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PREFACE

This catalog of simulation models was prepared by
TRACOR's Hydrospace Programs Department, with the assistance
of the Systems and Research Departments. The collection in
its entirety represents years of work in model development, and
is the result of many thousands of hours of effort by TRACOR's
scientists, engineers, programmers, analysts, and technicians.

The collection of models presented here is by no means
static--new models are continually under development within the
TRACOR laboratories, and older models are improved or replaced
as new demands are imposed on them, or as new knowledge is ob-
tained about the processes they represent. As a result of this
continuing program of model development and improvement, many
of the models described in this catalog are the most advanced for
their purpose of any that are available, anywhere.

This document was prepared for TRACOR staff use, to
acquaint TRACOR personnel in the various laboratories with the
models that are available, and to aid in program planning. When
copies are distributed outside TRACOR, they are provided with the
understanding that the data contained herein are not to be dis-
seminated outside the recipient's organization.

It is expected that additional models will be added to
this catalog from time to time, and that modifications may be
made to existing models. Holders of this catalog who wish to
receive supplemental material as it is issued may be placed on
the mailing list by providing their name, address, and copy number
to A. N. Glennon, 6500 TRACOR Lane, Austin, Texas 78721l.
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\\>ﬂ INTRODUCTION
This document is a compendium of simulation models

q;9ﬂ”eT°553‘Tﬁ‘theﬁ§§é§§§22_ﬁggfSy3t3m§ Division of TRACOR, Iéiéi)
for use in a wide variety of research and development projec LG

Although the models were developed for implementation on fiiffﬁ:i)

UNIVAC 1108 digital computer, they can be adapted for use on
other digital computers. SRS S

C:;;he purpose of this compilation is to acquaint the
reader with the functional capability of each of the models,
and to explain how the models are employed in simulating a
physidal system.

The documentation here represents the first of three
planned levels of documentation. A brief functional description
is given for each model along with a discussion of the parametric
generality of the model, input and output variables, and output
format.

The second level will present the mathematical details
of each model so that a prospective user will understand the
model on a fundamental basis, and will be able to use the model
intelligently for his particular simulation task. This level
can be referred to as an "engineering' level of documentation.

The third level will consist of computer program listings
and operating instructions. This level will assist the programmer
or data analyst in obtaining the numerical results or possible
program modifications which the analyst desires.

The complexity of the models described here varies from
a fundamental level, such as a model which produces the beam
pattern generated by an array of point sources, to a complex
level, such as a tactical engagement model which uses several
of the basic models in generating its output.

0-1
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The utility of digital simulation is further emphasized
through examples of modeling complex systems by "wiring'" together
several of the basic models. These examples demonstrate the
"building block'" concept through which both individual component
performance and overall system performance can be evaluated.

The first few sections of the compilation present
relatively simple models which can be described in a few pages.
In these sections, an introduction discusses the general types
of models in the section, and their uses. Following the intro-
duction, the individual models are described separately. The
latter sections of the compilation present more complex models,
which are not amenable to quick, individual description. In
these sections, the introduction discusses the model in more
detail, and covers much the same material that is covered in
the individual descriptions of the simpler models. Following
this introduction, individual components of the model are des-
cribed very briefly.

0-2
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1. ENVIRONMENTAL MODELS

The environmental models relieve the sonar analyst of
the burden of manually calculating the effects caused by varia-
tions, both temporal and spatial, in the medium and its boundar-
ies. These models permit a broader scope of analysis than would
be possible by manual calculation, both by permitting the con-
sideration of a wide range of variations in a relatively short
time, and by allowing the analyst to study the effects over a
region, rather than at isolated points.

1-1
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1.1 Sea Noise as a Function of Sea State and Frequency (Knudsen)

1. Description: Sea noise is computed as a function of sea

state and frequency by a two-dimensional linear interpolation.
Values for "Knudsen'" type curves were extracted from the reference.
Five sea States (0.5+7.0) and nineteen frequencies (200.0+20000.0)

are used.

2. Input Parameters:

This is a subroutine with three calling parameters, appearing
in the following order:
Sea State
Frequency
Sea Noise

The first two are inputs. {

3. Output Parameters:

e B Py N B e e )

Sea Noise (from list above) is returned to the calling

program.

1

4. Comments: This subroutine SEAN requires the subroutine
XYINT,

-

5. Reference: Wenz, Gordon M., "Acoustic Ambient Noise in
the Ocean: Spectra and Sources,'" J. Acoust. Soc. Am., 34,
1936-1956, 1962.

",
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1.2 Ambient Ocean Noise (Directional)

1. Description: For any specified depth, frequency, sea state,
bottom loss, velocity profile, and oG(eS), where 0 = surface

noise density and G(Gs,és) = normalized intensity of the noise
radiated surface element in the direction (es,és); the directional
noigse field N(8) in the vertical plane is calculated in increments
of 1° from -89° (directly overhead) to +89° (toward the sea bottom).
The results of this noise field computation are then used to
calculate the total noise intensity by performing a numerical
integration over all solid angles at the receiver. If experimentally
measured data of N(8) is read into the program, along with pertinent
environmental and velocity profile data, the program will solve for
0G(8,) and give the results at increments of 1°. If the directional
noise over a frequency band is desired, rather than single frequency
data, the directional noise field is calculated for frequency in-
crements of specified length, and the resultant noise field is
obtained by integrating over the bandwidth.

4 2. Input Parameters:

: (a) Depth

Frequency

Sea State
Bottom loss
Velocity profile
& oG(es)

(b) Depth
Frequency
Sea State
Bottom loss
Velocity profile
N(8) (experimentally measured)

oD A N & G g by,
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3. Qutput Parameters:

For 6 in 1° increments from -89° to +89°: :

(a) N(8); by numerical integration of experimental values %
of N(8) over all solid angles. ;
®) 06(,)

4. Comments: The model has been used in a TRACOR study of

‘the AN/BQS-13(MOD) system (Document No. 67-677-C) and in a

technical note dealing with the AN/BQR-7 (DIMUS), Document
Number 68-364-C.
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f;' 1.3 Coherent Surface Scattering and Reflection |

i 1. Description: The pressure as a function of time is computed J
3 for an arbitrary sonar pulse after interaction with the moving

ocean surface. Care is taken to preserve the phase structure

so that correlation losses due to Doppleu.-shift and phase :
distortion may be predicted. The scattered sound field is

derived by an application of the Kirchhoff scattering integral

and the moving ocean surface is generated with the Neumann- |
Pierson spectral density function. Simulation of various types g
of signal processors is included in the program.

SRR R R a2
o e Joboalb L

5 2. Input Parameters: : J

Input pulse form and level ;
Source position T
Receiver position
Wind speed

Transmit beam pattern

r
st

3. Output Parameters: -

Pressure function

Energy in returned pulse

Peak crosscorrelator output
Average power in crosscorrelogram
Energy in crosscorrelogram

Peak detector output {

2 | I &
[ — (S (SRS —

T

4. Comments: Program is limited to 100 msec, 3.0 kHz pulses
due to storage limitations. The program calculates the two- L} 8
dimensional scattered sound field rather than the three~dimensional

fiE].d. J
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1.4 Bottom Reflection and Scattering Model

1. Descrigtion: Given a source and its directivity pattern,
an insonified portion of the bottom is. determined.
roughness is described by a Cos-Cos function, and a single

frequency pulse of finite duration is used as the incident sound.
The Rayleigh reflection coefficient provides for finite impedance
of the single deterministically rough boundary.
placed at the specular point, and an approximate expression of
Kirchhoff's equation is utilized to compute the pressure field

at that point as a function of time.

2. Input parameters:

Source strength

Wave length of incident sound
Depression (grazing) angle
Vertical and horizontal beam width
Velocity of incident sound

Water depth

Frequency

Pulse length

Sampling interval for pulse
Amplitude of bottom function

X~ and Y-direction bottom wave lengths

Dimensions of infinitesimal areas into which bottom is divided
Acoustical parameters of the water and bottom (i.e.,p2/p1 and

c1/c2)
3. Output Parameters:

Specular pressure as a function of time.

4. Comments: The program can handle only small beamwidths because
of a computer time limitation. Additional programs are available
to do limited processing of the output pressure function.

1-7
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1.5 Bottom Loss of a Plane Sinusoidal Wave
Reflecting From a Layered, Visco-elastic
Sediment Ocean Floor

1. Description: This program calculates the bottom loss of a

plane single frequency sonar wave when it reflects from the ocean
bottom. The sediment layers are modeled as up to 9 layers of visco-
elastic material lying over a visco-elastic half-space.

INCIDENT WAVE REFLECTED WAVE

T

\TRANSMITTED

TRANSMITTED
COMPRESS | ONAL WAVE SHEAR WAVE

2. Input Parameters:

Frequency

Water constants (sound velocity, density)
Sediment constants (compressional sound velocity, rigidity,

attenuation, thickness)

S b s s - L 2 5
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3. Qutput Parameters:

Bottom loss and complex feflection coefficient as a function
of grazing angle for angles 1°, 2°, 3°, ...90°.

4. Comments: This program can be used for bottom loss calculations
at ény'frequency up to 20 kHz. Good agreement between calculated
and observed values of bottom loss were obtained for the FASOR I

and FASOR II deep water stations.

5. References:  Bucker, H. P., J. A. Whitney, G. S. Yee, and
R. R. Gardner, "Reflection of Low Frequency Sonar Signals from
a Smooth Ocean Bottom," J. Acoust. Soc. Am., 37, 1037-1051, 1965.

1-9
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1.6 Bottom Loss, Processing Methods
For Explosive Source Data

1. Description: Bottom reflected explosive signals and various
systems for processing these signals are simulated. The basic
processing system consists of a bandpass filter followed by a
rectifier and a time averaging device. The peak outputs of the
bandpass filter and time averager are used to compute different
bottom loss values as a function of grazing angle. The computed
values of bottom loss cannot be interpreted in terms of absolute
levels; however, the relative values of bottom loss associated
with each processing method are considered to be representative
of results which would be obtained from analog processing of

actual sea data.

2. Input Parameters:

Bottom return structure
Bandwidth of filter

Center frequency of filter
Step response of averager
Grazing angle

3. Output Parameters:

Relative bottom loss values at each specified grazing angle

4. Comments: This program has been used to evaluate processing
methods used by the Marine Geophysical Survey (MGS).
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2. NORMAL MODE PROPAGATION AND
- REVERBERATION MODELS
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2. NORMAL MODE PROPAGATION AND REVERBERATION MODELS

The models presented in this section are, for the most
part, special purpose models for determining propagation loss as
a function of range for specified velocity profiles,using normal
mode theory. In one model, the reverberation level is computed

as a function of time assuming normal mode propagation in a
shallow water channel.
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2.1  Normal Mode Solution in a Medium
With Curvilinear Velocity Profile

1. Description: The solution of the wave equation is obtained

for a fluid medium with curvilinear velocity profile. The
reciprocal of the velocity squared is represented by an Nth

degree polynomial as a function of depth. This leads to depth-
dependent special functions numerically evaluated from recurrence
relations by digital subroutines. The general solution is expressed
as an integral in the wave number space. The integrand is analytic
in the cut complex wave number plane except at a countably infinite
number of poles which characterize the normal modes of propagation.
The residue theorem transforms the integral expression to an in-
finite series, the normal modes contribution, plus a branch line
integral which vanishes in the long range limit. In the short
range limit the branch line integral leads to a wave diminishing

in amplitude as the inverse square of the range and having a phase
velocity equal to the speed of sound in the ocean's bottom.

2. Input Parameters:

Polynomial of best fit to the velocity profile
Speed of sound at the surface and bottom
Density ratio

Source depth

Source frequency

Water depth

Ranges at which transmission losses are desired

3. Output Parameters:

The first program calculates the first n poles or character- -
istic numbers (real and complex). The second program calculates
the transmission logses corresponding to the n characteristic modes.

4. Comments: Checked out for shallow and intermediate water
depths.

2-3
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2.2 Reverberation in a Shallow Water Channel
Calculated Using Normal Mode Theory

1. Description: Reverberation levels are calculated as a function
of time in a shallow water channel. The sound propagates down

the channel according to normal mode theory. At the surface and
bottom of the channel, part of the sound is scattered back toward
the source as a function of the surface and bottom scattering
coefficients. This back-scattered energy propagates according to
normal mode theory and arrives back at the source as reverberation.

—=C(Z) — ———— —

SOURCE :// 7 \ _

oD
A 4

N

(LAYERED VISCO-ELASTIC SEDIMENT BOTTOM) !

2. Input Parameters:

Sonar

frequency
vertical beam pattern

Environment ]

surface and bottom scattering coefficients |
parameters required by the normal mode

propagation model i

et Sl

3. Output Parameters:

Sy

Reverberation level as a function of time

2-4
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4. Comments: . This program is written in Fortran 63 computer
language.

5. Reference: Bucker, H. P. and H. E. Morris, "Use of Bottom
Parameters in Calculation of Bottom Reflection Coefficients,
Shallow Water Propagation and Shallow Water Reverberation,"

Proc. 24th. Navy Symposium on Underwater Acoustics, Philadelphia,
November 1966.
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2.3 Bi-linear Normal Mode Propagation Loss

Zl 1. Description: Propagation losses of underwater sound are
calculated by normal mode for & bi-linear sound velocity gradient.
The source and/or receiver may be either in, or below, the surface
duct. The surface loss is assumed to be zero. It is also assumed i
that sound does not arrive via bottom bounce or via the convergence

zone. 1

2. Input Parameters:

| Signal frequency

:,' Source depth Sk

. ‘Receiver depth
Depth of surface duct | 3

3§ Speed of sound at surface

ﬂ Sound velocity gradients in and below the surface duct ]

Ranges at which the propagation loss is desired §

E T 3
m} 3. Output Parameters: !;
= £

‘ Propagation loss in dB as a function of range \i
4. Comments: Particularly applicable to propagation losses in ~J;

and below a surface duct. It is limited to deep water, and the 1

velocity gradient below the surface duct must be negative. ]'
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2.4 Shallow Water Normal Mode Propagation Model

(2_1Isovelocity Water Layers)

1. Description: Propagation loss is calculated as a function
of range using normal mode theory. The velocity-depth profile
is approximated by two isovelocity water layers and the bottom
sediments are represented by up to 9 visco-elastic layers.
Corrections are made for volume attenuation of the sound waves
and for surface losses.

=t e
* @ O TARGETS
SOURCE o

(LAYERED VISCO-ELASTIC SEDIMENT)

2. Input Parameters:

Sonar
frequency
depth
vertical beam pattern

Target
depth (up to 6 different target depths can be specified)
range interval

Environment

sound velocity and thickness of the two water layers
sediment layer constants

sea state

2=7
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tad

3. Output Parameters:

Propagation loss for each target depth as a function of

e e

s R X
T e R

range.
4. Reference: Bucker, H. P. and H. E. Morris, "Normal Mode f

Intensity Calculations for a Constant Depth Shallow-Water Channel,'
J. Acoust. Soc. Am., 38, 1010-1017, 1965.

IRl




(e T T PO WL ]
IR ETMIIY 6500 TRACOR LANE, AUSTIN, TEXAS 78721

2.5 Shallow Water Normal Mode Propagation Model
(3 "Linear Gradient'" Water Layers)
1. Description: Propagation loss is calculated as a function of
range using normal mode theory. The velocity-depth profile is
approximated by three '"linear gradient' profiles of the form

c‘z(z) = A + BZ. The bottom sediments are represented by up to
9 visco-elastic layers. Corrections are made for volume attenua-
tion of the sound energy and for surface losses.

»C(Z)

I == —T T
I o
l *é O TARGETS
. SOURCE 5
I z 8 o o 2
i R S S LR L A e A DR S A g AR i
iy

(LAYERED VISCO-ELASTIC SEDIMENT)

¥

2. Input Parameters:

4

Sonar

frequency
depth
vertical beam pattern

=

Target
depth (up to 6 different targets can be specified)
range interval

Environment

sound velocity profiles for the three water layers
sediment layer constants
sea state

Nl OGN sy S =N
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3. Output Parameters:

Propagation loss for each target depth as a function of range.

4. Comments: The model can be used for any shallow water channel
at frequencies up to 5 kHz. Good agreement between calculated
and experimental values of propagation loss has been obtained

for all the shallow water FASOR I and FASOR II stations.

5. References: Buqker, H. P. and H. E. Morris, "New Models for
Shallow Water Normal Mode Propagation," U. S. Navy Journal of
Underwater Acoustics, July 1968. '

2-10

L3

A

pom——a By ~ 4 y
L—.—N‘ C——u | S——— 4
TR R T AP £ —

o
et




i rsan Y,
VP RTMIIIY 6500 TRACOR LANE, AUSTIN, TEXAS 78721

2 6 Shallow Water Normal Mode Propagation Model

(Epstein Velocity-Depth Profile)

1. Description: Propagation loss is calculated as a function
of range using normal mode theory. The velocity-depth profile

The bottom sediments are represented by up to 9 visco-elastic

layers. Corrections are made for volume attenuation of the sound
waves and for surface losses.

I »C(Z)

e il L. s T e —
o
* D O 'TARGETS
SOURCE o

~N

(LAYERED VISCO-ELASTIC SEDIMENT)

2. Input Parameters:

Sonar
frequency
depth
beam pattern

Target
depth (up to 6 different targets can be specified)
range interval

Environment
constants of the profile (A, B, D, H)
sediments layer constants
sea state

e e e e e it e 0 e A i NN T

is approximated by the curve C'2(Z) = A sech2(Z/H) + B tanh(Z/H) + D.
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3. Output Parameters: ; §
Propagation loss for each target depth as a function of I
range . ) il
4. Comments: This program is written in Fortran 63 computer 1
3
language. - ]
fi 5. Reference: Bucker, H. P. and H. E. Morris, "New Models for ‘ i
E Shallow Water Normal Mode Propagation with Examples for Fasor R
9 Stations," 25th Navy Symposium on Underwater Acoustics, Orlando, i
1 - 3 |
4 Fla., November 1967. {18
g d o
) !
U
g | - 3
{ wd ,.
| g
3 :
1 1
|
| il
-
ij
#l
| |
:
_—
j i
|
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2.7 Surface Duct Normal Mode Propagation Model

(Bi-linear Profile)

1. Description: Propagation loss is calculated as a function of

range using normal mode theory. The velocity-depth profile is

approximated by two '"linear gradient" profiles of form

C'Z(Z) = A + BZ. Corrections are made
and surface losses.

Vo

2. Input Parameters:

Sonar

frequency
depth
vertical beam pattern

Target

for volume attenuation

D, ’C(Z) et e it oy
*
SOURCE

depth (up to 6 different targets can be specified)

range interval

Environment

sound velocity profile constants

sea state

2-13
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3. Output Parameters:

Propagation loss for~each target as a function of range

4. Comments: This model can be used for any surface duct at
frequencies up to 5 kHz. Good agreement between calculated and
experimental results has been shown in NEL tests off the
California coast (J. Acoust. Soc. Am., 37, 105, 1965) and
calculations for a duct with a rough surface agree well with
tests made by the Key West Test and Evaluation Detachment.

5. Reference: Pedersen, M. A. and D. F. Gordon, "Normal Mode
Theory Applied to Short Range Propagation in an Underwater
Acoustic Duct," J. Acoust. Soc. Am., 37, 105-118, 1965. The
modification for a rough surface will be published in a future

(~Jan. 1969) issue of U. S. Navy Journal of Underwater Acoustics.

2-14
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2.8 Surface Duct Normal Mode Propagation Model

(Epstein Profile)

1. Description: Propagation loss is calculated as a function

of range using normal mode theory. The velocity-~depth profile

is approximated by the Epstein curve of form C-Z(Z) = A sechz(Z/H)
+ B tanh(Z/H) + D. Corrections are made for volume attenuation
and surface losses.

D~ » C(Z) —_—
*
‘ SOURCE

v
)4

2. Input Parameters:

Sonar

frequency

depth

vertical beam pattern
Target

depth (up to 6 different targets can be specified)
range interval

Environment

sound velocity profile constants
sea state

e aboaan o V)
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3. Output Parameters: ]

Propagation loss for each target as a function of range.

s
b

4. Comments: The model can be used for any surface duct at

frequencies up to 5 kHz. Good agreement between calculated i
and experimental values were found in NEL tests off the

| California coast.

—— g

5. References: Bucker, H. P. and H. E. Morris, "Epstein Normal-
i Mode Model of a Surface Duct," J. Acoust. Soc. Am., 41, 1475-1478, 1
|

P

1967.
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3. RAY THEORY AND AMOS REVERBERATION ' Q
RUMBLE AND PROPAGATION MODELS '?
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3. RAY THEORY AND AMOS REVERBERATION, RUMBLE AND
PROPAGATION MODELS

The models presented here use ray theory to compute
reverberation level and target echo level as a function of time
for various specified geometries. In some of the models, the
AMOS propagation loss equations are used.

e
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3.1 Solution of Eikonal Equation of Ray Acoustics

1. Description: The Eikonal equation,

$@ g =7, (1)

is solved, where s is the arc length along the ray path, T = ?(s)
is the position vector of the ray. In a cartesian coordinate
system (x,y,z), performing the indicated operations on equation
(1) yields three ordinary differential equations of second order.
The index of refraction n is a function of the temperature‘T3

the salinity S, and the pressure p of the medium, with

T = T(x,y,z) ,
S = S(x,y,z) ,
p = p(2) .

Wilson's formula is used to calculate n and a Runge-Kutta method
is used to solve the differential equations.

2. Input Parameters:

Arc length increment, maximum arc length, initial x,y, and 2z
position, and four initial differential values.

3. Output Parameters:

For each arc length s,

@ s-x, G s-v, sz

4. Comments: The program is called DRIKUT and uses sub-routines
RUNKUT, FUNC, SPEED, TEMP, SALIN, and PRESS.
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3.2 Surface Channel Reverberation/Echo Level

1. Description: Reverberation and target echo levels are computed
as a function of time after transmission for an active sonar
operating in an isothermal layer. Account is taken of surface
reverberation, volume reverberation (either in or out of the
surface channel), and first order bottom reverberation. Target
echo levels are based on a target in the layer. Spreading loss

is determined from ray theory using a velocity profile composed
of linear segments. Propagation in the channel is assumed to be
by numerous RSR (Refracted-Surface-Reflected) rays, each of which
may experience numerous surface reflections (and, consequently,
numerous surface losses). Output levels are for a point immediately
following the receiving beamformer. Beam patterns must be read
into the program from tapes. (See Sketches - Figs. 3-1, 3-2.)

2. Input Parameters:

Sonar

3-D beam patterns for transmit and receive (from tape)
source level
source depth
pulse length

Environmental

velocity profile

water depth

wind speed

wave height

volume scattering strength

bottom scattering strength (at normal incidence)
biological layer depth (below the layer)

3-4
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SOURCE

SURFACE CHANNEL

1; FIG. 3-1 COMPUTING SURFACE DUCT REVERBERATION

- ASSUMED TARGET LOCATION
ﬁ SOURCE 7
3 g SURFACE CHANNEL
|

' B FIG. 3-2 COMPUTING TARGET ECHO LEVEL
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3. Output Parameters:

For each time t:
reverberation level (surface, volume, or bottom)
echo level

4. Comments: This program is probably as valid as ray theory

for computing reverberation in the surface channel. It has been
used extensively for AN/SQS-26 performance studies. Propagation
loss is assumed not to vary with target depth within the surface

channel.
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3.3 Reverberation/Echo Level, Bottom Bounce

1. Description: Reverberation and target echo levels are
computed, as a function of time after transmission, or equiva-
lent target range, for a near surface sonar operating bottom
bounce in deep water. Account is taken of surface and volume
reverberation and several orders of bottom reverberation. Target
echo levels are based on a bottom reflected propagation path.
Spreading loss is determined from ray theory using a velocity
profile comprised of a series of linear segments. Three-
dimensional transmitting and receiving beam patterns are used.
Output levels are for a point immediately following the receiving
beamformer. (See Sketches - Figs. 3-3, 3-4.)

2. Input Parameters:

Sonar

3-D beam patterns for transmit and receive
source level
pulse length
array depth

Environment

velocity profile

water depth

wind speed

volume scattering strength

bottom scattering strength (at normal incidence)

bottom loss as a function of grazing angle at the
sonar center frequency

medium attenuation at the sonar center frequency

3-7
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FIG. 3-3 COMPUTING BOTTOM REVERBERATION
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Target

strength
depth

3. Output Parameters:

For each time tf

reverberation level
echo level

4. Comments: This program may be used efficiently for water
depths greater than 2000 yards. It has been used extensively

in AN/SQS-26 performance studies and compares well with empirical
data.

5. Reference: Fowler, S., "Bottom Bounce Reverberation Model
and Bottom Bounce Loss Analysis (U)," Technical Memorandum,
TRACOR Document Number 66-355-C, NObsr-93140, 16 November 1966
(CONFIDENTIAL).

3-9
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. _3.4 Reverberation/Echo Level/Signal-to-Noise Ratio

to-noise ratio (reverberation only) are computed as a function
of time after transmission for a near-surface active sonar.
Account is taken of surface reverberation and volume reverbera-
tion using three~dimensional beam patterns. Straight line
geometry is used. Range is computed as CT/2 with propagation
loss being computed by the AMOS empirical equations. Output

{ levels are for the receiving beamformer output. (See Sketches -

Figs. 3-5, 3-6.)

I 2. Input Parameters:

Sonar

El

FI 1. Description: Reverberation, target echo level, and signal-
i

I

E

B

E

i

i

o amnt i B

3-D beam patterns for transmit and receive (from tape)
source level

pulse length

source depth

receiver beam width

! sonar frequency

Environment

sur face sound velocity

surface channel lower boundary sound velocity
surface temperature

wind speed

sea state

biological scattering strength

biological layer dapth

isothermal layer depth

| Target
’ target depth.

3-10
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FIG. 3-5 COMPUTING SURFACE DUCT REVERBERATION

SOURCE SURFACE CHANNEL

TARGET

FIG. 3-6 COMPUTING TARGET ECHO LEVEL BELOW SURFACE DUCT
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3. Output Parameters:
For each time t .

reverberation level (sum)
echo level

4. Comments: This program has been used extensively for perform-
ance prediction studies of shallow depth sonar systems. Depth
is limited by the depth of validity of the AMOS propagation loss

equations (approximately 1000 ft).

3-12

pllaga it itk g s S - . — . -
e L el e L P

r
e b el i b




G R GF O Ol 00 0m ¢ o9 Sa Gy i) ey O ) 9 o &N

R e ol s b it o T e

[ e |
VR RYNIJIY 6300 TRACOR LANE, AUSTIN, TEXAS 78721

3.5 Rumble, Surface Duct

1. Description: The surface duct rumble level (bi-static surface
reverberation experienced by one ship due to transmission by
another) is computed as a function of time following transmission
on the source ship. Three-dimensional beam patterns are used for
the source and receiver. Input parameters are the same as those
for surface duct reverberation with additional inputs describing
ship separation and the relative orientation of transmitting and
receiving beam patterns. Propagation loss is read into the
program in tabular form and may thus be based on any of the
in-house programs (ray theory, normal mode, AMOS). Computed
levels are for a point immediately following the receiving beam-
former. (See Sketch - Fig. 3-7.)

2. Input Parameters:

Sonar

3-D beam patterns for source and receiver

orientation (bearing and depression) of transmit and
receive patterns '

source level

pulse length

ship separation

Environment

layer depth

sound velocity at top and bottom of layer

wind speed

propagation loss table:
Range (R) - propagation loss, H(R) for inputs
concerning velocity profile, frequency, source and
receiver depths.

3-13
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3. Output Parameters:

Rumble level for each time t

4. Comments: This program has been used extensively in mutual
interference studies for the AN/SQS-26. Surface scattering
strength is determined from the Chapman-Harris equation evaluated
at the surface angle corresponding to the duct limiting ray.

5. Reference: Gullatt, John, '"Performance Degradation of
AN/SQS-26 (CX) Sonars by Intership Acoustic Interference (U),"
TRACOR Document Number 68-310-C, 19 February 1968.
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3.6 Rumble, Deep Water Bottom

1. Description: The bottom rumble level (bi-static bottom
reverberation experienced by one ship due to transmission by

another) is computed as a function of time following transmission
on the source ship. Three-dimensional beam patterns for the
source and receiver are utilized. Input parameters are the same
as those required for bottom reverberation with additional inputs
describing ship separation and the relative orientation of trans-
mitting and receiving beam patterns, Scattering area geometry
and propagation loss equations assume an isovelocity medium. Com-
puted levels are for a point immediately following the receiving
beamformer. (See Sketch - Fig. 3-8.)

2. Input Parameters:

Sonar

3-D beam patterns for source and receiver

orientation (bearing and depression) of transmit and
receive patterns

source level

pulse length

ship separation

Environment

water depth
medium attenuation
bottom scattering strength

3. Output Parameters:

Rumble level for each time t

4, Comments: This program has been used extensively in mutual
interference studies for which first order bottom rumble was the
dominant contributor to the masking background. This will, in
general, be the case for deep water operation of surface duct or

3-16
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bottom bounce sonars. A modified version of this program, which
l will take into account the velocity profile, will be available

shortly.

5. Reference: Gullatt, John, "Performance Degradation of
AN/SQS-26CX Sonars by Intership Acoustic Interference (U),"
TRACOR Document Number 68-310-C, 19 February 1968.
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4. ECHO SIMULATION AND COMPUTATION
OF TARGET STRENGTH
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l 4. ECHO SIMULATION AND COMPUTATION OF TARGET STRENGTH

A model is presented which synthesizes a realistic

l ' replica of a submarine echo from which its target strength may
be computed. Perturbation of the geometrical scattering function
from echo to echo provides a means for determining a mean target
“strength which compares favorably with measured values.

i '
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4.1 Echo Simulation and Computation of Target Strength

1. Description: The model simulates submarine echoes using
rigid body reflection techniques. A '"scattering function" is
determined by approximating the hull and the sail of the sub-
marine with geometric forms (e.g. an ellipsoid of revolution

P e ey e O

for the hull) and computing incremental projected areas along
the submarine in the assumed direction of the incident sound

e

wave. The scattering function is then "jittered" and correlated
with the assumed incident pulse form to produce a realistic
appearing echo from which relative target strength can be com-

puted. Any aspect or depression angle may be chosen, and

i "shadowing' of the sail by the hull is accounted for when com-
- puting echoes for bottom bounce operation. Polar or distribu-
?, tive plots of target strength may be made using the computed
L target strengths.

- 2. Input Parameters :

o Submarine Scattering Function Program

o T D A T W P W T R T

L aspect

g depression

i hull length
§ v hull breadth
i sail length
: sail breadth

sail position with respect to hull
distance between projected area increments

Jitter Program

number of components
standard deviation

I scattering function
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Pulse Generation Program
length
total number of samples
starting phase
frequency |
Correlation Program
pulse ' i
scattering function i)
Target Strength Computation
simulated echo rms incident pulse power
3. Output Parameters: L
For each submarine, aspect, depression, and scattering
function "jitter", a simulated echo, realistic in appearance j
and target strength,computed from this echo. Also for several é
"jitters" of the same scattering function, a mean target strength :
together with the standard deviation of the target strengths, both E
in logarithmic form. i;
4. Comments: The model has been used to compute submarine ; }
target strengths for particular submarines. The computed target ;
strengths compared favorably with those experimentally determined s
except in one instance. The model requires improvement; particu-
larly, the "jitter" should be tied more explicitly to environmental { a
conditions. The model is not now in operational form with respect !
to the present computer system.
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5. TRANSDUCER ELEMENT AND ARRAY
INTERACTION MODELS
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5. TRANSDUCER ELEMENT AND ARRAY INTERACTION MODELS

The first model presented in this section provides for
a rather complete analysis of a transducer element including
the non-piezoelectric, ceramic, and basic transducer properties.
For given physical properties of the various components and
characteristics of the ceramic stack, the allowable tolerances
for ceramic parameters, mechanical components and tuning inductor
can be determined. Other models compute element interaction
coefficients, head velocities, and mutual impedances.

5-1
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5.1 Transducer Element Analysis Program (XDUCE1l)

1. Description: The program XDUCEl enables one to determine a
matrix defining the transfer function between the input voltage
and current to the ceramic stack of the transducer and the force
and velocity on the head of the transducer. It can also be used
to analyze the non-piezoelectric and ceramic properties throughout

the transducer element, allowing one to perform parameter variation
or tolerance studies. Thus one can also use XDUCEl to ascertain
allowable manufacturing tolerances for the ceramic parameters,
mechanical components of the transducer, or the tuning inductor
parameters. The program inputs an equivalent circuit for the
transducer element, the physical properties of the various compo-
nent parts of the transducer, and the characteristics of the
ceramic stack. It then performs an analysis of the transducer
element and outputs the non-piezoelectric, ceramic, and basic
transducer properties. The analysis is based on the piezoelectric
equations describing the electrically forced motion of a longitud-
inally polarized cylindrical ceramic stack and relies on a general
six-terminal equivalent circuit of the ceramic element that embodies
its elastic-transmission-line properties., At present, the program
will handle only 33-mode ceramic rings.

The program is organized so as to enable the user to
have seven separate program options:

1. Regular Analysis Run. Given all parameters, this
run does a straight evaluation at a single frequency of any trans-
ducer element properties specified through input data.

2. FMFN Determination. This determines the resonance
and anti-resonance of the electrical admittance of the active

transducer and the corresponding f and £f_, frequencies which

n’
maximize and minimize the admittance, respectively. After this
determination, a regular analysis run is made at both fm and fn‘
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3. Tuning Inductor Determination. Given all parameters
of the transducer element, this option computes the optimum tuning

inductor for current or voltage control cases and does a regular
analysis run with the tuning inductor which maximizes the internal
and self-radiation impedance.

4, Find Parameters. From the experimental values of
resonance data and capacitance and dissipation values, the ceramic
parameters are determined; then a regular analysis run is made
with these ceramic parameters.

5. Frequency Sweep. With all parameters specified,
this run evaluates those properties desired over a given frequency

band with a specified increment.

6. Special Frequency Sweep. With all parameters speci-

fied, this run evaluates the electrical admittance over a given
frequency band with a specified increment.

7. XDUCE2. With all parameters specified, this
run determines and outputs onto magnetic tape the equivalent
transducer matrix without a tuning device (ABCD matrix) over a
given frequency band with a specified increment.

2. Input Parameters:

The input to the program is in metric (MKS) units and includes:

1. A tag to denote the type of analysis to be made.
a. Regular Analysis Run.
b. FMFN Determination.
c. Tuning Inductor Determination.
d. Find Parameters.
e. Frequency Sweep.
f. Special Frequency Sweep.
g. XDUCE2 Run.
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