight Fath Input File are in the Flight
Fath Coordinate System, and are transformed into the Ceneral
Coordinate System as soon as they are read. These three systems
are identical to the coordirate systems used in the Engagement
Model anG have the same names. The Encounter Coordinate System is
the only added system. It is used for computations involving the
laser beam encountering the target, such as computing the proba-
bility of hit for a component. All of “hese systems have orthogo-
nal right-handed axes.

—— s o S TIPSR g 1

T -

2-1




[N

JTCG/AS-81-8004
za
ze
S
xa . Ye
aim point
X
>
7 Y
g . a
\ o
t//
weapon
location -
I
l
l
Y
/s
Vs
—————— —/f (xfr'yfr'o) = (xgr'ygr'zqr)
*1/// | reference point
xf {/ :
________ =
L
{ /
Ve
i -

Figure 2-1. General (g), Flight Path (f), Encounter (e),
and Aircraft (a) Coordinate Systems.
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General Coordinate System

The General Coordinate System has a horizontal XY-plane with
the X-axis pointing east and the Y-axis pointing north. The
Z-axis points in the direction of increasing altitude. The loca-
tions for the laser weapon and the smoke corridor specified in the
input data aeck are in this coordinate system. Additionally, sev-
eral computations and the aircraf* flight path locations appearing
on the line printer output are in the General Coordinate System.

Flight pPath Coordinate System

All Gata on the Flight Path File read from Logical Unit $10
are in the Flight Fath Coorainate System. This system mus: be a
right-handed coordinate system, and have a horizontal XY-plane as
well as a Z~axis pointing in the direction of increasing altitude.
when “hese conaitions are met, the user can facilitate the trans-
formation of data from the Flight Path Coordinate Syctem into the
General Coordinate System by suppling the coordinates of a refer-
ence point and a rotation angle. For this program the reference
point may be any point in the XY-plane of the Flight EFath
Coordinate Sytem selected by the user.

Let

(Xfr, yfr» U) = reference point coordinates in the Flight
Fath Coordinate System

(Xgr., Ygr, zgr) = coordinates of the same reference point in
the General Coordinate System

Y1 = rotation angle from the X-axis of the Flight Path
Coordinate System to the X-axis of the General Coor-
dinate System (a positive rota*tion is counterclock-
wise when viewed from above, i.e. the positive
Z~axis)

These data supplied by the user on card 2 relate the two Coordi-~
nate systems. Any aircraft location in the Flight Fath Coordinate
System, (xf, yg, z2f¢), can pe transformed into an eguivalent point
in the General Coordinate System, (xg, Yg., 2g) » by executing this
eguation:

xg xgr cosw1 sinwl 0 Xe = Xgo

Yg = | Ygr | * |-vinv; cosy; 0} « }y. - Yer (2-1
z 0 0 1 2

g 23 It

e "
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where

(Xts Y, T¢) = an aircraft location in the Flight Fath
Coordinate Systen

(Xgs ¥g» 2g) = the location in the General Ccordinate System
equivalent to (xg¢, yg, zf)

Similarly any vect r, such as the velocity or acceleration

vectors, in the Flight Path Coordinate System, (vyg, V i' vaf) o
can be rotated into the equivalent vector in the éenerx Coordi-~

nate System, (vxg, Vyg: Vig) by using this equation:

v*q conwl sinwl 0 Vet
qu = -linwl cosw1 Of » vyf (2-~2)
v'g 0 0 1 Vog

where

(Vg Vyfr Vgf) = & vector in the Flight Fathh Coordinate
System

(Vxg+ Vygs, Vzg) = the vector in the General Coordinate System
equivalert to the vector (vyg, Vyf Vo)

The flight path deta also include heading, dive, and roll
angias for the aircraft. The dive and roll angles are equivalert
in both the Flight Path and General Coordinate Systems. The
heacing angle must be traisformed into the General Coordinate

System by exe~y*ing this equation:
p = Wf - “"1 (2-3)
whero

yf = aircraft heading angle in the Flight Path Coordinate
S840

Y = aircret: headino angle in the Gereral Coordinate
System equivalent to Vg

The data on the Flight Path File are transformed to the Gener-
al Coordinate System by executing Equations 2-1, 2-2, and 2-3 imme-
diately after reading each record Curing execution of Subroutine

KREAD1U.

2-4
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Alrcraft Coordinate System

The Aircraft Coordinate System has its crigin at some fixed
point on the aircraft. The X-axis points out the nose of the air-
craft, the Y-axis points out “he fuselage on the side with the
left wing, and the .~axis points out the *op 2f the aircrafe.

This system is used *o specify component ana aim point locations,
eand to compute lcok-angles to the target,

Transformations

vectors are transformed from the General to the Aircraft Coour-
dinate System using a transformation matrix, T, detarmined by the
heading, dive, and roll angles which relate the two coordinate sys-
tems. The derivation of matrix T is dependent on the order of the
rotation angles and the direction of each angle. The order of
rotations used in this program is heading, followed by dive, and
then roll.

Figure 2-2 is used %o show an arbitrary coordinate system
with axes 1}, Y1, and 2]} being rotated through the sequence of
heading, dive, and roll angles. In the top ciagram, the original
coordinate system with axes X}, Y], and 2] is being rotated
through a heading angle, , to obtain a system with axes X3, Yo,
and 23. This new system Is then rotated in the middle diagram
through a dive angle, _, resulting in the system with axes X3, Y3,
ana 23. Finally the roll angle transformation is shown in the
bottom diagram, resulting in the system with axes X4, Y4, and 4.
Figure 2-2 1s also used to show the direction of positive heading,
dive, and roll angles, along with the corresponding transformation
matrices. Let

(X, Yo 2))] = vector in the coordinate system with axes
X], Yl' and 210

The equivalent vector in the coordinate system with axes X4, Y4,
and 24 can be corputed by:

(¢ ¥y 2)q4 = (x, ¥y, 2)1 * [H] * (D] * (R] (2-4)
where

H = heading transformation matrix

D = dive transformation matrix

R = roll transformation matrix

Since matrix multiplicaticn is associative, the vector transfor-
mation may use matrix T:

T T ——
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cogy =-siny O

Yzy (x.y.z)z - (x.y.sll *lainy cosy 0
1 ) 0 1

Heading Angle Transformation

cos® 0 sind

3 (xOYI:)s = (XQYQ:)z * 0 1 0
-giné 0 cosad

sty3 Dive Angle Transformation

s el il .

X,Y,8), = (x.y.:)3 » 0 cos¢ -sin¢
0 sin¢ cos¢

Roll Angle Transformation

FIGURE 2-2. Heading, Dive and Roll Transformations,
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(X, Yo 2) g = (x, ¥y, 2)] * (T} (2-5)
where
(T) = (b} * (D] * [R] (2-6)
- tuostituting the matrices given in Figure 2-2,
cosy =-siny O cos6 O sin6 1 0 0
, ' (T) = Jsiny cosy O] » 0 1 o * 0 cos¢ -siné (2-7)
| 0 0 1 -8in®d 0 cosd 0 sin¢ cos¢
r (]
cosycosd =8inycos¢ + cosysindsiné sinysin¢ + cOsysingcosgy
(T} = |sinycos® cosycosd + sinysinbsing -cosysing + sinysinscos¢ |(2-8)
| -8iné cosfsing cosfcosé
The transformation Gerived in Equations 2-4 through 2-8 is y

used in converting from the General Coordinate System to the Air-~
craft Coordinate System. In Figure 2-2, as well as Equation 2-5,
the system with axes X;, Y;, and Z; corresponds to the General
Coordinate System, and the system with axes X4, Y4, and 24 corre-
sponas to the Aircraft Coordinate System. The transformation
matrix in Equation 2-8 is computed and stored by executing Subrau-
*ine MATRIX with the heaaing, dive, and roll angles given as
arguments. Since the matrix in Equation 2-8 is orthogonal, its
inverse is simply the transpose of matrix T:

cosycoso sinycoso -sind

['I‘]'1 = |-ginycos¢d + cosysinésing cosycos¢ + sinysinbsing cosfsing j@-9)

sinysin¢ + cosysindcos¢ -cosysiné + sinysinbcos cos8cos¢

This matrix is also stored when Subroutine MATRIX is executed and .
is used in transforming from the Aircraft to the General Coordi-
nate Systems. Transformation of any vector from one coordinate i
- system to another is done by executing Subroutine VXMAT with the
vector and desired transformation specified in the argument list.
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Look-Angles

To compute the presented area for a component, the azimuth
and elevation look-angles of the line from the weapon to the com-
ponent must be computed. 1In Figure 2-3 the orientations of the
look-angles around the aircraft centroid are shown. The azimuth
look-angle is mearured from the rear of the aircraft in a counter-
clockwise direction when . iewed from the top of the aircraft. The
elevation look-angle is measured from the bottom of the aircraft
(V.U degrees) to the top (18(G.0 degrees). The look-~angles to a
component use the same orientation, but the system origin is first
translatead to the component lccation. The look-~angles to a compo-
] nent are computed by converting the vector from the laser location
to the aircraft centroid into the Aircraft Coordinate System and
adding the vector locating the componcnt on the aircraft,.

Gta = Gtg*I(T) (2-10)

Gca = Gea + Cq (2-11)

Geg = vector from the laser location to the target center in
the General Coordinate System

Gea = vector in the Aircraft Coordinate System equivalent to
Gtg

Ca = vector locating the component in the Aircraft
Coordinate System

Gca = vector from the laser location to the component in the
Aircraft Coordinate System with components (cx, Cy, Cz)

The look-angles to the comp.onent are then computed using:
Alc = tan—l(cy/cx) (2-12)
Elc = W2 - tan~l (cz/(cx2 + cy2)1/2) (2-13)
where

Alc = azimuth look-angle of the line from the laser location
to the component; 0.0 < Alc < 2w

E}¢c = elevation look-angle of the line from the laser
location to the component; U.0 < Elc < 7

[
[ oy
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; The look-angles computed by using Fgquaticns 2-12 and 2-13

g result in angles which, when oriented as shown in Figure 2-3, are

‘ the proper angles to point a vector from the component back
towards the laser location; that is, the lock~angles define the
negative of the vector Gca. The relationchip of the vector Gga
and the look-angles is shown in Figure 2~4. Note that the coordi-

L. nate system in this figure is obtained by translating the origir

‘ of the Aircraft Coordinate System to the component center. The

range of values for the angles Aj. and E). is achieved by using

the ATAN2 FORTRAN function and some IF statements in Subroutine

LCKANG. The azimuth and elevation look-angles to an aim point on

; the target are computed by the same procedure substituting the aim
point location for the component location.

tncounter Coordinate System

1 The €inal coordinate system is used for computations involv-
ing the laser beam interacting with the target. The Encounter .
F CoorGginate System has its origin at one of the aim points on the
. target. The X-axis poin*s along the line-of-sight toward *he
S laser location, so that the YZ-plane is perpendicular to the
E } line-of-sight. The angular transformation from the Aircraft to
3
1
i

the Encounter Coordinate Systems involves a heading rotation, ¥,

of the XY-plane, followed by a dive rotation, 6, of the new

XZ-plane. The rotation angles are computed using J
Y = Ajg = ¥ (2-14) {

8 = n/2 - Ela (2-1%) '

A]a = azimuth look-angle of the line from the laser location ,
to the aim point; 0.0 < A1y £ 27 j

= elevation look-angle of the line from the laser
location to the aim point; 0.0 < Ejy <7

m
—
V]

l

Vv = rotation angle for the XY-plane; -m < ¢ £ ™

8 = rotation angle for the XZ-plane after rotation through
3 =n/2 X 06 £ n/2

Figure 2-5 is used to show the relationship of the angles U, Aj,,

® and E}a in the Encounter Coordinate System. These rotations are

equivalent to the first two shown in Figure 2-2. By assigning a

roll angle equal to 0.0, the Aircraft to Encounter Coordinate Sys-

tem transformation matrix can be computed using Equation 2-5 with !

heading and dive angles from Equations 2-14 and 2-15. This is Ly
3
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Alc is the angle computed by using Equation 2-12 in the
translated coordinate system, and is equivalent to the

azimuth lock-angle A;..

Ejc is the angle computed by using Equation 2-13 in the
translated coordinate system and is equivalent to the

elevation look-angle Ejc¢-

Figure 2-4. Loock~angle Computation.
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X3, Ya, and 25 are the Aircraft Coordinate System Axes
translated to the aim point.

Xe, Yo, and Z¢ are the Encounter Coordinate System Axes.

Figure 2-5. Rotation Angles into the Encounter Coordinate System.
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done by simply invoking Subroutine MATRIX with the new rotation
angles as the arguments.

TKACKING COMEUTATIONS

The tracking module in the ASALT~I Model 1s used ¢ evaluate
two conditions which are prerequisites for the simulation of laser
firing. The first condition is that the minimum prefire *“rack
tine nust be satisfied. This computation is a simple comparison
of time values. 1The second condition is the comparison of the
weapon slewing rates with the maximums for the system ecstablished
by the user on Card 7 of the input ueck. The slewing rates are
computed by evaluating the first derivatives of the weapon-to-tar-
get azimuth and elevation angles. The azimuth and elevation
angles of the vector from the weapon to the target are computed Uy

Az = tan-1(y/x) (2-16)

tan-l (z/(x2 + y4)1/2) (2-17)

El
where
A; = azimuth angle of the line from the weapon to the target

E] = elevation angle of the line from the weapon to the
target

(2,y,2) = vector from the laser locatior to the target in the
General Coordinate System

Using the prime notation for derivatives with respect to time, the
azimuth slew rate equation is

Ayt = (y/x)'/{1 + (y/x)2] (2-18)
Az' = (xy' - x'y)/(x2 + y?2) (2-19)

The elevation slew rate eguation is:

El" = gz/ [(x2 + yz)l/z] 5‘*;1 + ‘z/[(xz + '12)1/2];2} (2-20)

2-13

(2-21)

Forme mrn oy o
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where
Az' = azimuth slew rate
E1' = elevation slew rate

(x',y',2') = rate Of change in the aircraft position vector; the
aircraft velccity vector

BLAM PROPAGATION

Ags the laser beam propagates through the air, its power
aecreases due to interaction with molecules and particulate matter
in the atmosphere. The propagation module of the program uses an
array of attenuation factors which are a function of range to simu-
late the effects of atmospheric attenuation on the beam.

% Cne possible countermeasure for use against a laser beam is a
l smoke corridor. The principle is that a thick cloud of smoke

! would further degrade the beam power reaching the aircraft. A
smoke corricor may be modeled in the program by specifying two end
points in the General Coordinate System for the corridor on Card

i 10 of the input deck. The power degradation due to smoke interfer-
b ence occurs only '"“en the vector from the laser location to the

; target intersects the line between the smoke corridor end points

i as shown in Figure 2-6. This intersection requires satisfaction

f of two mathematical conditions: first, the azimuth angle from the
’ laser tc the aircraft mus*t be between the azimuth angles from the
; laser to the end points of the smoke corridor; second, the range
from the laser to the aircraft must be greater than the range from
the laser to the point of intersection. The first condition is
evaluated by simply comparing azimuth angles. The second condi-~
tion requires that the point of intersection (xj, yj) be deter-
mined so that the ranges may be compared. The computation of the
intersection point involves the solution of two simultaneous

u eguations. The point of intersection may be expressed as:

t Xi = Xy + Sy(Xxg - Xy) (2-22) ¢

Yi ®= Yw * SwlYa = Yw) (2-23) f

where

Xj = x-coordinate of the point of intersection T
yi = y-coordinate of the point of intersection
Xy = x-coordinate of the weapon location

yw * y-coordinate of the weapon location

Xa = x~coordinate of the aircraft location

Ya = Y-coordinate of the aircraft location

TR
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; Figure 2-6. Smoke Corridor Geometry.
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8y = fraction of the horizontal distance between the laser
and aircraft at which the point of intersection lies

The same pcint of intersection mz2y be expressed as:

Xi = xg] + Ss(st - XBl) (2-24)
Yi = ¥Yg] + 8g(yg2 = Ys)) (2-25)
where

Xg] = x-coordinate of the smoke corridor first end point

yg] = Y-coordinate of the smoke corridor first end point

Xxg2 = x-coordinate of the smoke corridor second end point

ys2 = Y-coordinate of the smoke corridor second end point

Sg = fraction of the aistance between the first and second

end points a*t which the point of intersection lies.

Equations 2~22 and 2-24 as well as 2-23 and 2-25 can be equated
resulting in two simultaneous equations with two unknowns, s, and
Sg, as shown below.

Yw *+ Sw(Ya = Yw) = ¥Yg)] *+ Sglyg2 = Ys1) (2-27)
¢.iving Equation 2-26 for s, and substituting into Equation 2-27

results in an expression which can be scvlved for the term s..

(y, =y J)(x_; ~x) + (x_ - Yy, = Y1)
-, = a w ‘“gl w a - XYy sl (2-28)
(Yga = Yg1) (%, - x) - (kg9 = Xgy) (¥, = ¥,)

By valuating Equation 2-28 first, the fraction sg, can be substi-
tvted into Equations 2-24 and 2-25 resulting in the values for the
c. .dinates of the point of intersection. The rest ¢f the smoke
corridor problem consists of simple distance computations and
comparisons.

DAMAGE

In order for a laser beam to damage an aircraft, the power in
tha laser beam must accumulate over a period of time until the to-
tal energy absorbed by some component is adequate. In the ASALT-I
Model, the user selects up to 10 aim points on the aircraft. Asso-~
ciated with each aim point is an envelope defining the range of

2-16
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look-angles at which the aim point can be hit, and a pair of stan-
dard aeviations for the errors in locating and holding a beam on
the aim point. 1The probability of hitting a component is computed
by determining the rectangular presented area of the component,
computing the total standard deviations, and integrating an offset
Gaussian probability density function over the component presented
area. An example target with components, aim points, and an aim
point envelope is shown in Figure 2-7. The probability of hit is
multiplied by an integration time interval to determine the ex-
pected time duration of the laser beam center on the component of
interest. The expected time multiplied by the attenuated beam
power results in the amount of energy reaching the comgonent

our ing the time interval. By summing the added energies for aach
time interval, the total expected energy on the component is ob-
tained. Component Fk is dependent on the total energy accumula-
tea. 1he component Fk's are then combined using fault tree struc-
tures resulting in subgroup and total target Pk's for each kill
category. All of the damage computations are evaluated separately
for every aim point,

Component Rectangular Presented Area

The user assembling the input data deck must include a loca-
tion, as well as 26 presented areas and widths for each component
on Caras 13 and 14. These data are used in the ASALT-] Program to
determine the location and boundaries of the component presented
area based on the current weapon-to-aircraft geometry. Each pre-
sented area and wiath pair mey be interpreted as the area and hor-
izontal length as seen from the weapon location when the look-
angles define the orientation between the weapon and component.

In Figure 2-8 the width and presented area for a component are
shown for an azimuth look-angle equal to 225 degrees and an eleva-
tion look-angle equal to 135 degrees (refer to Figure 2-3 for
look-angle orientations). The figure depicts the target as it
would be seen from the weapon location.

The 26 standard sets of azimuth and elevation look-angles
used in this proaram are listed in Table 2-1. For an arbitrary
set of azimuth and elevation look-angles from the laser location
to the component, the presented area and width are interpolated
from the 26 sets of input values. Subroutine INT26 is used to
select four of the 26 standard look-angles which geometrically
strround the current look-angles, and to perform an interpolation
between the corresponding sets of presented areas and widths.

2-17
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Figure 2-7. Components, Aim Points, and Aim Point
Envelopes in the Target Model.
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Figure 2-8. Example Component Presented Area and Width.

Table 2-1. Standard Look-angles for Component Presented Areas
and Widths.

s s

--- LOOK-ANGLES -=- --- LOOK-ANGLES ---
INDEX AZIMUTH  FLEVATION INDEX  AZIMUTH  ELEVATION
1 0 0 14 180 90
2 0 45 15 225 90
3 as 45 16 270 90
4 90 45 17 345 90
5 135 45 18 0 135
6 180 45 19 45 135
7 225 45 20 90 135
8 270 AS 21 135 135
9 315 4s 22 180 135
10 0 90 23 225 135
i 11 45 90 24 270 135
! 12 90 90 25 315 135
; 13 135 90 26 0 180
|
d K
B
‘ 2-19
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ProLability of Hit

The probability of hitting the component is computed assuming
*he component has a rectangular presented area and that the normal
(Gaussian) probability uensity function describes the accuracy of
the beam center hitting the aim point. Wwith these assumpt*ions,
the probability of nit is computed by integrating a two-cdimension-
al normal probability density function centered at “he aim point,
over limits defined by the offset component presented area. The
mathematical expression used is:

Py = ~i__ exp [- Y _ 2 2] dzdy (2-29)
2

2
2woyoz oy 202

Y - gy/2 z; - gz/2

where

Oy = total standard deviation in the direction of the Y-axis
of the Encounter Coordinate System

o, = total standard deviation in the direction of the Z-axis
of the Encounter Coordinate System

Y] = y-coordinate of the component centroid in the Encuinter
Coordinate System

2) = g~coordinate of the component centroid in the Encounter
Coordinate System

9y = width of the component presented area

gz = height of the component presented area

by = probability of hitting a rectangular component offset
from the aim point

The standard deviations in Equation 2-29 are computed by combining
standard deviations in aim point location and jitter using these
equations

1/2
- 2 2 (2-30)
oy (oay * our?)
(2-31)

1/2
P 2
Oz S(sz + Uaz )

2-20
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where
Ojy = standard aeviation aue to jitter of the beam in the
direction of the Y-axis of the Encounter Coordinate
System

standard deviation due to jitrter of the LDeam in the
direction of the 2-axis of the Encounter Coordinate

System

Oay = standard deviation of the error in locating and )
tracking the aim point in the direction of the Y-axis

of the Encounter Coordinate System

= gtandard deviation of the error in locating and
tracking the aim point in the direction of the 2-axis
of the Encounter Coordinate Systen

Caz

] The probability of hit, Py, in Equation 2-29 is computed as the

product of two integrals

l Y, + 9 /2
P, = 1 Y exp (—y2/20 2) dy
v 2n Oy Y
Y1 - gy/2
i z, +g_/2
3 fl 2 boE exp (-22/20 2) daz (2-32)
VvV2n oz z
z, - gz/2

Each of these integrals is evaluated by using a modified version
of an approximation from Approximations for Digital Computers by

Hastings.4

4 Hastings, Cecil Jr., assisted by Hayward, Jeanne T., and
Wwong, James P. Jr., Approximations for Digital Computers,
page 187, Princeton University Press (1955)
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Hastings approximates this integral
x
2
2 -t
d(x) = — e dt -

by using

.\ 16
d(x) = 1 - [1/(1 + a;x + a2x2 + a3x3 + a‘x‘ + asxs + asxﬁ) ] (2-34)

where
ajy = 0.0705230784
a; = 0.0422820123
a3 = 0.0092705272
ag * 0.0001520143
ag = 0.0002765672
ag = 0.0000430638

The probability of hit along one axis is one of the factors from
Equation 2-32. Using the Y-axis as an example

diantd

R

S ——

Y, + 9 /2
Y
P, = — ex -y“/20 d (2-35)
Y, + qylz ]
1 2 2)
P, = - "y /2
SR I o (rfrasy?) e :
‘ Y, - 2
| - 22— 17 % exp (-y%/20,%) a (2-36)
Vvar °y o d
Pay = B [¥1 + 9/21] -+ 2 [y - (g,12)] (2-37) |




-y
11 * - em—— v

JTCG/AS-81-5-004

where

F(Y] + gy/2) = integral of the normal probability density
function evaluated from -= to (y; + gy/2)

P(yy; -~ gy/2) = integral of the normal probability density
- function evaluated from -= to (yy - gy/Z)
Pyy = probability of hit within the y directional

limits of the component presented area

Since the normal probability density function usea in Equations
2-35 and 2-36 has a mean at y=0, and the integral of this function
from - to the mean eguals one-half, the first term in Egquation
2~37 may be written as:

Y1+ 9,/2
P [yl + (g /2)] = % + ot exp (-yzlzo 2) dy (z-38)
. Y va2n o Y
{ Substituting
i |
t = -——l-_ ‘<
; \/3 OY
’ i
i dt = f 1 4
2 0
Y
y; + g:[/2
/ ‘4’2_ Gy
Y, + g9,/2
P (—1——1—) = % + 1 exp (-t2) at (2-39)
v3i o VT
y
; 0
’ ]
Now let ;
+q. /2 f
= 1" 9y
0. i
Y
i
X i
X 1 1 2 2
) -—) = =+ |2 2 exp (-t°) at (2-40)
(fz 2 2l& (%) ]
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ana using the Hastings approximation from Egquations 2-33 and 2-34.

p(‘/—;—) = 1+3 ¢(‘7_’2‘—-> (2-41)

rrm————
T i .

*®

! X\ .1 ,1), x 2 3
R[]

1 : x4 5 6] 16
4 x
Ef + a‘(—;—) + as(_g_) + as(_i_) ] } (2-42)

The approximation used in Function DFN to implement Equation 2-42
uses the equivalent equatioun:

e NP

e

16
x\ . 2 3 4
P(\/E } -[1 - 0.5/(1 + byx + byx? + byx® + byx 4+ bx® 4 bsxs) ] (2-43)

e v,

ay/21/2 = 0.,0498673469
a;/22/2 = (.0211410061 :

o U
~ o
n L]

by = a3/23/2 = 0.0032776262 !
bg = a4/24/2 = 0.0000380036
bg = ag/25/2 = 0.0000488905
bg = ag/26/2 = 0.000005383

At et

This approximation for function, F, is used for both terms in Egua- . ;
tion 2-37 and also for the probability of hit along the Z-axis, so g
Equation 2-32 is evaluated in Functiorn PHIT using the equation: 4

DA RS —m_'.y.‘ . : R
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o ]
+ /2 - 2
b, = P(Ylo Iy ) ) p(yl 9/ )
y y
,’ h
2, + g_/2 z, - g_/2
1 z 1 z
I ( Cz ) ) P( Te ) (2-44)

Fk Computations

Component Fk's are determined by the total amcunt of energy
accumulated cn the component. On Card 15 of the input data deck,
the user must specify component Pk at ten levels of accumulated
energy for every component. Gnce the accumulated energy is Known,
component Pk is computed by linear interpolation of the component
Fk values for the accumulated energy level.

The last set of cards in the input data deck (Card 17) is
used to define as many as three aircraft fault tree structures.
These structures are used to determine the method for combining
component Pk's into total aircraft Pk's for each kill category,
possibly utilizing several levels of subgroups. Subroutine FALTRE
is used to interpret the fault tree structures stored in array MUL
and compute Pk's for each group by properly combining Pk's for the
subgroups. The mathematical technique for computing a total air-
craft Pk using a fault tree description is discussed in the text
that follows using an example fault tree with two intermediate
levels. 1In this discussion the word, subgroup, refers to a set of
components; and the word, group, refers to a set of subgroups.

Referring to Figure 2-9, a target is illustrated in space as
a symbolic shape. The most elemental building block of the target
is a component, of which six appear in the example. Combinations
of components form subgrocups, three of which are presented in the
example. Subgroups are combined into groups, there being two
groups in the displayed target. A fault tree diagram of the same
target is shown in Figure 2-10. The analogy between Figure 2-9
and the appearance of a political map is directly applicable. For
example, if Sven Forkbeard asks his field marshal, "What happens
to Targetsland if we take Essthree County?”, the field marshal
must answer, "I am told by my spies that we can control the State,
Geetwo, depending upon the momentary defenses of Esstwo County."
The vulnerability of a gyroup must therefore be described by how
many of its subgroups must be killed in order to kill the group

containing them.
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In order to completely arscribe the vulnerability of a
target, the following definitions are made:

Ncompsj = number of components in the jth subgroup
Nsubk = number of subgroups constituting the kth group

Ngroup = nuaber of groups into which the entire target* is
divided

Nreqy = number of subgroups required *o be killed in the
kth group in order to score a kill for the entire
group

In this example, each subgroup is a singly vulneratle collec-
tion of components and computation of a subgroups's kiil probabil-
ity makes use of Equation 2-45:

Ncompsj

Pksj =1 - I (1 - Pkci) (2-45)

where i=1

Pksi: = kill probability for subgroup j 4
Pkcj = kill probability for component i

Similarly the total target in this example is a singly vul-
nerable collection of groups, and the total target kill probabil-
ity is computed with a similar eguation

Ngroup .

Pk = 1 - n (1 - Pkgn) (2-46)

n=1l
where

Pk = probability of kill for the total target
Pkgp = kill probability for group n

Mathematical statements like Equations 2-45 and 2-46 are
evaluated in Subroutine FALTRE to determine the Pk for any group
of singly vulnerable subgroups.

In this example, group G2 contains redundant or parallel sub-
groups, and its probability of kill depends on the number of sub-
group kills required to cause failure of the entire group. The
following paragraphs are used to describe the method used to com-
pute Pk's for parallel or redundant subgroups. |
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Each subgroup is assumed o exist in only a kill or survive
state. The probabilities for each state are:

Fksp = probability that the nth subgroup is killed
(1 - BEksp) = probability that the nth subgroup survives

In a probability sample space, the probability conten* of the
total area of the space is unity, i.e. the probability of all pos-
sible events occurring is one. Figure 2-11 is a graphical repre-
sentation of the probability space for a group of two subgroups.
The areas constituting Figure 2-11, numbered 1 through 4, repre-
sent all combinations of events in the sample space defined by two
subgroups with two possible states. Let us now apply a condi-
tional constraint upon the events, specifying interest in accoun-
ting for only those events where at least one subgroup is killed.
For the example, the probability becomes the sum of the areas 2,

3, and 4

P(one kill) = P(2)+ p<§>+ p(:) (2-47)
1.0
1 SURVIVES 1 KILLED
KILLED 2 KILLED 2 KILLED
SUBGROUP 2 T @ @
STATES .
1 SURVIVES 1 KILLED
2 SURVIVES 2 SURVIVES
SURVIVES , (:> (:>
0.
0.0 SURVIVES KILLED 1.0

SUBGROUP 1 STATES —»

Figure 2-11. Probability Space of Two Subgroups.

A N F i st M.
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or, substituting the appropriate survival and kill probabilities
for the summed terms of Ecuation 2-47,

F(one kill) = (Pksj)(1-Pksp) + (l1~Pks]) (Pks3z) + (Pks)) (Pks3) (2-48
Let:

F(Nregg) = probability of group kill,; given *that at least
Nreqg subgroups must be killed

As in the preceding example, the probability of a group kill,
P(Nregk) » is computed as the sum of the exclusiva event probabil-
ities, for all events satisfying the specified outcome, i.e. at
least kregk subgroup kills. This sum can be implemented by intro-
ducing a binary number with Nsubg binary digits and a function,
Bh(3)» 0 select one of these bits.

Lef ine
§
: En(Jj) = binary bit of order n in the binary number represent-
: ing (j-1), for example B} (6) 1s the first order bit
t of the binary number representing 5 i.e. the right-
: hand digit of 0101 (bits are numbered from right to

Now define

Pk?n; ihe kill probability of the nth subgroup if
Bn]‘

Fr(3)
= (l1-Pksp), the survival probability of the nth
subgroup if Bp(j) =0
For an exclusive event, A;, in the sample space of all combina-

tions of subgroup kills ahd survivals, the probability of the
event can be computed using the expressicn:

Nsub,
P(Aj) = I—I F_ (3) (2-49)

n=]

where

A4 = one exclusive event consisting of a unique combina-
tion -~ % kills and survivels for subgroups

1,2, .Subk

o

o b
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P(Aj) = probability ¢f event Aj
Since only two states, kill or survive, are allowed for each sub-
group, the number of possible combinations of subgroup states in

the sample space can be computed using
p = pNsubg (2-50)

where
b = total number of possible combinations of subgroup
states in the sample space.

ine sum of all events in the sample space is one.

(2-51)

M
1= E P(Aj)
31

2Nsubk Nsubk

1 .-.Z l—l Fn(j) (2-52)

j=1 n=1

By introducing another term to include only the desired events
from the sample space, the group kill probability can be computed:

stubk Nsubk
P(Nreqy) =2 I(j)I—[ Fn(j) (2-53)
j=1 n=1
where
I(j) = 1 if at least Nreqy terms of the product, NFp(j), are
kill probabilities; i.e. if ngjk Bn (j)>Nreqy
n=

= 0 if at least 1 + Nsuby - Nreqx terms of the product
IFn (3) are survival probabilities; i.e. if

Nsuby
L  Bp(j)<Nreqy
n=1

Equation 2-53 is the formulation mechanized in Subroutine MVHART.

2-31
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LIST OF ABBREVIATIONS AND SYMLEOLS

This subsection contains a complete list of symbols used in
the Mathematical hodel. The list is arranged alphabetically with
capital letters preceding lower case letters and Greek letters at
the end. The list is divided into four columns with the symbols
printed in the le : column and their definitions printed in *he
third columnn., If a mathe.atical symbol has an eguivalent FOKRIRAN
variable name in the program source code, the FCKTRAN name is
printed in the second columr. The fourth column is used to
indicate thr units of the value for the symbol when any agpply.

TR TR L

S~ T

i
j
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- Abbreviation
or symbol

Ry
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JTCG/AS-81-5-004

LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL )

Equivalent in

Simulation
Model

AIMAZ

COMPZA

AZDOT

*Nondimensional

pDefinition Units

One exclusive event ND¥*
consisting of a unique
combination of kills

and survivals for sub-

groups 1,2,...Nsubk;

1 <3 < 2 Nsub,

Azimuth look-angle of radians

the line from the laser
to the aim point; 0.0 <

Ala < 2m

Azimuth look-angle of radians
the line from the laser

to the component; 0.0 <

Alc < 2m

Azimuth angle of the radians
line from the weapon to

the target in the Gener-

al Coordinate System

radians/
second

Azimuth slew rate of
the laser weapon

Constant used in the ND
Hastings approximation;
=0.0705230784

Constant used in the ND
Hastings approximation;
=0.0422820123

Constant used in the ND
Hastings approximation;
=0.0092705272

Constant used in the ND
Hastings approximation;
=0.0001520143

Al
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Fquivalent in
Abbreviation Simulation Definition Units

or symbol Model
a ——— Constant used in the ND

3 Hastings approximation;
=0.0002765672

L I

a -—- Constant used in the MD
Hastings approximation;
=0.00004306138

Bn(j) -—- The binary bit of order ND
n in the binary number

representing (j-1), for
example B) (6) is the
first order bit of the
binary number represent-
ing 5 i.e. the right
hand bit of 0101 (Bits
are numbered from right ¥
to left)

bl -— Constant used in the ND
modified Hastings
approximation;
=0.0498673469

b ——— Constant used in the ND
modified Hastings
approximation

=0.0211410061

b3 -— Constant used in the ND
modified Hastings
approximation;
=0.0032776263

b, —— Constant used in the ND
modified Hastings
approximation;
=0.0000380036

b - Constant used in the ND J
modified Hastings |
approximation;
=0,0000488906




Abbreviation
or symbol

bg

r— e —
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Equivalent in
Simulation
Model

COMP (I, ICOMP) ,
15102'3

D(1)

D(2)

D(3)

ELDOT

AIMEL

Definition Units
Constant used in the ND
modified Hastings
approximation;
=0.000005383
Vector locating the meters

component in the Air-
craft Coordinate System

x~component of the meters
vector from the laser
location to the compo-=

nent in the Aircraft
Coordinate System

y-component of the meters
vector from the laser
jocation to the compo-

nent in the Aircraft
Coordinate System

z-component of the meters
vector from the laser
jocation to the compo-

nent in the Aircraft
Coordinate System

Dive transformation ND
matrix

Elevation angle of the radians
line from the weapon
to the target

Elevation slew rate radians/
for the laser weapon second

Elevation look-angle radians
of the line from the
laser to the aim point

2-35
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Fquivalent in

Abbrcviation .
) or symbol Si:gl:%ion Definition Units
E e COMPEL Elevation look-angle radians

of the line from the

laser to the component

B .

Fn(j) PKM (N) Pksp, the kill probabil- ND
ity of the nth subgroup
if Bp(j)=1; otherwise
(1-Pksp) , the survival
probability of the nth
subgroup if Bp (J)=0

Gca -——- vector from the laser meters
location to the compo-
nent in the Aircraft
Coordinate System with
vector components (cx

TR
B I SR

Cy, Cz)
] Gya -—- Vector in the Aircraft meters
3 Coordinate System equl.-

1 valent to Gtg

Gt GUNTAR(I) , vector from the laser meters

g 1=1,2,3 location to the target
center in the General
Coordinate System

g - Wwidth of the component radians

Y presented area

g, ——— Height of the compo- radians
nent presented area

R - Heading transformation ND
matrix

B TIRT ACRATN A

SUM : e e

e e .
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

c s Equivalent in
Abbreviation Simulation : Definition Units

or symbol Model

I(3) -—- =1 if at least Nreg
termms of the proguct,

NMPn(j), are kill prob~
abilities, i.e. if
Nsubk

z Bn(j)>Nreqy
n=1

=0 if at least 1+Nsubg-
Nregx terms of the
product, NIFn(j), are
survival probabili-~
ties, i.e. if
Nsuby

z Bn(j)<Nreqy
n=1

ND

~—

M - Number of possible com- ND
binations of subgroup
states in the sample
space; M=2Nsubk

Ncomps . LSYS Number of components in ND
] the jth subgroup

&> Ngroup LSYS Number of groups into ND
A which the entire target
is divided

Nreqk LREQ Number of subgroups re- ND
quired to be killed in
tke kth group in order
to score a kill for the
entire group

ALt .

Nsubk LSYS Number of subroups con- ND
stituting the kth group

P(Aj) - Probability of event Aj ND

e LI
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Abbreviation
or symbol

Py

Ry

Pk

Pkci

qun

Pksj

P(Nreqk)

P(one kill)
g
P(y1+7x)

P ‘Yl"gx)

Fquivalent in
Simulation
Mode!

PHITY

JTCG/AS-81-8-004

LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Definition

Probability of hitting
a rectangular component
offset from the aim
point

Probability of hit
within the y directional
limits of the component
presented area

Probability of kill for
the total target

Kill probability fer
component i

Kill probability for
group n

Kill probability for
subgroup j

Probability of group
kill, given thot at
least Nreqg subgroups
must be killed

Probability of at least
one kill in a group con-
sisting of two subgroups

Integral of the normal
probability density
function evaluated from

-o to (Y1+gy/2)

Integral cf the normal
probability density
function evaluated from
- tO (Yl‘gylz)

Roll transformation
matrix

2-38

Units

ND

ND

ND

ND

RD

ND

ND

ND

ND

ND

s e b

S et
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Abbreviation
or symbol

S

]

Vaf

B N Y T

LIST OF A
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BBREVIATIONS AND SYMBOLS

(MATHEMATICAL MODEL)

Equivalent
Simulation
Model

TRANS

in
Definition

Fraction of the distance
between the smoke cor-
ridor first and second
end points at which the
point of intersection
with the laser to air-
craft vector lies

Fraction of the horizon-
tal distance between the
laser and aircraft at
which the point of inter-
section with the smoke
corridor lies

Transformation matrix
between two coordinate
systems; product of
heading, dive, and roll
transformation matrices

x-component of a vector
in the Flight Path
Coordinate System

x-component of a vector
in the General Coordi-

nate SyRtem equivalent

to (vxf, vyf, vaf)

y~component of a vector
in the Flight Path
Coordinate System

y-component of a vecto:
in the General Coordi-
nate System equivalent
o (vxf., Vyf» vzf)

z-component of a vector
in the Flight Path
Coordinate System

Units
ND

ND

ND

ND

ND

ND

ND

ND

T e I T, TR e g <
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Fquivalent in
- Abbreviation Simulation Definition Units
or symbol Model
v, - z~component of a vector ND
9 in the Gereral Coordi-
nate System equivalent
to (vxe, Vyfr Vaf)

x TARGET (1) x~coordinate of the meters
aircraft location in

the General Coordinate

System

XIN x~-coordinate of the meters
aircraft location in
the Flight Path Coordi-
nate System

XFp x-coordinate of the re- meters
ference point in the
Fliqght Path Coordinate
System

x OTAPE(2,1I) x-coordinate of the lo- meters H
g cation in the General 1
Coordinate System equi~
valent to (xf, vg, zf)

. x XG x-coordinata of the re- meters

b 9r ference point in the }
General Ccordinate ‘
System

T

x XY(l) x-coordinate of the meters
point of intersection of

the smoke corridor and
weapon-to-aircraft line

SMOKX (1) x-coordinate of the meters
A smoke corridor first
3 end point

SMOKX(2) x-coordinate of the meters

xsz
smoke curridor second

4 end point

1

1

1

1

1

L i
2-40 .
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Abbreviation
or symbol

xw
(x,y,2)

(x',y' ,2")

(xoYtz)l

(xIle)2

(xly'z)g

(x.y.Z)4
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Equivalent in
Simulation
Model

GUN(1)

GUNTAR

(TXDOT, TYDOT,
T2DOT)

TARGET (2)

Definition

x-coordinate of the meters

weapon location in the
General Coordinate
System

YVector from the laser meters

location to the target
ir the General Coordi-
nate System

Units

Rate of change in the meters/

aircraft position vec-
tor; the aircraft velo-
city vector

Vector in the conrdinate
system with axes Xj, Y3,
and 23

Vec:or in the coordinate
system with axes X;, Y2,
and Z3; equivalent to
(leIz)l

Vector in the coordinate
system with axes X3, Y3,
and 23; equivalent to
(x,y,2) 2

Vector in the coordinate
system with axes X4, Y4,
and Z4; equivalent to
(X:le)3

y~coordinate of the
aircraft location in
the General Coordinate
System

2-41
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ND

ND

meters
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Abbreviation
or symbol

Ye

yfr
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Eauivalent in
Simulation

Model
YIN

YFP

OTAPE(3,I)

YG

XY (2)

SMOKY (1)

SMORY (2)

GUN(2)

COMPE (2)

Definition Units

y-coordinate of the meters
aircraft location in

the Flight Path Coordi-

nate System

y-coordinate of the re- meters
ference point in the

Flight Path Coordinate

System

y-coordinate of the lo- meters
cation in the General
Coordinate System equi-

valent to (x¢, Y¢, 2f)

y-coordinate of the re- meters
ference point in the Gen-
eral Coordinate System

y-coordinate of the meters
point of intersection of

the smoke corridor and
weapon-to-aircraft line

y-coordinate of the meters
smoke corridor first

end point

y~coordinate of the meters
smoke corridor second

end point

y-coordinate of the wea-meters
pon location in the Gen-
eral Coordinate System

y-coordinate of the radians

component centroid in
the Encounter Coordinate
System, measured in
radians from the laser
location

e e o at
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Equivalent in

- Aggrg;;g;:on Simulation Definition Units
Model
Zg OTAPE (4,1) z-coordinate of the meters

aircraft location in
the Flight Path Coordi-

nate System

z OTAPE(4,1I) z-coordinate of the lo- meters

9 cation in the General
Coordinate System equi-
valent to (xf, Yf, Zf)

Zor 2G z~coordinate of the re- meters
gl ference point in the
General Coordinate
. Systen
zy COMPE (3) z-coordinate of the radians

component centroid in
the Encounter Coordinate
i Systemr measured in radi-
P ans from the laser
location

] -——— Rotation angle for the radians
XZ-plane after rotation
L through Y, when convert-
n ing from the Aircraft
= to the Encounter Coordi-
nate Systems

; T -— 3.14159265 radians
Ca SIGMA (IAIM,1l) Standard deviation of radians
Y the error in locating

; and tracking the aim

' point in the direction
. of the Y-axis of the
» Encounter Coordinate
System

2-43 , i
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i LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Abbreviation  Quivalent in

* . Simulation
or symboi Model

Ougz SIGMA (1aAM,2) Standard deviation of radians
the error in locating
and tracking the aim
peint in the direction
of the Z-axis of the
Encounter Coordinate
System

Definition Units

1 fo YJITTR Standard deviation due radians
)y to jitter of the beam
in the direction of the
Y-axis of the Encounter
Coordinate System

°jz 2JITTR Standard deviation due radians
to jitter of the beam in
the direction of the 2-
axis of the Encounter
Coordinate System

o SIGY Total standard devia- radians H

Y tion in the direction
of the Y-axis of the
Encounter Coordinate
System

o] S1G2 Total standard devia- radians
tion in the direction

of the Z-axis of the ]
Encounter Coordinate
System

o (x) —— Integral evaluated by ND
the Hastings approxima-
tion

b it maa

1 —— Rotation angle for the radians
XY-plane in a transfor-
mation between coordi-
nate systems

2-44
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LIST OF ABBREVIATIONS AND SYMBOLS
(MATHEMATICAL MODEL)

Equivalent in

. Abbreviation .
- or symbol S‘ag;:§1°"
wf OTAPE(13,1)

‘1’1 PSI

Definition Units

Aircraft heading angle radians
in the Flight Path Coor-

dinate System

Rotation angle from the radians
X-axis of the Flight

Path Coordinate System

to the X-axis of the

General Coordinate Sys-

tem (a positive rotation

is counterclockwise when
viewed from above; i.e.

the positive Z-axis)

o
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SECTION III
INPUT

There are two input files required when executing the ASALT-1
Model. The first input file, called the data deck, is read from
Logical Unit #5 and consists of formatted records or cards. The
second input file, read from Logical Unit #l10, contains *the air-
craft flight path data on a binary tape generated by executing the
Engagement Model. This section is used to descr ibe these input
files by presenting the order of the records on both files, and
listing definitions for all input parameters. This information is
primarily in tabular form so that this section may be used fre-
guently as a quick reference source wshile preparing the program
input.

FILES - INFUT DATA LCECK

The input data deck consists of 17 different card types
arranged in the order shown in Figure 3-1. Following the figure,
a set of data card description forms is used to present the de-
tails of each card type including parameter definitions, formats,
units, and locations of each field on the card. The card contents
and card 1D number printed on the top rows of each data card de-
scription form correspond to a card contents and ID number in
Figure 3-1. The columns of each data card description form are
used to list the units, definition, format, and card column loca-
tion for each input parameter. Cards 1 thrcugh 10 are read during
execution of Subroutine READY and contain parameters which
describe the laser characteristics or select various program
options. Cards 11 through 17 contain parameters describing the
target aircraft and are read during execution of Subroutines ACIN

and HMVINPT.

The components of the aircraft can be arranged in a variety
of fault tree structures by the parameters on the final group of
cards, which use the Card 17 format. These cards contain alpha-
numeric data which are read and interpreted by executing Subrou-
tine MVINPT, and enable a user of the ASALT program to use an
English-like description to define fault trees for as many as
three aircraft kill categories. Subroutine EKOMUL is executed
after Subroutine MVINFT to print the fault trees as part of the
program output

3-1
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CARD ID NUMBER:-

1

CARD CONTENTS:

Time Step and Line Printer Control

WORD VARIABLE

UNITS

DEFINITION

FORMAT

COLUMN

1 TDELT

2 IPRINT

3 LINLIM

seconds

Time interval be-
tween each itera-
tion of the progr
computations

Number of time
intervals (equal
to TDELT) between
each line of line
printer output;

if IPRINT=0, only
the final damage
summary is printed

Number of lines
printed on each
line printer page;
a heading is
printed at the top
of each new line
printer page by
counting lines of
output and compar-
ing with this
number

E8.0

18

18

9-16

17-24
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CARD ID NUMBER: 2

CARD CONTENTS: Weapon Location & Coordinate Systems Reference
Point

[WORD VARIABLE UNITS DEFINITION FORMAT COLUMN

1 |GUN(1) meters K-coordinate of the| EB8.0 1-8
eapon location in
he General Coordi-
ate Syatem

F 2 GUN(2) meters -coordinate of the| EB.0 9-16
t eapon location in
] he General Coordi-
ate System

GUN(3) meters R-coordinate of theL E8.0 17-24
eapon location in
he General Coordi-
ate System

[¥3

4 XFP meters ~coordinate of th4 E8.0 25-32
eference point in

he Flight Path

oordinate System

) YFP meters -coordinate of thé E8.0 33=40
eference point in
he Flight Path

oordinate System

6 XG meters -coordinate of the ES8.0 41-48
eference point in
he General Coordi-
ate System

eference point in
he General Coordi-
ate System

-coordinate of the}] ES8.0 57-64
-eferance point in
- he General Coordi-
ate System

7 YG meters |y-coordinate of th% E8.0 49-56
8 |2G meters F

nce poink has a z-coordinatF equal t9 0.0 in
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CARD ID NUMBER: 2

(conclude

d)

CARD CONTENTS:

Point

Weapon Location & Coordinate Systems Reference

S WORD

VARIABLE

UNITS

DEFINITION

FORMAT .

COLUMN

9

The refer

of the Fljght Path
by the user and i
from the Flight P;

Coordinat

degrees

nce poin

System.

viewed from above.

Rotation angle
about the Flight
Path Coordinate Sys
tem Z-axis, from

Coordinate System
to the General Coo
dinate System. PS
18 positive in the
counterclockwise
direction when

t may be any point

needed for transf
th Coordinate Syst

I

the Flight Path :L
T

Coordinate System.| It is s

E8.0

in the XY{

ing coo]
to the |

65-72

plane
lected

Seneral

Fdinates

i

“Eiom,
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CARD ID NMBER: 3 i

Flux Emission & Atmospheric attenuation Array
Sizes

CARD CONTENTS:

‘ WORD VARIABLE UNITS DEFINITION FORMAT . COLUMN

umber of elements 18 1-8

in the laser flux
ission array,

read from Card 4;

1§pFLUX§;0

1l NFLUX ————

= 2 | NATN - Pumber of elements | I8 9-16
: in the atmospheric

' attenuation factor

array, read from :

Card 8; 1<NATN<10

R R

et bl

et e 0 b
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L —————— -
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CARD ID NUMBER: ¢4
CARD CONTENTS: Laser Flux Emigsion Rates
WORD VARIABLE UNITS DEFINITION FORMAT COLUMN
1 FLUX (1) watts/ |Rate of laser flux E8.0 1-8
cmz emigsion from time
0.0 to time
FLTIME(1)
2 FLUX(2) watts/ |Rate of laser flux ES8.0 9-16
cmz emission at time
FLTIME(2)
3 FLUX(3) watts/ |Rate of laser flux ES8.0 17-24
cmz emission at time
FLTIME(3)
FLUX(NFLUX) {watts/ |Rate of laser flux E8.0
cmz emission at time
) FPLTIME (NFLUX} and
at all times greatdr
than that
|
NOZE: Laser fluk emissiqn rate is linearly interpolaged at
times betyween two |FLTIME array entrids.
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CARD

ID NUMBER:

5

CARD

CONTENTS:

Time Arguments for Laser Flux Emission Rates

WORD

VARIABLE

UNITS

DEFINITION

FORMAT .

COLUMN

FLTIME (1)

FLTIME(2)

FLTIME {NFLUX)

seconds

seconds

seconds

Time corresponding
to laser flux emis-
sion rate FLUX(1)
MOTE: If NFLUX=1,
FLTIME(l) must be
greater than all
times in the air-
craft flight path
file

Time corresponding
to laser flux emis-
sion rate FLUX(2)

Time corresponding
to laser flux emis-
sion rate

FLUX (NFLUX)

E8.0

E8.0

E8.0

1-8

9-16

TN TSN, T L s

- it sy T o g R, WS X
pageeaLr IR, W T

i
4

3
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JTCG/AS-81-S-004
CARD ID NUMBRER: 6
CARD CONTENTS: Jitter Standard Deviations
WORD VARIABLE UNITS DEFINITION FORMAT . COLUMN
1 YJITTR mils Standard deviation E8.0 1-8
due to jitter of
the beain in the di-
rection c¢f the Y-
xis of the Encoun-
er Coordinate Sys-
em
2 ZJITTR mils tandard deviation E8.0 9-16

ue to jitter of
he beam in the di-
ection of the 2Z-
xis of the Encoun-
ter Coordinate Sys-
tem

. e
N

3

B i e e

S

e ¢ i
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‘CARD ID NUMBER: 7
CARDI CONTENTS: Tracking Rate Limits & Prefire Track Time

ORD VARIABLE UNITéV] DEFINITION FORMAT . COLUMN

1 SLEWAZ degrees/Maximum azimuth E8.0 1-8
second !slewing rate for
the laser weapon

2 SLEWEL dagreas/Maximum elevation ES8.0 9-16
[ second |slewing rate for
the laser weapon

3 TRKTIM gseconds |Prefire track time, E3.0 17-24
minimum tracking
time necessary be-
fore the laser can
fire

T TR e e g apeas = = e e
.
L e . v

- —,
Cih e i o Sl ik it

;
|
|
|
E

PR
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CARD ID NUMBER: 8

CARD CONTENTS:

Beam Atmospheric Attenuation Factors

WORD

VARIABLE

UNITS

DEFINITION

FORMAT

COLUMN

1

ATTEN(1)

ATTEN(2)

ATTEN (NATN)

Beam attenuation
factor due to pro-
pagation through
the atmosphere at
range RATTEN(1l) and
at all ranges less
than RATTEN(1)

Beam attenuation
factor due to pro-
pagation through
the atmosphere at
range RATTEN (2)

L]

Beam attenuation
factor due t:0 pro-
pagation through
the atmosphere at
range RATTEN (NATN)
and at all ranges
greater than
RATTEN (NATN)

E8.0

E8.0

Ea'o

1-8

9-16

3-11
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CARD ID NUMBER:

CARD CONTENTS:

Beam Atmospheric Attenuation Factor Range
Arguments

(WORD

VARIABLE

UNITS

DEFINITION

FORMAT

COLUMN

1

RATTEN (1)

RATTEN (2)

RATTEN (NATN)

neters

meters

meters

to attenuation fac
tor ATTEN(l) NOTE:
If NATN=1, RATTEN(
must be greater
than all possible
weapon-to-aircraft
ranges for the run

Range correspondin
to attenuation fac
tor ATTEN(2)

tor ATTEN(NATN)

Range correspondini E8.0

)

q E8.0

-

Range correspondin E8.0
to attenuation fac

1-8

9-16

ettt

i

B A A i o s
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CARD ID NUMBER: 10

CARD CONTENTS:

Smoke Corridor End Points

[WORD

VARIABLE

UNITS

DEFINITION

FORMAT

COLUMN

1

SMOKX (1) meters

SMOKY (1) meters

SMOKX (2)

SMOKY (2)

SMATN

corridor 1

mneters

meters

s modele

end point

torridor's second

-~coordinate in the
enerusl Coordinate
ystem of the smoke
orridor's firat enh
oint

-coordinate in the
eneral Coordinate

ystem of the smoke
orridor's first

-coordinate in the
eneral Coordinate
ystem of the smoke
oxridor's second
nd point

-coordinate in the
nneral Coordinate
ystem of the smoke

nd point
eam intensity at-
enuation due to

ropagation through
he smoke corridor

E8.0

EB.O

EB.O

E8.0

Ee.o

NOTF: If snoxx(x“)=suoxx< ) and smoxv(1)=smoh(2) thes no

1-8

9-16

17-24

25-32

33-40

3-13

B S
- -
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CARD

ID NUMBER:

1l

CARD

CONTENTS:

Number of Components and Aim Points

ORD

VARIABLE

DEFINITION

FORMAT

COLUMN

1

pCOMP

NAIMPT

FTRACE

r l, omit extra

er of compo-
ents in the target
el; 1<NCOMP<100

umber of aim
ints on the tar-
et; 1<NATMPT<10

ault tree trace
ption:

output for
fauvlt trees;
= 1, print extra
data used in
interpreting
the fault
tree structurF
cards.

I8

I8

I8

1-8

9-16

17-24

3-14
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CARD ID NUMBER: 12

; CARD CONTENTS: Energy Arguments for the Component Pk's

WORD VARIAELE UNITS DEFINITION FORMAT COLUMN

‘ 1l ENERGY (1) kilo~- Amount of accumu- ES.0 l1-8
r joules/|lated energy necesi

.

cmz sary to cause kill
] probabilities,
PK(l1,1I), for Ith
component
: 2 ENERGY (2) kilo- Amount of accumu- E8.0 9-16
j joules/!lated energy necest
cmz sary tc cause kill
- probabilities,
PK(2,I), for Ith
component
3 ENERGY (3) kilo~ Amount of accumu- E8.0 17-24
joules/|lated energy necest
cm sary to cause kill
probabilities,
PK(3,I), for Ith
component
10 ENERGY (10) kilo- Amount of accumu- E8.0 73-80
joules,/| lated energy necest
cm sary to cause kill L
probabilities,
PK(10,I), for Ith
component

3-15

Lt i o
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CARD ID NUMBER: 13

CARD CONTENTS: Component Name and Location

WORD VARIABLE UNITS DEFINITION FORMAT COLUMN

1 [NAM(T) -— Eight character A8 1-8
alphanumeric name
for the Ith compo-
nent. The left-
most character mus
be other than a
blank. Do not use
period (.), equal
. sign (=), or slash
i (/) in the field.

2 COMP(1,1) eters x-coordinate of th E8.0 9-16
Ith component in
the Aircraft Coor-
dinate System

3 COMP(2,1) eters y-coordinate of th E8.0 17--24
Ith component in

the Aircraft Coor-

dinate System

4 |jcomp(3,1) meters |z-coordinate of the E8.0 25-32
Ith component in
the Aircraft Coor-
dinate System

3-16
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lCARD ID NUMBER: 14

ICARD CONTENTS: Component Presented Areas & Widths at Aspects
' 1-26

1
'WORD VARIABLE UNITS DEFINITION FORMAT COLUMN
Lo

AP(I,1l) meter;2 Presented area of E8.0 1-8
' the Ith component
when viewed from
aspect 1

2 WIDTH(I,1) meters MWidth of the Ith E8.0 9-16
component when

viewed from aspect
1

3 |AP(I,2) meters? [Presented area of E8.0 17-24
‘ the Ith component
l wnen viewed from
aspect 2

4 FIDTH(I,Z) meters WWidth of the Ith E8.0 25-32
component when

viewed from aspect
2

51 AP(I,26) _meters2 Presented area of E8.0
the Ith component
when viewed from
aspect 26

52 MIDTH(I,ZG) meters [Width of the Ith E8.0

component when
viewed from aspect
26

NOTB: 1) See Tabjle 2-1 fgr a definition of the 26 aspect angleL.
~2) Six carfls in thys format are requi¥ed to entjer 26
presentpd areas|and widths for eaclh componen

follows

t
[+
0

3-17

cas -GN )
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CARD ID NUMBER:

14 (concluded)

CARD CONTENTS:

Component Presented Areas & Widths at Aspects

1-26

WORD VARIABLE UNITS DEFINITION FORMAT COLUMN
NOTF (Concluded){ the 1 card contains da for aspects 1-5,
the 2 card contains da for aspects 6-10
the 3 card contains da for aspects 11-1
‘the 4 card contains da for aspects 16-2
the 5 card contains da for aspects 21-2

the 6 card contains da for aspect 26.
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lcARD ID NUMBER: 15

CARD CONTENTS: Compcnent PK's

WORD VARIABLE UNITS CEFINITION FORMAT COLUMN

1

10

PK(1,I)

PK(2,I)

PK(3,I)

PK(10,I)

- -

k for the Ith com-
nent resulting
from accumulated
nergy, ENERGY(1l),
nd all lesser
mounts of enerqgy
ccumulation NOTE:

nd ENERGY(l) shoul

k for the Ith com-
nent resulting
from accumulated
nergy, ENERGY(2)

ok for the Ith com-
onent resulting
rom accumulated
nergy, ENERGY(3)

k for the Ith com-
onent resulting
from accumulated
nergy, ENERGY(10),
nd all greater
mounts of energy
Fccumulation

A

E8.0

'n most cases PK(1l,[)

E8.G

£8.0

E8.0

1-8

9-16

17-24

73-80
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CARD ID NUMBER:

16

CARD CONTENTS:

Aim Points

WORD

VARIABLE

I UNITS

DEFINITION

FORMAT

COLUMN

1

AIM(1,1)

AL, L L)

AIM(3,I)

SIGMA(I,1)

SIGMA(I,2)

AZLIM(I,1)

meters

meters

meters

inils

mils

degrees

 in the Aircraft

x-coordinate of
the Ith aim point

Coordinate System

y-coordinate of
the Ith aim point
in the Aircraft
Coordiante System

z-coor&inate of
the Ith aim point
in the Aircraft
Ccordinate System

Standard deviation
of the ervor in

locating and trackf

ing the I*+h aim

point in the direc-

tion of the Y-axiq
of the Encounter
Coordinate System

Standard deviation
of the error in

locating and track-

ing the Ith aim

point in the direct

tion of the Z-axis
of the Encounter
Coordinate System

E8.0

E8.0

ES8.0

E8.0

E8.0

First azimuth look~ EB.0

angle boundary of
the envelope for
hitting the Ith
aim point

1-8

17-24

25-32

33-40

41-48

-
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CARD ID NUMBER: 16 (Concluded)

CARD CONTENTS: Aim Points

e

e i

WORD

VARIABLE

UNITS

DEFINITION

FORMAT

COLUMN

7

NOT@:

AZLIM(I,2)

ELLIM(I,1)

ELLIM(I,2)

This card

:degrees

degrees

degrees

Second azimuth

look-angle boundary

of the envelope
for hitting the
Ith aim point

First elevation

look-angle boundary

of the envelope
for hitting the
Ith aim point

Second elevation

look-angle boundary

of the envelope
for hitting the
Ith aim point

E8.0

E8.0

E8.Q

is repeqted for every aim ppint

49-56

57-64

65-72

F-xmm e gy o

3-21
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CARD ID NUMBER:

17

CARD CONTENTS:

Aircraft Fault Tree Structure

WORD

VARIABLE

UNITS

DEFINITION

FORMAT

COLUMN

1
2

80

ICARD(1)
ICARD(2)

ICARD(80)

Eighty alphanumerid
characters used to
define a fault treq
structure for a
group or subgroup
in the aircraft.
See Figure 3-2 and
Table 3-1 for a de-
scrigtion of the
Engligsh-like text
used on these card%.

Al

Al

Al

80

RS UV Y S




ITCG/AS-81-8-004

The order of the cards in the fault tree description section
of the input deck is depicted in Figure 3~2, The fault tree de-
scription for each kill category reguires one Kill Category Card,
followed by one Group Definition Card, followed by any necessary
Subgroup Definition Cards, and finally the End Cards. If a user
wants to define a second or third fault tree for a different kill
category, the same sequence of cards is repeated. The total num-
ber of kill categories must not exceed three. Finally, one Blank

- Card is necessary to indicate the end of all fault tree descrip-~
tions. Figure 3-3 is an example listing of a fault tree input de- ]
scription for two kill categories. The fault trees produced from
this input are shown in Section 1IV.

The rules and examples in Table 3~1 are a summary of the most
important rules for assembling the fault tree descriptions. Most
of the examples are taken directly from the sample input listed in
Figure 3-3. The left-most characters in these examfples are always
in column 1 of the input records. Subroutine MVI&PT 1s not cur-

! rently elaborate enough o detect every possible input error. The
best method for a user to validate the Aircraft Fault Tree Struc-

ture input cards should include both a search for error messages

printed by Subroutine MVINPT, and compariang the fault trees

I printed by executing Subroutine EKOMUL with the fault trees the

user intended to create.

e gt ¢

One important difference between this method of defining
favlt trees and the method used in the COVART program is that the
ASALT-I program requires every component in a fault tree to be
1 listed in the fault tree description. If a component is omitted
1 from a fault tree description, then it is not included in the
fault tree.

——

L cannill
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Table 3-1. Rules for Assembling the Fault Tree Input

The first card for each kill category fault tree must define
a kill category between 1 and 3 in column 15 of the card.

Correct Example

KILL Caleisuwy g (W T TRITIGN)
Incorrect Example
nJLl CATEGUNYY (AT TRIVIGE DY

Incorrect Example

RILL CATEGRLKY 4 (ATTR]) TN

The second card for each kill category must be a Group Defini-
tion Card. This card contains the letter "G" in column 1 or
the characters "*G" in columns 1 and 2. No other card in the
kill category fault tree description may be a Group LCefini-
tion Card.

Correct Example

RILL CATEGURY (AFTRTITTOND
2GATYRNSFLT CNTL MR QAF T LisLw
ASELY CNTLSELEC LTRJAEND MECH CIR/e/2

Incorrect Example

KILL CATERORY | (ATTRITIUR)Y
ASFLT CNTLSELEC UTR anli el CTkz2/2
*GATTRNSFLE C! T oIRGAFT Livlyiv

The fault tree aescription for each kill category must con-
clude with a pair of End Cards. The characters "END" in col-
umns 1-3 cause any card to be interpreted as one of the End
Cards. The set of End Cards may include an optional card
between the two End Cards. This optional card has no effect
in the ASALT-I program, but is included to keep the input de-
scriptions compatible with those used for the COVART program.

o D

-,

I O S

1
!
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Table 3-1. Rules for Assembling the Fault Tree Input (Continueaq)

! Correct Example

RSGEARATRSEL LEAR Ju 2 N GEGn/2/2

* tip
END CF ATIRLTLON fwanp
KILL CATEGURY 2 (EISSTUN Arinl)

Correct Example

! ASLELRATRSEL LEMN Al gn GEnNR/2/2
enD

UPTICAAL

ENG CF aYERITIDN GROUP

nILL CATtuUkY o (MISOLUN An(nrd)

- —

Incorrect Example

#SGENRAIRS=L GEAR JANI W GElIW/2/P
END CF ATIRITIDN tLROUP
KILL CATEGUWRY ) (188108 anp k) J

4. A blank space in column 1 of any card in the fault tree de-
scriptions causes the entire card to be interpreted as the
Blank Card which indicates the end of all fault tree input. o
The set of End Cards for the last kill category fault tree ¥

description must be followed by the Blank Card.

Corect Example

«SLAT LR’S = LAT LK A AND, LAY {n b /242

E Nt :
END CF MISSIOF AnOKT (RULE o
ALY CARD wITW A SLAMR fo fuluden 1 CONCLUGES apL FALLT IntE Lirud ;

Incorrect Example

ASLAT LX®S = LAT Ln A AN LAT Ln | /c/2
ERD (ALL UYMER CARUS MUST STARTD M COLUMM 1)

ENL (F MISSIUR ARDRT GROUP
ALY CARDL WITH & BULARR 1 COLUMN { CONCLUOES apl FALLY IxFEE Lrid

e Bl x

3-27
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Table 3-1. Rules for Assembling the Fault Tree Input {Continued)

Feali ——— - - . -
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JTCG/AS-81-5-004

5.

Column 1 of each Group or Subgroup Definition Card must con-
tain an asterisk (*), letter G, letter 8§, or letter C. If an
asterisk is used in column 1, then either letter G, letter S,
or letter C must appear in column 2. There is no difference
in “he ASALT-. program when using the letters C or S. Both
letters are allowed so that the input is compatible with
COVART input.

Correct Example

ROATTRNSFLY AT LUW AFTY Loz

wSFL Y CNTLEFLEE CIR A U rECH LTIR/Z27¢

SELEC CINSELEC | 18 qURHAT GF MR

*SeLEC LNRKSFLYC Leatl o0 LEC Pettvhighr FL SoAND F L 0/ 474
CELFC 1SFCES | tr STar~

sCtLEC 25FChLs 2, K, 87ins 2

Incorrect Example

RAGAVTIRMSFLT UNTL JUR 4T LNGN

aFl 7 CouTLsSELEE TR ALD MECH CIR//2

ELEC CINSELED LNMR UKGHAT GERR

@BELEC LNKSELED 1 4ANND LI EC F OND PLEC 3,80D,bLEPR 47474
CELEC 13FCES 1,0Kr,8Tabs |

+CLLEC 23FCES > UK, STARS P i

Each Group or Subgroup Lefinition Card must contain in order:

a. the charcters *G, *S, *C, G, S, or C starting in column
1,

b. a defined name which may be:

ek wualen

1) a group name used only on a Group Definition Card

iil) or a name used in the structure definition of a
preceding card ;

C. an equal sign (=)

4. the structure definition for the defined name which may
be:

i) a name field
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Table 3-1. Rules for Assembling the Fault Tree Input (Continued)

il) a set of name fields separated by connectors (.AND.
or .OR.)

Correct Example

AGATIRAIFLT LATI 0K AT LDGI
®SFLY CHTLIELEC CIRANGLMECH CTk/P9/22
*SELEC CIRSELEC L NK

Incorrect Example

*GAVTnv FLT FLYL JORGAHT 1 LGH
ASELEL CTrstLEr LoAw
*SELT CniLatLee CIR MECKh Cingdre

7. The kill probabilities for a subgroup are printed in the
damage summary at the end of an ASALT run only if:

a. the subgroup name is the defined name on a Subgroup
Definition Card with an asterisk (*) in column 1,

b. and the subgroup name begins on column 3 of that
Subgroup Definition Card.

Example

RGATTRNSFLY CNTLGURGARY LN

*#SFL.1T CRTILSELEC CTRALUD,MECH CIkz2/2

*S ELEC CTYR=ELFC LYNLURKRAT GENR

SELEC LIKSELEC 1 ANDGFLEC 2 AN0FLEC S, 80D bLEC a/$24d

In this example, kill probabilities would be printed in the
damage summary for Subgroup FLT CNTL but not for Subgroups
ELEC CTR or ELEC LNK.

8. No name field including any embedded blanks may exceed eight
characters in length. Note that embedded blanks are part of
the name field.

Correct Example

*SBAT GRWNSHATTERYS ARG LENRATKS/ /2
aSBATTERYS2L LATTRY AND K vaTTHY/ P/

e I
B A gLl e AT AT

e e e

s e




W T

JTCG/AS-81-5-004

Table 3-). PRules for Assembling the Fault Tree Input (Continued)

10.

11.

Incorrect Example

ASHAT LENREMHATTRERYS Al GENERAT(ORS /A2
tSHATTEWRYSZILEPRT HATTRY AN GRIGHT HAaTlrY/so/P

An equal sigr. (=), period (.), or slash (/) are not allowed
in any name field. Users of the COVART Program must* also
exclude the symbols plus (+) and minus (~) from name fields.

Correct Example

*QELEC 33FCES 3 UR STARS 3

Incorrect Example

*SHLECSSSFCFR S, 3, 0N STAKNZS

The structure definition for a singly vulnerable group must
use the connector .OR. indicating that any one subgroup
failure is sufficient to cause failure of the whole group.

Correct Example

*SELEC 1SFCHFY 1 DR ,STABS 1
ASELEC 23IFCES 2, VR STARS 2

Incorrect Example

*SELEC 1sSFCES 1,a1D,5TA8S8 1
ASELEC 2BFCFS 2 Utk STAYS ¢/1/2

The structure definition for a redundant group must use the
connector .AND. and conclude with a redundancy specification
in the form /M/N indicating M subgroup failures are required
to cause failure of the entire group comprised of N sub-
groups. The value of M must be less than or equal to the
number (N) of subgroup names on the right side of the equal
sign on the card.

Correct Example

RSRAT GENREHATTFRYS AN GEURATR S /¢
ASHATTIERYSESL HATTRY AND, R BATIRY/P/7?
*SGEARATRESSL HENKJAND R GENK/2/2

Incorrect Example

ASHATY GEMKRIHATTERYL,UR ,GEURATRS/2/2
aSUAYTERYSSL MATTHRY.AWD,R BAVTRY
#SGEARATRSEL GENRLAIU R GENR/ZS 2

DR S

s .
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Table 3-1. Rules for Assembling the Fault Tree Input (Continued)

12, No more than eight subgroups can comprise one redundant group
(defined on one card using .AND. connectors).

Correct Example

ASRGROUPZCT G AND (P o) qCRLARD oL o bl 1 g U S gARI gL Avebi g LT g’ L gLhIN/ Y

Incorrect Example
ASKGROUPSC] o AND (LR o AHD (CB o ALD (LU AI 1LY AN (R ANE L CT o0 sl CHennl [LO/5/49

13. Do not mix .AND. and .OR. connectors on the same card.

Correct Example
NSELEC 8§ = STAPY 1,AND,STARS 2000 1D TanS §earrahlana 4 /874
#SMECK CTR = LOM LK*S OW, CABLED Uk, LAT Lk'g

Incorrect Example
*SELEC 3§ STARS 1 AND,STANY 2,UR,81AKS 3,ANR STaMS 4 /874
*SMECKH CTR LON LR*°S AND, CakltES 0, LAT La’S

14. If no connectors are used on a card, then no blanks are
allowed between the equal sign and the name field that
follows it.

Correct Example
CC4sLAY LK A
Incorrect Example

CCa= LAT LK &

15. If a card contains a connector, then either use a blank be-
tween the equal sign and the first name field in the struc-
ture definition, or place the left period of the first con-
nector (.AND. or .OR.) with less than 10 columns between it

and the equal sign.

Correct Example

sSMECKH CTN =LON LR'S UR, CABLES otU%e LAT LKR'Y
aSLOM LR’S = LON LR A ANDLON Ln F /d/e

Incorrect Example

*SHECH CTR =LUN LR'S UK, CAHLES .DRhe LAT { K'Y
a#SLON LA'S SLON LA A JAND LON LR F /272
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Table 3~1. Rules for Assembling the Fault Tree Inpu%t (Concluded)

16.
17.

18.

19.

No characters past column 80 of the input file are read.

Except on the Group Definition Card, do not use a name on the
left side of the egual sign unless it has appeared in the
structure def.nition (right side of the equal sign) on a pre-
ceding card for the current kill category fault tree
descripton.

Correct Example
RGATTRNSFLT CHYTL DhAF T LNGH
*SELY CLILBFLELD CTR ANDMECH CTRZEY/?
®#SELEC LT3t LEC Lowr KR AT BN
ASELEC LWAZLLECD V1 oAnuD FLEC Cohiit b LEL S,anD bLE( dr 474

Incorrect Example
*SELEC LWKIFELEC 1,040 ELEL 2,ARDELEFL $,ANG LLEE 47471
*SELEC CINBLLEC LAK UK MHATL LERK
*SELT UNTLSRLEEC CTIN AND eI CFE CTR/227
*GATTRNSFLT CNTLLURJAFT LNGI.

The entire fault tree description must no%t contain any unde-
fined names. A name is defined by either using it on the
left side of an equal sign on a Subgroup Definition Card, or
by being a component name on one of the Component Name and
Location Cards (Card 13) in the input deck.

Cnly components and subgroups listed in the fault tree de-
scription are included in the fault tree. There are no
default components or structures.

3-32
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FILE10 - BINARY INPUT FLIGHT PATH

The second input file for this program is a binary file read
from Logical Unit #10. It contains data describing the aircraft
at each time step of the flight path as well as an indicator ﬁ
showing which intervals of the flight path can be engaged by the
ground weapon. This file is produced by executing the Engagement
Model and consists of two types of records described in Figures
3-4 and 3-5. 7The top two rows of these figures represent a tape
divided into numbered records, with the length of each record
listed in the second row. The bottom part of the figures is used
to list the units and definitions for each FORTRAN variable whose
value is written on a tape record. The first record, described in
Figure 3-4, contains an alphanumeric title which is used to identi-
fy the flight path file. The second and all subsequent records
are in the forma*t described in Figure 3-5. This record contains
data describing the aircraft at six consecutive time increments of
the flight path with 16 parameters defined in the figure.
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A e N B PSR ST i e B > okt Een Rl Rl el Y ihaiant ate R SR o

JTOG/ASS1-5004
¢
veears Ly |2 3 LAST
| NOMEDF ) T ;
} NUMEBET i 20 % 9% _— !
E or wc»t:r.:s’_ . -.L-:-....;____ l %
r‘_a"’ hadbndi i o ettt .. i
! Record Nusber 1 Title Record
‘ i
' woRD fAFAMCTER | UNITS DLFINITION
i :
- 1 TITLE(Y) .-
\ 2 TITLE(2) .-

3 TITLE(3) - 80 character alphanumeric o
title describing the flight ]
path file contents 17 _

E } 1

‘, 20 TITLE(20) --- .

;.

¥

i

1

t l l 3

U FIGURE 3-4. FILEYO Flight Path File, Record 1 {Page 1 of 1)

- T
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Y']""(‘"" H r_
womgrr | 2 : LAST
r—— = mm e S em e e en - e - e
NUNBER _
or wonusi 20 9% % , % b
papear—c o e e e~ L ]
- Record Number 2 | I L
. VORD PARMMETER | UN1TS DEFINITICN §;
1 OTAPE(1,1)  |[seconds | Time at which the next 15 words of ;
data ave pertinent ;
!
2 OTAPE(2,1) meters | x-ccordinate of the aircraft in the 3

Flight Path Coordinate System at
time OTAPE(1,1)

{

\ 3 OTAPE(3,1) |meters |y-coordinate of the aircraft in the .
oo Flight Path Coordinate System at § 1
i time OTAPE(1,1)

4 OTAPE(4,1) meters | z-coordinate of the aircraft in the
Flight Path Coordinate System at
time OTAPE(1,1)

e -

5 OTAPE(5,1) m/sec x-component of the aircraft velocity
vector
€ OTAPE(6,1) m/sec y-component of the aircraft velocity ii
vector \
7 OTAPE(7,1) m/sec z-component of the aircraft velocity
vecty,: ,

x-component of the aircraft accel-
eration vector

8 OTAPE(B,1) m/sec

y~-component of the aircraft accel-
eration vector

9 OTAPE(9,1) m/sec

FIURE 2-5. FILE10 F1ight Path File, Record 2 (Page 1 of 4)
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reeerr by 2 3 LAST
~ NUNMBEP e - ——
NUMBEP 20 9% 9% 96 ;
OF WORDS :
— e e el - o
- ——rama {
‘ Record Number 2 .
- VIORD TARANMCTER | UNITS DEFINITION H

: 10 0TA?E(10.1)" m/secz z-component of the aircraft accel-
' | aration vector;

- OTAPE(11,1) m/sec | Aircraft speed; the magnitude of
: OTAPE(11,1) is the aircraft speed
iat time OTAPE(1,1): -

i ' =0.0, irdicates the end of the
flight path file; :
>0.0, indicates the aircraft is J
able to be engaged
<0.0, indicates the aircraft
cannot be engaged

NOTE: The Flight Path File used as
input for the Engagement
Model has all values of %
OTAPE(11,1) 2 0.0 |

i
12 | OTAPE(12,1) --- | Normal load factor on the aircraft

! 13 OTAPE(13,1) | radians|Aircraft azimuth angle; heading
by dngle ot the fiight path in the
b Flight Psth Coordinate System at j

‘ time OTAPE(1,1) g

14 OTAPE(14,1) radians | Aircraft dive angle; angle between
‘ the flight path and the horizontal )
: ' XY-plane of the Flight Path Cnor- ,
A dinate System; positive value indi- T
cates cecreasing altitude :

A R T T T Oy M

FIBURE 3-5. FILEYO Flight Path File, Record 2 (Page 2 of 4)
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*
reecer | 1 2 3 LAST

INULH] 3 S R D R -
NIMBER | | 96 |
or woaos! 20 l % % ; %
- ——— e em e o am % %

- e e e - P !
Record Number 2 g i
! WCGRD FARAMCTER | UNITS DLFINITION P
15 OTAPE(15,1) |radians | Aircraft roll angle; amount of air- g
craft rotation about the longitudinal " 3
axis of the fuselage ;
j
16 OTAPE(16,1) [radians | Aircraft angle of attack |

H :

*

SRV OTAPE(1,2) !seconds | Second flight path time; the values :

of OTAPE(2,2), OTAPE(3,2), . . .
OTAPE(16,2) describe the aircraft
at time OTAPE(1,2)

b, ] ik, st el e B il

g b ey

33 OTAPE(1,3) seconds | Third flight path time; the values
of OTAPE(2,3), OTAPE(3,3), . . .

OTAPE(16,3) describe the aircraft !
at time OTAPE(),3)

i A it 5

81 OTAPE(1,6) seconds | Sixth flight path time; the values

. of OTAPE(2,6), OTAPE(3,6), . . .
OTAPE(16,6) describe the aircraft
at time OTAPE(1,6)

JURIIFPTRRNPRRE. ORI PR (R

FIGURE 3-5. FILEY0 Fiight Path File Record 2 {Page 3 of 4)
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PICOR! P i '
r1:CoRD ! i LAST
. WOMBLF ] ! 2 i
s NUNBET ’
i or worps| @0 % % 96
; — T - e e - t S
B : -~ L —_— ===
y Record Number 2. ’
=1 j
VICRD PAPAMETER ' UNITS DEFINITION o
_i
f |
] ! :
E ; i
L 96 OTAPE(16,6) [radians |Aircraft angle of attack at time |
: | OTAPE(1,6) !
! NOTE: A1l remaining records on the ij
i ! : Flight Path File are in the ;
5 | same format as Record 2, i
each containing flight path ’
' data for the next six time ]
1 increments. The last record i
3 , has the value of OTAPE(11,I)
i | ‘ equal to 0.0 to indicate the
E i end of the flight path.
3 |
i

FIGURE 3-5. FILE10 Flight Path File, Record 2 (Page 4 of 4)
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SECTION 1V
CUTPUT

Two output files are produced by executing the ASALT-I Model.

The line printer output is written on Logical Unit #6 and contains

& aescription of the input parameters as well as the simulation
sesults in a readable form. The first subsection below describes
the line printer output, FILEG6, by showinyg examples and outlining
the options available for the various parts of this output. The
second output file, FILEll, is a binary sequential file written on
Logical Unit #11. 1It contains values for the amount of laser
energy th.t reaches the target during each time increment in the
simulation. The second subsection is used to define the parame-~
ters whose values are written on FILEll ana describe their order
so that an analyst could use a post processor to interpret and per-
form a more Gaetailed analysis with these data.

FILE6 - LINE PRINTER CUTPOT

The line printer output can be divideda into three parts: a
description of the input paramneters; a time history of the laser
and aircraft encounter; and a damage summary. The three following
subsections are used to describe these three parts and include an

example of each.

Cescription of the Input Farameters

The first section of line printer output is a description of
the input parameters. This information is always printed and gpro-
vices the user with a good description of the conditions being
evaluatea. This output is generated by executing WRITE statements
in Subroutines READY, ACIN, and EACMUL. An example of this sec-
tion of output is shown in Figure 4~l1. The title of the computer
model appears at the top of the first page. The first subsection
lists the Zlight path file name from the first record of the file,
and the data used to convert points from the Flight Path Coordi-
nate System to the General Coordinate System (coordinate systems
are defined in Section II). The next subsection contains values
defining the laser weapon system including: 1its location in the
General Coordinate System; the tracking error caused by jitter;
the emission rates as a function of time; the slewing rate limits;
and the minimum prefire tracking time. A description of the atmos-
pheric conditions is listed next. This includes the attenuation
factors as a function of range, as well as the smoke corridor loca-
tion and attenuation factor. If no smoke corridor is modeled by
the input values on Caru 10U, the two lines describing the smoke

4-1
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corridor are omitted. The aircraft components are described in
the next subsection. The component number, name, and location in
the Aircraft Coordinate System are licted in the left five col-
umns, and its probabilities of kill at ten levels of accumulatea
energy are listed in the right ten columns. The aim points ex-
pressea in the Aircraft Coordinate System are listed in the next
subsection. The errors associated with locating and tracking each
sim point are printed in mils in the columns labeled SICMA~Y and
SIGMA~YL. Additionally, the limits on the look-angle envelope for
tiring at each aim point are listed in Gegrees.

lhe next two Lages of Figure 4-]1 are example fault trea d§la-
grams which are printed by executing Subroutine EKOMUL and are
used to depict the interdependence of the aircraft components.
These fault trees were generated using the Zault tree input shown
in Figure 3-3, A user of the ASALT-1 program may define as many
as three tault tree structures for different kill categories.
tach fault tree in this section of output it labelea at the top
with an eight character group name followed by the word “GROUEB"
ana a number to identify its kill category. The number at the top
of the fault tree is the same kill category number which appears
in later sections of the program output. The first fault tree in
Figure 4-1 has the group name, ATTRN, and is kill category number
1. The second fault tree has the group name, M ABORT, and is kill
category number 2.

A set of component names in one vertical line on the fault
tree is a series (singly vulnerable subgroup) in which the failure
of any one component is sufficient to cause failure of the entire
subgroup. Redundant components which comprise a multiply vulner-
able subgroup are represented by parallel vertical lines on the
fault tree. The redundancy code is printed at the bottom of each
set of vertical lines. 1In the first example fault tree of Figure
4-1, the subgroup at the bottom of the fault tree contains six
components: AFT KL, AFT SR, AFT SL, AFT UR, Ar7T UL, and AFT KR.
Its redundancy specification is 3/6 which means failure of the
subgroup requires the failure of three or more components in that
subgroup. Users of the ASALT-I program may create very elaborate
fault trees using many levels ot subgroups as exemplified in
Figure 4-1. If the fault tree trace option is selected by the
user on Card 11 of the input deck, the printing of each fault tree
is preceded by several extra parameters used in interpreting the
fault tree structure cards.

The final page of Figure 4-1 is an example of the subsection
used to display the time steps for the run. These values are
specified by the user on Card 1 of the input deck and are used to
control the simulated time between computation iterations and
between lines in the time trace output. If no time trace output

sk i
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is reguested, the line labelec TIME BETWEEN FRINTOUT LINES is
omitted.

lime History of the Laser and Ai.craft Encounter

Figure 4-2 is an example of this section of line printer out-
put. These data -re printed by executing Subroutines HEALER and
CUTEULT, and are omitted if the value, 0, is specified on Card 1
for the parameter IFRINT. The top three lines in Figure 4-2 are a
heading printed at the top of each line printer page. The four ;
ief* columns list the time and location of the aircraft at that j
instant in the simulation. The slant range in meters between the
laser weapon and the aircraf:t is listed in the fifth column. The
interval between consecutive lines in this section of output is
determined by the input parameter values on Card 1. The column

; labelea STATUS may contain five possible entries as shown in
- Figure 4~-2. The "NUT ENGAGE"™ status occurs for all aircraft

] locations which cannot be engaged by the laser weapon system. The
"NOT ENGAGE" status is determined by execution of the Engagement
Model and is detected through the parameter values on the Flight
Fath input file. The status "TRACKING" occurs when the .aircraft !
can be engaged but the minimum prefire tracking time is not yet i
fulfilled. If the slewing rate recuired for the laser system to :
track the aircraft exceeds the user specified maximum, then the C
: status column will contain the label "TRACK ERR". If none of
] these conditions occur, the laser system fires at the aircraft and
the status column contains the label "ENGAGE", unless the smoke
corridor is between the laser and aircraft. Wwhen this occurs the
status is labeled "SMCKE". Whenever the status is either "SMOKE"
or "“SLNGAGE", the probability of kill values for each kill category
of the total aircraft are printed in the right hand columns. One
Fk value is printed for each aim point, and each value represents
the total target Pk for the kill category, which results from one
laser system attempting to fire at one aim point since the
beginning of the simulation.

TR ST

. o s B R TR
a2 1l G, st M it i 1 st e 11 PR itk

w ek
s ae o e e

[EREETNF NI . . 3

2 g LR SR KRN e Sl vl

e i i L‘ [

Damage Summary

The damage summary is the last section of line printer output
' produced by executing the ASALT-I Model. It is printed by execu-
a ting Subroutine SUMMRY and displays the values for the total tar-
; . get probability of kill for each kill category as well as subgroup
E -and component Fk's for each aim point. An example of this section
; - of output is shown in Figure 4-3, where the matrix of numbers on
. b , the right side are the Pk values. Each column corresponds to a
‘é‘! different aim point. The total aircraft probabilities of kill for ¥
) each kill category .re listed in the top lines and are labeled - ‘
| with the kill cate ory number and name on the left side. The
sukgroup Fk's are listed next with each line identified by its

et
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-0f the aim points and components in the Aircraft Coordinate’

JTOG/AS-81-3-004

subgroup name. Only subgroups which were defined on a Subgrou
Cefinition Card with an asterisk in column 1 are included in this
saction of output (See Table 3-1, hule 7). The component ¥k's are
listed last and are identified by component number and nane. '

FILE 11 - INCREMENWTAL ENERGY FILE

The second output file produced by executing the ASALT-{
kodel is a binary seguential file written on Logical Unit ¢§l11.
The tirst record on this file containg vaiues for the time step,
number of aim points, number of components, as well as locations

e,

i B

Tl o e 1 « sk - 3
peieapel T T e s s

L e o R T, T T

s+
et i i, A i g Y,

System. The remainder of the file contains one record for ovcry
time step used by the model in simulating the ancounter batween
the laser weapon system &nd the aircraft. Each of these racords
containg values for the current simulation time and the anount ot
laser energy reaching each component Guring the time increment.
Figure 4-4 and 4-5 contain record descriptor forms which are used
to show the order of the values on each reccrd and their '
dJefinitions. All recourds following the second record are in the

same format as record 2.

R TSR A

Tt M SN RS S, PPN

4-11
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1+NAINPT* 1+MAINPT
NCOMP *NCOMP

R
L A A gt 4w ke s

”
’/
Lluui Rmber: 1
WORD | PARAMETER | UNITS DEFINITION
E_ 1 |TDERLYT #ooonda Time interval between cach iteration of
: ' the program computations; one record is
i A vritten on this file for each iteration
: 2 | NAIMPT ~== [INumber of aim points on the target
3 3 |a1M(1,1) Fntera |x-coordinate of the first aim point in
3 . the Aircraft Coordinate System
) 4 |AIM(2,1,) fneters |y-coordinate of the first aim point in
s the Aircraft Coordinate System
z ' S | AIM(3,1) bmtcrl z-coordinate of the first aim point in
3 the Aircraft Coordinate System
v
) 6 | AIM(1,2) peters |x-coordinate of the second aim point in
i the Aircraft Coordinate System
-8
} . . . .
g L ] L ] L ] » -
. 3*NAI{ AIM(1, Imetors |x-coordinate of the last aim point in the
: NAIMPT) Alrcraft Coordinate System
E: 5 1+ 3% AIM(Z, meters |y-~coordinate of the last aim point in the
| IM | NAIMPT) Aircraft Coordinate System
. 7 T
2+ 3% AIM(3, hmeterc g-coordinate of the laat aim point in the
AIM | NAXMPT) Aircraft Coordinate System
T
3+ 3*iNCOMP -== [|Number of components in the target modal
Pigure 4-4. PILEll - Incremental Energy File, Record 1.
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Record ;
r 1 2 e — — —— e Last i
Number 3+3*RAIMPT| 1+NAINPT* 1+NAIMPT 1

of Nords p | +I*NCOMP | NCOMP PNCOMP ! ;
-*— 1

” T — .

7’ < T —— —— I

oz T f

ecord mqunr: 1 (Concluded) ;

NORD | PARAMETER | UNITS DEFINITION | j

i IMP the Aircraft Coordinate System

+ 3'*60!9(1,1) jweters [x-coordinate of the first component in

5+ 3% coMP(2,1) eters |y-coordinate of the first component in E

I . the Aircraft Coordinate System
+ 3% CoMp (3,1) eters |z-coordinate of the first component in §§
AIMPE the Aircraft Coordinate System :
|
1+ 3% COMP(1, meters | x~coordinate of the last component in the
, NAIMP| NCOMP) Aircraft Coordinate System
. [T+3*
NCOMP|
% 2+ 3% comMp(2, metexs | y-coordinate of the last component in the
b NAIMP| NCOMP) | Aircraft Coordinate System
3 T+3%* -
NC
B 3+ '3% comp (3, meters | z-coordinate of the last component in the
. NAIMP NCOMP) Aircraft Coordinate System
RV XA :
NCOME

Pigure 4-4. PILEll - Incremental Energy File, Record 1.
4-13
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Record
Number 1 2 - o e Las:
_ Nymber 34+3*NAINPT 1+NAIMPT®* 1+NAIMPT*NCOMP
of Mords (43 | NCOMP _ - T
- - - o T - T
- - = - -
- T~ ~
b o
ecord Number: 2
WORD PARAMETER UNTTS DEFINITION
1 [TIME second rent time in the simulation model; the
time of the time slice for the
following energy values.
2 |ENGYAD(1,1) |kilo- unt of laser energy reaching component
watts/ |1 from & laser aimed at aim point 1
cnz uring the time step.
3 |ENGYAD(1l,2) |kilo- unt of laser energy reaching component
watts/ |1 from a laser aimed at aim point 2
cmz [Quring the time step.
NAIM JENGYAD(1, kilo- unt of laser energy reaching component
PT+1 {NAIMPT) watts/ |l from a laser aimed at aim point NAIMPT
mz Wduring the time step.
NAIM |{ENGYAD(2,1) | kilo- |Amount of laser energy reaching component
PT4+2 watts/ {2 from a laser aimed at aim point 1
cmz lduring the time step.
(1+ |ENGYAD(NCOMPLkilo- |Amount of laser energy reaching component
NAINM |[NAIMPT) watts/ [NCOMP from a laser aimed at aim point
PT* cmz NAIMPT during the time stap.
Ncouﬁ

Figure 4-5. PILE]ll - Incremental Energy File, Record 2.
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APPENDIX A
SOURCE LISTING

This appendix contains a source listing (pages A-2
through A-52) with comment cards for the ASALT-I Model. Pro-
gram ASALT is listed first, followed by all subroutines in
alphabetical order. Each subprogram listing begins on a

new page.

A-1

R
Al -
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s

T e o

Ll Lk s U

SR Y

« P

Coor

Coaen

Ceate

Coee

Cete

c

Caee
1

s

co AQBLEAPR Wl UP SUNVWIvAMILITY AGALAST jaNeN TRUHRATY oo
1RES Putigedn LCCEPTE UUTIPHT buLr fnt prcanbnint »OBRL AND
PRUVIUES 8 “EASUNE OF Aw ALnCWad 1%y SuhyivaniLiiY AGALNDT &

LASEN Tuugat

CLMMUN 2519PTR2 NAINKT, a1t 1S,10), SIKbATyn,¢), - -
] ARLIMCELO, Q)0 FLLIM LN, ) o
CURMON 2aIWCrTZ NCUMPE, CUN (S, 100), AP(100,20), R10INCIA0,20),
° ERNGYONLION, 1)

COMBUN 2pnG2 LU, NAMEANP), tu Ledhh), LORNRVIAVNT) ., JENUS(S),

[ NGR YUY

CnivaClenes waw
COMHON 20 4SERY  GUNIS), RIMTan(3), *tFLUN, SLYUR(IO0), FLYIME10), 1

. PLURER™, B Liafn
cumen 2speCaLL 7 fuLIST, NNLLTS
LUMMIN 2STATHSZ 1 STAY

STATHY e+l TIUON VanpLt

8 N, B UF FPLILNY PATwN

8 b, CANNNT LRRAGE

8 3, INSUEP [CIENT THALR 1]re
28 %, Stpn SAE LIMTY RECEELCHL
t
3

P
s b e bbbt ki s

4, Fletus THatLGr Sttiné

Y Flwt\G

CUMMUN 2taPb 07 NTAPE(YA,n], TLANI(IA), TTRe, TARGRTLY),
. TRLNT, tvnitl, Tgigt, Takpnt, TYQLOT, TZNLUTY,

i
. TSUREE, Viual, 1ag, VL)V, TwulbL, faa,
. . foef e fLuy TRalNY
CUMUY 2TIRACK/  TwKTIM, SLradZ, SLEvEL, Tedint, 1J1TTN, LJITTW H
CUMMUEM 2TRAIIFZ REP, VP, Ah, Y, 2, ®81, CV, 3P, GIDACLS, 3,
. ACTUGLIES, S),s ATCTLE(S, 0), EYNACLY, )
CUMMURL ZYXTEPNZ TRELE, LIPNTET, BT
LUGILAL Cannl?
]
3
]
1

IniTiaLI2F

FLUZEm
FLauh
1OLUSIH
NYNUTY
Mt s 2

(W s 4 o!

NEAD THE NATA DECK AND PEREURE PRELIMIAARY CLEFRLTATIUNS ANWD
PRINY NUN PANAME TENY

LN N
292 992

CaLlL wEaoy
RANGE = NYSI(TARGET, Guk)
6V Tu 90a

GET AGNCNALT POSTTIION DALA ik LUbdbNt TTwE

0 TAME & 1wk o TOELY,




!l . i o - S ) me e
r-—-—.‘ s —— e = T e e e e -

!
3
-f JTCG/AS-81-8-004
: CaLL ¥Olwty
Py . 1% LIMIAT Lku, B) GU TL Wuu
“ HANGE & DIASCTANGE T, Gun) i
. Ceee i
; C LUNUP 10 SAL UF TIME LOUP Tr Caba0t ENGaG {
4 Cane
2 1F Q1918% (Fu, 1) (L' Ty v i
1 Ceee
c THACR PURULER, LIF THACE 1ME anlo SLEw wity 10878 ANE SATIRPLED TwEM
< WRBin Alwm PLLINT AGD CuMPhutL T LLLRS,
Ceen
CALL vPSyrnneTal, Yakikl, =it Wt)
LALL Yweogut .
s (1svatr L e, §) AU Ty wae
COLL MATRIR(GLIUAC, ACIUL, VA2, VYulwt, tTupygt)
: Cace
i < AEAN PRUPATATLIUN Buputt -
i Ceee . i ]
THETA 38 Y4120 GuNTANLY), LILTaNge) ) !
FLURLM 3 cumMPUTL BLUB, BLTLNE, (Y)rLeinSinlelnuni]in), NFLUR ) :
CALL PRUPAY (NALLE, THELA) ¢
: Cone S
z C NaMALE FOPULE, EVALUATE POk FAL® Lusdonksy &1 LACW ATM PLINT :
H Ceee
U AL A B Y, MAJeRT
CALL LURAAG (A]MAL, Al~tL, LUt TAn, Ajh i, ir}) i
I ( NOT, CAnMIt(alrayg, altbt, LATY) ) v YU ARO
CALL An1antt3L6Y, 30, Altnik, Ajeal, atstl, 18]¥)
DU Tun Icame 8 1, LLUMP
tuEPTIr 3 pUbLT o PrBVLICYYF, BARY , WiILY, Qld, S1NNLY) .
CALL arant (ICUMB, [alr, tadidt, PLISDAN) i ]
700 Cuntiang !
Leee H
€ CUNPUTE aWLNAb T B USITL Tee PaLLl TwbE AESLRIPYJUNY
Coee

CaLL BALTWE (Talw)
g Cuutlsug
Cece .
c END B T ek LUOP, UPDATE STATINIILY & pPriat [NTERI® RESULTS
Cane
QUG CALL LFLATEL TRSING, 1IN )
CALL OUTenT(NAL=PT, NLLUKP, WAYLL)
LU KT K1Y

[ XY T
C ENL 1P BLIRHT PATH, PRINT st aky atih §Tnp
Ceuee
YO0 LALL SuMpRY(naIMBT, "fNhatd)
Ihup
[ XY}

vdaowige e T

o st
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syneyuy TIng SCLw
Coer
¢ tnle S ueantint 13 UL 1 we sU Tt ALNCRal T COVPOIRNY
c SPECIH [CATIING AR A1F PUILIS, 8L CUOKOTNATES Ant TR
[ AIWCHAR T cUUNR{iaTE SVSTEm,
Casoe N
Cummuh 20 IRP TS AALmel, ALVLE, 00D, IYTLIYELIY 2 1
. SELINIIw Py BALLIR(1O,2)
CUNRUN 2aTHCH 1/ ACURP, LONELS 100D, AWL100, 2000 #LUINILING 206D,
L] Lyt tuU YY)
Cunatin J0AaMAGE/ LrRuLYLiu)e ¥ LIV, L0V), FEGVADLIVE,.10)
Cummthile 2I8EZ LV, ~am{ 29T}, MUl legut), LURRP LYY, JENDBLS),
L] NGHOLY
CHARAC 1EMeR WAk
Cusiygls 2TSTEPSZ TuLL S, s 1, aml
usta Btom, RADWIL 7O U] 288 4e02Y, Y IR 12 X))
Coes
C HLOD THE NUNNEW UF CLPuIkL Ty, 81N vulhtly, AND EaiN6Y ARGUNENTS
c Fun Tng Pr tanLe
Ceoee
HEAD (S,a10) nCLRP, ualePt, Jivate
NeaL (Seoaee} thvbEerild, Jrl\V)
AIETE (8, 510) TENERLY (). JB1,10)
U ta L B 1aNCUPE
Ceee
c CURPUNENY LUCRD(UnY
Ceoe
wEAD (Seall) naatl), WuRPidel)s J8l,38)
[ 1 1
(4 PESEMIEN AdRAS AnD elIug LIF R tLunTEx pLANE) al &n ASPLCIN
Ceoe
Wt du (S.a00) (A¥L1eJ0), cqutrilsd)e JBLods)
Coee
t Pn yEXSUS LLEWRY tantt
Ceetn
weald (Soanu) (Pa(lel)e Jatelu)
Ceee
C INITIALLZE THE RAakYuw ANRAY AnL HRIaT CUMPUNENT LULATLUND AND Ph
Cuse

m a8 J sy,
RANGYUNCEI,J) & W6
a CUNTINUG
adltl (a,110) U, ~avtld, Lt pidolde I8, ) (¢nidel)odull0)

10 Cuntinpuk

LY 8 NCUMFP

Ceee

B 3 wEAD Alm PUINTS, ALr POLKT SLGHAY, ANL Afw PUINT LNVELUPLS

(4 CIN 10 N) (1 VEGutLY)

Ceee
aRtTE (6, T00)
wu 70 1 8 V,n1NP1 .
WEAD (S,aqu) AlnL1. L), ALME2. L)y Aln(S,ly, 8R6maLINl),
* 3lenitl,2), APLEe (1,0 ), AlLIn(2,2), Y LI I gLLimti, 2)
nRITE (n,t10) Lo (alr (el Ju1e3), slGvatlelde S1GHAa( L ),
L ALIMUI ) LML, 2)0 IR LIATRR N NN LIYY S

MR LE S B

A-4

[
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