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FOREWORD
The work reported herein was performed by Raytheon Company, Sudbury, MA, under
Air Force Contract F33615-73-C-0678 under the direction of the ASD (Aeronautical
Systems Division), Wright-Patterson Air Force Base, OH. R. Smith, et al. conducted the
study and J. H. Howard was the Air Force Project Engineer.
The work was sponsored by the JTCG/AS, as part of the 3-year TEAS (Test and
Evaluation, Aircraft Survivability) program. The TEAS program was funded by DDR&E/ v
ODDT&E. The effort was conducted under the direction of the JTCG/AS Survivability
Assessment subgroup of TEAS element 5.1.7.1, Unified Survivability Assessment p
Methodologies.
This technical report has been reviewed and approved.
4
?
?

NOTE

This technical report was prepared by the Vulnerability Assessment Subgroup of the Joint
Technical Coordinating Group on Aircraft Survivability in the Joint Logistics Commanders’ b
omganization. Because the Services aircraft survivability development programs are dynamic and
changing, this report represents the best data available to the subgroup at this time. It has been
coordinated and approved at the JTCG subgroup level. The purpose of the report is to exchange
data on all aircraft survivability programs, thereby promoting interservice awareness of the DOD
aircraft survivability program under the cognizance of the Joint Logistics Commanders. By
carcful analysis of the data in this report, personnel with expertise in the aircraft survivability
nn“ should be better able to determine technical voids and arcas of potential duplication or 3
proliferation.
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| Survivability assessment modeling . ‘/
Mission cost-effectiveness methodology 2 #
Survivability assessment studiesA.p

(lr-l—-t’h;'survivability assessment modeling area, several aircraft
attrition models were evaluated to determine their applicability to )
the TEAS effort, and modeling deficiences were identified. In
addition, attrition modeling requirements were outlined (again ‘
with TEAS objectives in mind) to establish a more effective
baseline model, and modeling validation techniques were studied
to establish model credibility.

A mission cost-effectiveness methodology is described to assist )
the Survivability Assessment Subgroup in the evaluation of the
baseline aircraft. Following the definition of a generalized mission
effectiveness/survivability model, a cost model based on the
WESIAC method was outlined and a sample problem was described
to demonstrate a typical application to the TEAS program.

Finally, survivability assessment studies were performed to b}
provide examples of how current survivability methodologies could
be applied to the study of aircraft attrition. ‘r
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NOMENCLATURE
availability
events
events

uniform cell area
antiaircraft artillery

cell area

presented area

2
TR~ = relationship of Av elements
vulnerable area

Av of dual redundant components
Av of single components

TA
e

cost

cost effectiveness = f Sgékl

design capability

capability of jth out of m possible design




E(abort/kill)

E(abort/no kill)

1’ Ez’

.

E =

FOM =
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event where aircraft aborted its mission because
of damage so severe that it was not able to re-
turn to its base and land safely; hence, aircraft
is a loss in inventory

event where aircraft aborted its mission because
of damage sustained but was able to return {o its
base and land safely; hence, aircraft is not a
loss in inventory

engagement at mission target

event from time aircraft arrives within range of
enemy AAA at mission target until it completes its
bombing run or drive and releases its bombs

Event from time aircraft has released its bombs
until it leaves range of enemy AAA at mission
target

series of engagements

figure-of-merit

degradation factor for enemy radar in detecting
and acquiring attacking aircraft when CM is used

aircraft design capability degradation factor
caused by enemy AAA flire

aircraft reliability degradacion factor caused by
enemy AAA fire

leverage effect

mission effectiveness

conventional, i.e., a series

number of scenarios in a given mission when no
AAA is encountered

number of scenarios in a given mission when iden-
tical or similar enemy AAA is engaged in an iden-
tical or similar fashion
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"

1 if aircraft at ith engagement is within 5 minutes
i of flying time from its base, given it sustained
A-kill damage this engagement

(1t <5)

= 0 otherwise, 1i.e., T < 5 minutes

= 1 if aircraft at ith engagement is within 30 minutes
of flying time from its base, given it sustained
B-kill damage at this engagement

P
(T £ 30),

= 0 otherwise, i.e., T < 30 minutes

P, = probability that designated aircraft is operative
and available for flight at any instant of time

PvaITa = Racq/Ta Dacq/Ta = probability of acquisition track

by enemy where Ra is reliability of acquisition

gy 15
track and D is acquisition track design capa-
acq/'ra

bility of enemy during time T,

P = probability that the aircraft will be repaired in

T, D time for its new mission flight take-off time after
being damaged during its flight but had not been
repaired and is now demanded for another mission
effect

P v probability designated aircraft is available for
O’ 1 flight at this time

35
3 PA s probability designated aircraft¢ is available for
T 1’ 1 flight at start time

' Pdetlta = Rdet/Ta DdetlTa = probability of detection by enemy,

! Ef where Rdetlra is reliability of detection and

Ddetlt is detection design capability of enemy for
a

range, spead, altitude and type of attacking air-

craft during time . 1

PD = probability of detection

R SRS PR

SO

bl L SRR o5 e
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probability that emergency ejection system operates
satisfactorily so crew member survives

probability of aircraft effectiveness, no enemy AAA
fire

effective probability of enemy AAA during a single
engagement

probability of aircraft effectiveness with enemy AAA
fire

aircraft effectiveness probability during a single
scenario when enemy AAA is encountered with CM
aboard

aircraft effectiveness probability during a single
scenario when no enemy AAA is encountered with CM
aboard

aircraft effectiveness probability during a single
scenario when no enemy AAA is encountered and no CM
aboard

probability of enemy AAA successful firing, single
shot

probability of hit

PH on dual redundant components

probability of hit if detected

PH on single components

probability of k:ull

probability of aircraft falling out of manned con-
trol within 5 minutes (A-kill) after being hit
(ith) engagement)

probability of aircraft falling out of manned con-
trol within 30 minutes (B-kill) after peing hit "
(1th) engagement) ®
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probability of aircraft remaining within manned
control after being hit and returning to base, but
damage makes it uneconomical to repair (E~kill),
thus it is lost to inventory (ith engagement)

probability of kill given a hit

P on Ai = along a shot line

K/H 5

probability of a hit of a given component

probability of aircraft falling out of manned con-
trol within 30 seconds (K-kill) after being hit
(ith engagement)

probability of aircraft disintegrating immediately
(Kg-kill) upon being hit

probability of kill of one r-type component

probability of kill by single shot

probability of kill by single shot redundant
systems

probability that Lf (forced landing) will be
successful without injury to crew and without signi-
ficant additional damage to aircraft for damage
levels j = A, B, E, and MA

probability that aircraft will be mission available
after x hours of time and repair

probability aircraft is repaired and becomes
mission available in x hours upon landing safely
after A~ or B-kill but not E-kill

probability of mission success = f(A,R,D) for E; to

Eyr = a function of the product of probability from

the time the aircraft is selected for the mission up
to and including Eﬁm

probability of survival
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Pg of aircraft during its bombing run over its
mission

probability of survival, given aircraft was operative
initially, for ith gcenario of a given mission which
requires satisfactory performance of m design features
without AAA fire

Pg of aircraft with no abort for ith engagement

Pg of aircraft without enemy AAA fire, for flying

time from (i-1)th engagement (which could be from
takeoff if no engagement has taken place yet) to ith

engagement

probability that aircraft will survive the mission

reliability
2
\/Zairi

distance of ith element from aircraft tracking
centroid

test and evaluation, aircraft survivability

system effectiveness

1/2 major diameter of an ellipse
1/2 minor diameter of an ellipse
striking velocity

weapon system test and evaluation
number of enemy AAA shots during attack time T

mission alert time

mission start time
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INTRODUCTION

IFor the JTCG/AS TEAS (test and evaluation, aircraft survivability) program, Raytheon
performed studies primarily in three areas:

a. Survivability assessment modeling

b. Mission C-E (cost-effectiveness) methodology

¢. Survivability assessment.

SURVIVABILITY ASSESSMENT MODELING

An attempt was made to better understand EVADE II,! SIMFIND 2, and P0O1°?
aircraft attrition models and to investigate modeling problems in general. First, a standard
for information flow in general E-model (engagement model) was established. Then
EVADE I, SIMFIND 2, and P00l were examined and compared* to select the most
suitable for TEAS applications. A study was made also to define model validation
techniques using test data (e.g., HITVAL) and a conceptual man-in-the-loop simulator. To
complement these efforts, studies were performed on particular modeling deficiencies.
These deficiencies included determining:

1. PK (probability of kill) of distributed components for large A, (presented area) to
shot distribution variance ratios

2. Pg (probability of survival) of aircraft with redundant systems
3. Interrelationship of error sources in POO1.

In addition, SIMFIND 2 was modified to correct a problem with its projectile time-of-flight
algorithm.

MISSION C-E METHODOLOGY

The mission C-E methodology work is to aid evaluation of baseline aircraft and pro-
posed modifications. Following the definition of a generalized Mg (mission effectiveness)/
aircraft survivability model, a cost model based on the WESIAC method was outlined, and a
sample problem was described to demonstrate a typical application to the TEAS program.

lNanl Weapons Center. EVADE Il, A Simulation Program for: Evaluation of Air Defense Effectiveness, by
Armament Systems, Inc., China Lake, CA, NWC, February 1973. (NWC TN-4565-3-73, Volume II, publication
UNCLASSIFIED.)

2Naval Weapons Center. SIMFIND 2 - Digital Simulation for Aircraft Survivability, by Armament Systems Inc.,
China Lake, CA, NWC, March 1973. (Volume II, publication UNCLASSIFIED.)

3Air l'orce Armament Test Laboratory. Anti-Aircraft Artillery Simulation Computer Program. Eglin AFB, FL,
AFATL, November 1972, (Volume I, publication UNCLASSIFIED.)

4 aerospace Medical Research Laboratory. An Analytical Comparison of Three Aircraft Attrition Models, by
Dr. P. Cornwell and Dr. L. Yuan, Raytheon Company. Wright-Patterson AFB, OH, AMRL, July 1974. (ER74-4064-A,
publication UNCLASSIFIED.)




JTCG/AS-75-S-002

SURVIVABILITY ASSESSMENT

Two survivability assessment studies were conducted to provide examples of how
current survivability assessment methodologies could be used. First, all three attrition
models were used to evaluate potential vulnerability reduction of the F-4 fuel system,
shown by a measure of Pg. The second study defined a handbook to allow quick
computation of the expected Pg for a given scenario, having only a set of graphs, six
cardinal Ay (vulnerable areas), and a hand calculator.

SURVIVABILITY ASSESSMENT MODELING

GENERAL PURPOSE E-MODEL

A general purpose E-model was designed to simulate the complex interactions between
a combat aircraft flying a given flightpath against a ground-based AAA (antiaircraft artillery)
defense threat. It includes all classical elements of an AAA defense system, an aircraft
flightpath generator, and provisions for miss-distance calculation, PKSS (probability of kill
by single shot) determination, and Py classification (Figure 1).

However, to yield results for an aircraft with given vulnerability reduction features, the
specific aircraft configuration, flightpath and tactics, details of the AAA systems, and any
pertinent environment terrain factors must be tailored and supplied as input for the model.
Initially, the baseline model can be tailored using information and data readily available,
considering standardizing submodels wherever feasible. This model can then be updated to
incorporate improved methods of expressing aircraft vulnerability, defense system tracking
errors, etc., as they become available.

The E-model may be applied to a broad class of engagement situations and may
comprise n submodels. It can be used to evaluate survivability payoffs of proposed aircraft
vulnerability reduction features, and/or (with further methodology) to assess mission
effectiveness/aircraft survivability/cost impacts and tradeoffs.

An engagement represented by the model may be eitiser an independent sequence of
events to study effects of certain changes in detailed parsmeters of the participants, or it
may be one of a series of related engagements that make up a complete mission. Either way,
a mission scenario (not shown as a specific element on Figure 1) is required to define
coherently the conditions under which the engagement is to take place. These conditions are
expressed through four input elements. These iaputs must be based on such things as
mission objective, target location, type of aircraft and configuration, characteristics,
payload, fuel, defense and delivery tactics, type and location of defense system, and firing
doctrine.
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The elements shown in Figure 1 are described in Table 1, grouped into three
categories:

1. External inputs - Elements - 1, 2, 3, and 4

a. Selecting general purpose submodels
b. Selecting and defining form of special purpose submodels
¢. Input data for both

Submodels - Elements 5 through 15
Outputs - Elements 16, 17 and 18.

w o

The same general purpose submodel may be used as an element for many or all
anticipated engagements; required variations would be controlled by appropriate input
parameters and data. For example, the Ay model may be used for element 13 in all baseline
cases. However, a new set of Ay would be required as input data from element 1 to cover
each significant variation in aircraft configuration. Similarly, a single set of ballistic
trajectory equations may adequately satisfy element 11 for all ballistic weapons; only
proper coefficients for each weapon would be required as input data.

Special purpose submodels cover functions that require specialized formulations. For
example, inputs to element 2 must define the nature of target detection to be used in
element 6, and supply appropriate input to exercise it. For a radar-controlled defense
system, element 6 could involve a search radar and its generic detection equations, and
require the target radar cross section as an input. Element 2 would define specific
parameters of the search radar for the particular engagement to be run. On the other hand, a
small - caliber, manually controlled AAA system with an optical sight might require only the
insertion of a simple time-delay after terrain unmasking. A closed-loop automatic tracking
radar with target position and rate outputs for element 8 differs widely from a human
tracker using an optical sight for target azimuth and elevation and open loop estimates of
target range, speed, course angle, and dive angle. The interfacing fire control computers,
element 9, are also complctely different in each case, both in algorithm and implementation.
The radar-fed computer might be designed to aim the guns from target azimuth, elevation,
range and associated rate inputs, while a typical optical-mechanical sight would require the
set of mechanically inserted input parameters from the human tracker.

VALIDATING THE E-MODEL

Proposed methodology by Raytheon for assessing aircraft survivability uses a mission
model. The model includes a series of modular E-models whose inputs and outputs are
coupled in proper sequence by relatively simple, definitive, analytical relationships. These
relationships are visible, readily discernible, attributable, and understood. On the other
hand, the E-model is more complex, and its outputs generally are not expressible
analytically in terms of its inputs. The E-model must be exercised to determine
experimentally the outcome from a given set of input parameters. Therefore, this study
concentrated on the validation of the E-model.
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Idealize Conditions Initially

The E-model has many parameters that affect performance. To better control the
validation process and facilitate identification of problem areas, the number of variables
should be minimized. This can be accomplished by idealizing operating conditions. Addition
variables can be progressively added and checked after initial validation of the simplified
model.

Basic Approach

Confidence in assessing aircraft survivability reduction using computer simulation
depends on the degree of confidence in the validity of the computer program models that
are used. The validation process attempts to verify that a model does in fact yield results
that are similar to those obtained in the real world. Model outputs are compared with
real-world outputs for the same set of input conditions and constraints.

HITVAL

The HITVAL experiment incrementally measured data elements from aircraft position
up to the aiming angles of the gun barrel (equivalent to the output of the AAA Firing
Submodel of Figure 1), and computed ballistic trajectories from those measnred gun aim
angles for the projectiles assumed to be fired. It then compared these trajectories with the
measured aircraft positions to determine Py (probability of hit). Available HITVAL
descriptions indicate that some real-world internal elements were also instrumented so their
behavior could be measured. If such test data are available from HITVAL 23-mm test, it
should be obtained as a source of potential validation data for some the the TEAS model
elements.

Suggested Specific Experiments

ANALYTICALLY DEFINED ELEMENTS. The aircraft Flightpath Generator and Miss
Vector submodelg (Figure 1) are analytically defined elements whose performance can be
controlled and verified to the extent desired, either analytically or by computer. Therefore,
they receive no further attention here.

.

AAA SYSTEM SUBMODELS. Several submodels, such as the AAA Fire Control
Computer and AAA Firing Submodel, represent pure hardware components of the enemy
AAA system involved in the engagement. Their characteristics depend on the particular
AAA system that is called for in the engagement scenario (e.g., 12.7-, 14.5-, or 23-mm).
Even though they are of the same general weapon type, characteristics, specific parameters
and tolerances that distinguish one from the other must be incorporated in the submodelg-to
provide an accurate representation of their behavior.
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Validation of such submodels may be performed in a laboratory on samples of actual
hardware components using precision mechanical measuring instruments. For instance, the
optical-mechanical computing sight (Figure 2) is generic to some of the small caliber AAA
weapons. It mechanically generates a pair of lead angles for the gun barrel with respect to
the target sight angles which are a function of four other operator input settings to the
computer: target range, speed, course angle and dive (or climb) angle. Capabilities of actual
hardware are defined by the theoretical prediction algorithm that the mechanism is designed
to implement and by the accuracy with which that algorithm is executed. These capabilities
may be determined by comparing a series of static measurements of lead angles with
calculated lead angles as a function of the six input parameters. Measurements on a number
of samples are required to establish confidence in the performance that may be considered
as typical of enemy devices. Because the optical-mechanical computing sight is of low
quality, it may be necessary to deliberately introduce errors into the simulated AAA Fire
Control Computer to make it imitate the true hardware and its parameters.

The AAA Firing Submodel simulates the behavior of the gun. It includes such
parameters as angular dispersions contributed by gun barrel and mount tilt, slewing and
pointing lags due to inertia, delays in firing after trigger is pressed, any applicable limits on
number of rounds that can be fired before ammunition supply must be replenished, and the
replenishment or reloading time. Such data may be available from intelligence sources, or
may be estimated from laboratory measurements on samples of the guns.

TARGET AZIMUTH AND
ELEVATION SIGHT ANGLES

) GUN BARREL
— | AZIMUTH AND
COMPUTER ‘ 'ELEVATION

. LEAD ANGLES

RANGE SPEED GIVE/
COURSE ¢ yus

ANGLE ,nGLE
S ——— ——

OPERATOR TARGET SETTINGS

Figure 2. Generic AAA Optical-Mechanical Computing Sight.
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AAA BALLISTIC TRAJECTORY SUBMODEL. If characteristics of enemy ammuni-
tion cannot be estimated from intelligence sources, samples should be subjected to firing
tests to establish the nominal muzzle velocity and its variance and all other applicable
aerodynamics and ballistic parameters. The parameters can be inserted into standard
equations for calculating projectile trajectories, such as BRL equations.

HUMAN FACTORS SUBMODELS. The AAA Detection and Acquisition and AAA
Tracking Subsystem Submodels must include performance capabilities and behavior of
human operators. These are some of the most difficult to model because operators vary
from individual to individual due to factors, such as time, learning, motivation, physical
condition, design of controls and displays, and environment. Many experiments with many
subjects must be run to establish statistically the form of such submodels and parameters.

Experiments with human operators should be designed to minimize interference from
factors that are not a controlled part of the experiment, and should be conducted with the
aid of experimental psychologists. Laboratory experiments rather than field are preferred
because they generally afford better control of conditions and measurement of results at less
expense. Synthetic AAA trainers, evaluators and scorers, and related technology may be
adapted for such experiments. Furthermore, such experiments can be readily extended to
include optical countermeasure effects.

AAA Detection and Acquistion Subsystem. The basic parameter of concern introduced
by this submodel is detection and acquisition time. This affects the time delay to be
deducted from available AAA firing time due to the inability of the gun crew to start
tracking and firing the instant the target comes within firing range. The significance of this
time delay depends on total exposure time of the target (the shorter the exposure time, the
more important the detection and acquisition time). Helicopter pop-up maneuvers, and low
altitude, high speed passes are examples of short exposure time cases.

Experiments are needed to determine the time required for an operator to bring a
target within the boundaries of an optical sight. The parameters that affect this performance
include: alerting (by aircraft sound or external source), terrain masking, visibility, aircraft
flightpath, size, color, speed, background, and the ease and skill with which the operator can
move the gun sight from its initial position to the target direction.

For example, a real or dummy AAA gun with the proper controls, inertia and feel can
be used. Motion pictures of aircraft executing the desired flyby or pop-up tactics against the
desired background can be projected on a screen in view of the operator. A hemispheral
screen is preferred to provide a full overhead and 360-degree azimuth field-of-view for
maximum realism, although lesser fields-of-view can yield usable results. The gun sight Lan
be instrumented so it is able to sense when the aircraft is within its view angle with some
degree of accuracy. This can be accomplished with a collimated optical pick-up sensitive to
the aircraft image, which may be modulated or include an invisible infrared spot to identify
it, as with standard AAA scoring trainers.

12
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Another approach is shown in Figure 3. The aircraft is projected on a hemispheral
cycloramic screen, against which the illumination, background, sky, terrain, etc., are
projected and controlled with fixed projectors. The aircraft is controlled dynamically in
position and size, which simulates maneuvers and varying range. The projector is
preprogrammed to make the aircraft move with the desired speed and tactics.

Existing gunnery training equipment and facilities should be considered for adaption
and use in these experiments.

AAA Tracking Subsystem. The AAA Tracking Subsystem is a composite of five
separate tracking functions, most of which are independent of each other. Thus, validation
of the tracking subsystem can be broken into validations of the following simpler target
tracking tasks:

Angle tracking (azimuth and elevation)
Range

Speed

Course angle

Dive (or climb) angle

i e B

CYCLORAMIC SCREEN

MOVING TARGET
IMAGE

' OPERATOR B
& GUN
SIGHT

B MOVING TARGET PROJECTORS

Figure 3. Cycloramic Screen System for AAA Human Factors Experiments.
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In small caliber AAA systems, only the angle tracking mechanism provides feedback
that enables the operator to determine how well he is tracking. All other tracking tasks are
open loop. However, some of the AAA systems rely on operator use of tracer bullets to
provide error feedback.

An experiment should be designed to measure angle tracking errors between a target
and the gun sight as pointed by the operator for a variety of flightpaths. The experiment
would be similar to that shown in Figure 3, with the gun inertia and dynamics faithfully
replicated.

Operator performance is measured by making motion pictures of the optical sight wirh
the target in its field-of-view for later reduction and evaluation, or by projecting a set of
invisible scoring rings about the aircraft and automatically sensing these with an imaging
sensor collimated with the optical sights, and recording (and if desired, processing) the
resulting errors in real time. A controllable intensity simulates desired visibility and contrast
conditions.

Range, speed, course angle, dive or climb angle are independent operator inputs to the
gun sight computer (Figure 2). However, the same method may be used for measuring
human performance in estimating these parameters. The operator is provided with cont#ls
similar to that available on the real gun sight computer. The controls are instrumented to
automatically record the settings. Motion pictures of targets executing various maneuvers of
interest are projected before the operator, who responds by setting the controls, according
to his estimates. The actual parameters of the target are measured and recorded while the
motion picture is being made, and are played back in real time during projecting. The
operator settings are compared with these recorded measurements to determine the
distribution, shape and biases of his errors.

If desired, such experiments can be conducted with live aircraft, with the aid of
suitable instrumentation to measure the true parameters. Aircraft range may be measured
with a tracking radar collocated with the human subject. Aircraft course angle, speed, and
dive or climb angles, which do not change rapidly, can be called in over the radio in real
time by the pilot from instruments aboard the aircraft.

Weapon System Test and Evaluation Instrumentation. The WESTE (Weapon System
Test and Evaluation) System at Eglin Air Force Base, Florida, includes sensor and computer

instrumentation for scoring simulated ground-to-air combat engagement between real
aircraft and AAA. The basic sensor is a compact, gimbaled reference radar-beacon
combination that measures target position and rates with respect to the weapon. In the case
of ground-based weapons, the reference radar is mounted on the barrel of an optically aimed
gun, or on the tracking antenna of a radar-directed gun, and operates with a beacon carried
by the target.

14
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The accuracy capabilities of the reference radar, as determined by field demonstration
tests, are:

Errors-Standard Deviation

Range Azimuth Elevation
(ft) (milliradians)  (milliradians)
249 2.7 2.1

This WESTE instrumentation could be used during field validation tests in which a
target passes relatively close to the weapon or measurement location, since the position
error in the plane perpendicular to the line of sight is on the order of 2 to 3 feet per
thousand feet of range.

SURVIVABILITY ASSESSMENT MODEL ANALYSIS

Approximation of PK for Distributed AVS

ASI® studied cases where the variance of the shot distribution was small compared to
the aircraft Ap. For that analysis, the Ay was represented by four I-meter cubes distributed
about the aircraft as shown in Figure 4.

Differences in excess of 100 percent were noted when the distributed Ay was used in
Model POO1 and resulting Py was compared with that from the standard lumped Ay model.
Even the component approach (discussed later) suffers in accuracy when considering
vulnerability index methodology, transformation of 6-sided Ay to 26 sides for POO1, and
increased computation time required.

The analysis herein describes an intermediate approach, which appears to produce
results with an acceptable degree of accuracy but at the cost of a small increase in computer
time. The analysis includes a comparison of the Raytheon approach with that of ASI and a
study by IDA.7 o

sRathon Company. An Accurate Approximation of the Probability of Kill for Distributed Vuinerable Areas by
R.B. Smith. Sudbury, MA, RC, March 1974. (RBS-74-08, publication UNCLASSIFIED.)

énmmnt Systems, Inc. Sensitivity of Aircraft Vulnerable Area Representution. Anaheim, CA, ASI, September
1973. (Unpublished, UNCLASSIFIED.)

7lasmute for Defense Analysis. An Analysis and Comparison of Three Aircraft Attrition Models Probebility of Hit
by Anti-Aircraft Guns, by Dr. J.A. Ross, Institute for Defense Analysis, Atlington, VA, IDA, September 1973. (Paper
P-967, publication UNCLASSIFIED.)
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Figure 4. Ay Representation/Distribution.

|

DEVELOPMENT. Start with the derived Pk used in POO1:

Av
‘\v
\/ Yo ° 513
& 2
1 a b
exp = + (1)
2l 2 N Ay
o+ E‘l—t. o+ H
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i
where,
: - : 2 2
aircraft dimensions << Ok + oy
i Then, using the Ag relationship of Ay elements, we determine Py on Ag as:
2s
i & 2m
PH A A
2 S 2 S
Ox o 2T ‘\/cy 5 27
2 2
exp |- 3 [-—2—+ szs (2)
S
o+ o0 * 7
where,
2
As = 7 R
: A
R = Eair g root weighted sum square
Cia
i
{
Av’l‘
r, = distance of ith element from aircraft tracking centroid
: Av = Av of ith components
{ C i
i = 7
| Ay = Ty
i O
|
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Defining Pg/H (probability of kill given a hit) as:

Av
Pr/m = &, (3
S
and restating Pk as: -
P = P/uFH “)
Then, substituting equations (2) and (3) in equation (4):
&
Pl( S 27
A A
2 S 2 S
Vel + 2 Al 0t
2 2
exp |- i a + b (5)
A A 7 A
o, + I Oy + I

Ag may be equal to Ap and may cause Py > 1 for very small a,% and a} in cases where
AV =A,..
P

n
Ay = Z APy/u (6)
1=1 i
where,

Ai = unit area

P = P

on A
" i

K/H K/H
If A; is small and equal to AA, then:
n

Ry . E Frm, M

i=1
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Taking the ratio:

n

Av Z P
- T K/H 1 (8a)
P i=1
n
1
“n Z PK/ H (85)
i=1
This is the expected value of Pg/y. However, this does not account for a spatial distribution
that is non-homogeneous. Expanding R = /Za 4F 12:
n AA PK /H

% i 2 9
R= 12 n Xy i
g Z Pr/m,

i=1

Px/u

n
- 2 z: _P__i_ "i (9b)
n
e L

Now taking the ratio:

(10a)

(10b)
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COMPARISON. The IDA analysis (see footnote 6) investigated the Py on the bottom
of an F-4 (equation 2) for different shot distribution variances and miss-distance vectors.
Some of the resulting graphs were in error and are not duplicated here. (IDA inadvertently
used the Carlton damage function as the bivariant distribution function.) Note: Using either
form of the Carlton damage function and the bivariant Gaussian function one can obtain
equation 1.

Py on the bottom of the F-4 (Figure 5) for dispersions of 2, 4, and 10 meters are
shown in Figures 6, 7, and 8, respectively. A symmetrical bivariant normal distribution is
projected onto the Ap of the bottom of the F-4 and the Py determined. The Py is
computed also by equations 1 and 5 for miss distances of O through 10 meters. For this
analysis, R was found to be 4.2 meters for homogeneous weighting.

ASI used the POO1 model to compare the distributed Ay concept against the
nondistributed Ay. For simplicity, this comparison is in the same format as used by IDA.
Figures 9 through 11 present the Py on the bottom of the aircraft for dispersions of 2, 4,
and 10 meters, respectively. Again, Py is computed by equations 1 and 5 for miss distances
of 0 through 10 meters. In this case, R was found to be 9.35 meters.

METERS

Figure 5. F-4 Bottom Profile.
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Figure 6. Py on F4, 0 = 2 Meters.
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Figure 8. Py on F4, ¢ = 10 Meters.
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Figure 9. Py on Components, 0 = 2 Meters.
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Figure 10. Py on Components, 0 = 4 Meters.
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Figure 11. Py on Components, 0 = 10 Meters.
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Aircraft Survivability with Redundant Systems

A heuristic approach to evalvzte PKSS of an aircraft with redundant systems shows
that:

P = P + P (11)
KSS AVS HS AvD HD
D
where,
PSS SR, O - o
H- 2m00 P a X 3 2
X'y o o
X y
Avs = Av of single components
P = P_ onsingle components
Hs H

&

Av of dual redundant components

o~
1

PH on dual redundant components

Aircraft dimensions << ’oi + o; (See footnote 6.)

This would demand changes to VAREA® program and other survivability simulations.

8Naval Weapons Center. VAREA Computer Program, by Armament Systems, Inc., China Lake, CA, NWC, February

1971. (61JTOG/ME-71-6-1, Volume 11, publication UNCLASSIFIED.)
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DEVELOPMENT. JTCG for Munitions Effectiveness® defined Py s &

PKss . ‘f:} P, (x,y)8(x,y)dxdy

where the Gaussian damage functions is:

1 x2 2
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