NECLASSIFIED
CONEEDENTIAY UEN R 900
TR S [

e e e |

A SONAR TRANSDUCER SIMULATOR

DECLASSIFIED Sy NRL Contmaot

Declassification Team

Deate: 75 JA~ 2217 °

m

Dadmﬁfxmnsuﬂw AA dedass

(2L bF [y Ave DECAS Mawuge | Dec 2012
‘i’ s Seriec

LS. D 3 LT e R e [ | s - 1 R
=B

>
e

DISTRIBUTION STATEMENT, ./_4 __APPLIES
Further distribution authorized by,
R /7, /22110 2L onty.

NAVAL RESEARCH LABORATORY

—

WASHINGTON, D.C.




PR

o0 _!.Lu.m L, E
T = a1 g
A T




DECLASSIFIED
| .—L NRL REPORT 3691

A SONAR TRANSDUCER SIMULATOR

Chester L. Buchanan and Thomas E. Bayston

January 19, 1950

Approved by:

Mr. M. S. Wilson, Head, Sonar Systems Branch
Dr. H. L. Saxton, Superintendent, Sound Division

NAVAL RESEARCH LABORATORY

CAPTAIN F. R. FURTH, USN, DIRECTOR

WASHINGTON, D.C.

DECLASSIFIED




DECLASSIFIED

DISTRIBUTION

CNO

BusShips
Attn: Code 845

BuOrd
Attn: Code Redb

Dir., USNEL

CDR, USNOTS
Attn: Reports Unit

Supt., USNPGS

CDR, USNOL

Dir., USRL, Orlando

CO & Dir., DTMB

CO & Dir., USNUSL

CoSurAsDevDet

ComSubDivELEVEN

ComSubDevGpTWO

Wright-Patterson AFB
Attn: BAU-CADO
Attn: CADO-E1

0Csig0o
Attn; Ch. Eng. & Tech. Div., SIGTM-S

CO, SCEL
Attn: Dir. of Eng.

RDB
Attn: Information Requirements Branch
Attn: Navy Secretary

Naval Res. Sec., Science Div., Library of Congress

Attn: Mr. J. H. Heald

DECLASSIFIED

- DD




— DECLASSIFIED

CONTENTS

Abstract iv
Problem Status iv
Authorization iv
INTRODUCTION 1
DESCRIPTION 1
PRINCIPLES OF OPERATION 4

Transducer Impedance 4

Phase Relationship 5

Block Diagram 7
OPERATION 8
CONTROL MECHANISM 10
ELECTRICAL CIRCUIT 11
APPENDIX 13

DECLASSIFIED



DECLASSIFIED

ABSTRACT

A transducer simulator was developed in order to
facilitate accurate laboratory testing of certain types of
sonar equipment. This instrument simulates the electrical
outputs of a multisection, submerged sonar transducer re-
ceiving a signal from a source anywhere within its sound
beam. It enables complete phase-characteristic tests of
phase-sensitive receiving devices (such as sector scan in-
dicators and their associated coupling and combining units)
to be made within the laboratory, reducing the work load
on overtaxed underwater facilities.

PROBLEM STATUS
The device reported on was developed to facilitate the
work on certain phases of the problem; work on the over-
all problem is continuing.
AUTHORIZATION

NRL Problem S07-01R
NR 527-010
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A SONAR TRANSDUCER SIMULATOR

INTRODUCTION

The transducer simulator, which is the subject of this report, is designed to duplicate
the phase relationships between the electrical outputs of a four-section sonar transducer
receiving a signal from a source anywhere within its sound beam. This instrument facil-

This transducer simulator, shown in Figure 1, has been constructed sufficiently
rugged and lightweight to be portable. It measures 14in. wide, 9 in. high, and 16 in. deep, and
weighs 38 pounds. )

The two flush-type control knobs, located on the panel, control the phase relation-
ship of the four output signals which simulate electrical outputs of the quadrants of a
horizontally and vertically split type of transducer. The dials associated with the con-
trols are visible through the plastiec windows adjacent to each control. These dials, la-
beled UP—DOWN and LEFT—RIGHT, indicate directly the phase relationship of the out-

pass filters; and Figure 8 is an underneath view of the chassis showing the manner in

T |
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Figure 2 - Rear view of simulator
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Figure 4 - Control mechanism removed
from chassis

Figure 3 - Front view of chassis
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Figure 5 - Control mechanism
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Figure 6 - Rear view of chassis Figure 7 - Converter sub-chassis

Figure 8 - Underneath view of chassis

Figure 9 - Power supply unit
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Operating power for the transducer simulator is supplied by the separate power sup-
ply unit shown in Figure 9. The dimensions of this unit are 7-1/8 in. wide, 6 in. high,
and 6-5/8 in. deep, and the unit weighs 8-1/2 pounds. The power supply unit is fused and
equipped with a line switch and an indicating light. A recess in the rear of the power sup-
ply unit provides for storing the power cable and line cord when the unit is being trans-
ported or is not in use as shown in Figure 10.

The transducer simulator and
its power supply are fabricated
mainly of aluminum in order that
the weight be kept to a minimum.
The control mechanism of the sim-
ulator is fabricated mainly of dural
and dust sealed. The simulator has
no protruding knobs, jacks,
switches, or other parts that could
be knocked off or broken when
being moved about.

PRINCIPLES OF OPERATION

The transducer simulator
; simulates the electrical outputs of
i a transducer receiving an ultra-
y sonic signal but it does this syn-
thetically by using only electrical
energy. This instrument simulates
the vertically and horizontally split
type of transducer which has four
electrical outputs, one from each
quadrant. In order fo accomplish
this, the device must produce four
outputs whose phase relationships can be adjusted to duplicate those existing between the
four outputs of a transducer receiving a signal from a source anywhere in its sound
beam. In addition, it must permit making the impedance of each output identical with that
of the corresponding quadrant of the particular transducer being simulated.

Figure 10 - Rear view of power supply

Transducer Impedance

The internal impedance of a transducer at any given frequency can be measured on a
bridge. The clamped impedance and the dynamic impedance usually differ by some
amount, but the dynamic impedance of the transducer when in the water is the one
usually of interest. This impedance can be represented as a parallel resistance and re-
actance, as shown in Figure 11a, the reactance being capacitive for a crystal trans-
ducer and inductive for a magnetostrictive type. As shown in Figure 11b, this parallel
configuration has an equivalent series configuration in which Z is the same. The parallel
and series configurations are related by the expressions:

x|z
= R? +x2_ X
=R l2d
XN = ST
RR+X* R
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A transducer can be represented by

TRANSDUCER the circuit shown in Figure 1ic. For a
constant sound pressure on the transducer
of a given frequency, the voltage across the
terminating impedance, Er, can be predicted
from this circuit where the generator voltage
(Eoc) of Figure 11c is the open circuit voltage
of the transducer. For any given transducer at
a particular frequency, Eoc depends only on

5 the sound pressure. This arrangement is known
K RGeS as the constant-voltage generator circuit. The
7y circuit shown in Figure 11d can also be used to

represent the transducer if the generator is

o made a constant-current generator whose cur-
rent I is dependent only on the sound pressure
for any given transducer at any given frequency,

a. PARALLEL GCONFIGURATION

b. SERIES CONFIGURATION
EQUIVALENT TO a.

and1I = _ng =G where Eoc is the open cir-

R
cuit voltage. Thus the terminating voltage is
2 RjX-Z
Er = () i :

RiX + RZy + jXZ7

It will be found that the two circuits, the par-
allel and its equivalent series, will react

C. CONSTANT VOLTAGE GENERATOR : : i ; i i
CIRCUIT EQUIVALENT 0. THANG: xdentlca}lly with equivalent termu_w.tlng_ 1m‘ped
DUCER. ances, in voltage and phase relationship, if the

open circuit voltage (Egc) of each is the same
and all the other relationships shown are true.
Any parallel configuration of terminating im-
pedance used to parallel terminate a trans-
ducer will have an equivalent series configura-
tion of terminating impedance which can be used
to series terminate the transducer. These
equivalent terminating impedances will be re-
lated by the same relations given above for

d. CONSTANT GURRENT GENERATOR

GIRGUIT EQUIVALENT TO TRANS- Figure 11.
DUGER.
Figure 11 - Transducer equivalent . . )
eireit In the transducer simulator, the circuit

configuration of Figure 11d is actually used.

A BAHS6 tube is used as the constant current
generator since the internal impedance of this tube and its associated circuit is so high,
compared with the impedance of the R and X in parallel with it, that it produces for all
practical purposes a constant current. When the proper values of R and X are introduced
into the output circuit of the simulator, the voltage and phase across any given terminat-
ing impedance, as compared with the open circuit voltage and phase, will very accurately
duplicate the results that would be obtained with the real transducer as compared with its
open circuit voltage and phase.

Phase Relationship

A brief examination of the phase relationship of the electrical outputs of the quad-
rants of a sonar transducer receiving a signal will be useful in describing the operation

DECLASSIFIED
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Figure 12 - Section transducer

of the transducer simulator. In Figure 12, a drawing of a quadrant-type transducer, B-B
is the sound beam axis of the transducer, A-A is the bearing axis, and C-C is the ele-
vation axis. When the transducer is receiving a signal from a target (noise source) the
following assumption is made:

The distance from the transducer to the target is so great compared
to the transducer diameter that sound energy being received can be
considered a plane wave front normal to a line from the center of the
transducer to the center of the target.

This assumption is valid for current transducers and practices. When a signal is being
received from a target which is on the axis B-B at point 1, the energy reaches all quad-
rants at the same time and hence the four output voltages will be in phase. If the sound
source moves off the axis along the line toward X, quadrants 2 and 3 will receive the
energy before 1 and 4; hence the phase of the output voltage of 2 and 3 will lead 1 and 4.
The reverse will be true if the target moves back across the axis B-B toward x’.

The same type of reasoning holds when the target moves above and below the axis,
along y-y’. Now assume that the target has moved along x-x'’over to point 2 and con-
sequently the outputs of 2 and 3 lead the outputs of 1 and 4 by a certain amount. Now, if
the sound source is moved up to point 3, 1 and 2 must advance in phase relative to 3 and
4, and 2and 3 must still lead 1 and 4 by the same amount as when the target was at
position 2.

DECLASSIFIE'
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TARGET POSITION #3

Figure 13 -
Phase rela-
tionship of
electrical
outputs of
the four
gquadrants

Figure 13 shows by vectors the phase relations of the four quad-
rants for the three consecutive positions. It is assumed for Simplicity
that target movement from position 1 to 2 gives rise to a 90° difference
in phase between the voltages of the left and right halves, and the move-
ment from position 2 to 3 also gives a 90° phase difference between the
upper and lower halves.

L]

It can be seen from an examination of the above process that the
voltage vectors of quadrants 1 and 3 always move in opposite directions,
and the vectors of 2 and 4 always move in opposite directions, regard-
less of target movement. However, when the target moves right or
left, the vectors of 1 and 2 move opposite to each other, as do also 3
and 4, but when the target moves up and down 1 and 2 must move in the
Same direction; also 3 and 4 must move in the same direction, but op-
posite to 1 and 2, of course.

In the transducer simulator, four mechanically rotated phase
shifters, each phase shifter representing one quadrant, are used to
obtain the proper phase relationship of the output voltages. In these
phase shifters one degree of mechanical motion gives one degree of
electrical phase shift. A simplified schematic of the phase shifters and
mechanical control mechanism is given in Figure 14. The phase shift-
€rs are numbered according to the quadrant they represent, According
to the above explanation, 1 and 3 are geared together so that they
always move in opposite directions, and 2 and 4 are geared together so
that they also always move in opposite directions. A pair of mechanical
differentials are arranged so that when the RIGHT—LEFT knob is ro-
tated, 1 and 2 move in opposite directions, but when the UP—DOWN
knob is rotated, 1 and 2 move in the same direction. The dial geared to
the RIGHT—LEFT knob indicates the phase angle between 1 and 2,

which is also the phase angle between 3 and 4. The dial geared to the UP—DOWN knob
indicates the phase angle between 1 and 4, which is also the phase angle between 2 and
3. Each dial is graduated to indicate from 180° maximum one way through 0 to 180°
maximum the other way.

Block Diagram
o
PHASE SHIFTERS A block diagram of the simu-
Al lator is shown in Figure 15. A

crystal controlled oscillator gen-
erates a 100-kc signal which goes
through a buffer stage into a phase
shift network. This network results
in four voltages, equal in amplitude

/ but spaced 90° apart in phase,
A 2 which are fed into the phase shift-
ZE O ers whose output is a 100-ke sig-
/ ,7_ , nal whose phase angle depends on
\, the position of the rotor shaft. As
180 180 i e shown on the diagram, the phase
i e 1 shifter rotors are mechanically
il SISCTSTER coupled with the control mechanism.
Figure 14 - Control mechanism, simplified The four outputs of the phase shift-
schematic €rs go into converter stages where

—
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Figure 15 - Block diagram of transducer simulator

they are mixed with a signal from an external signal generator, a low-pass filter at the
converter stage output rejecting all but the difference frequency component of each out-
put. Because the same external signal is applied to all converters, and since phases add
in converters, the four difference frequency components coming out of the converters
will have phase relationships identical to that of the four phase-shifter outputs. Since the
frequency of the signal through the phase shifters is fixed, the phase relationship of the
four outputs does not change with output frequency.

The amplitude adjustment preceding each output stage allows the four outputs to be
made equal in amplitude, compensating for variations in the tubes and circuit values.
The output stage is equivalent to a constant current generator since the output current
depends only on the grid voltage and is independént of the terminating impedance. Proper
values of X and R in parallel can be inserted across the output to create an internal im-
pedance the same as that of the transducer whose output is being simulated.

OPERATION

This transducer simulator requires 117 volts, 60 cycles for its operation. After the
instrument is turned on, several minutes should be allowed for warm-up.

A signal generator should be connected to the jack provided on the front panel. The
frequency range of this generator should enable it to produce a frequency equal to 100 ke

plus the desired ultrasonic output frequency since the internal oscillator of the simulator is
set at 100 ke. The generator should be capable of producing about 1 volt. It is desirable

EONEBENTAL
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If the instrument is properly adjusted, the four output currents will be precisely
equal. Thus, if the four characteristic impedances connected acroess the four outputs are
not identical, the voltage amplitudes will not be identical. If it is desired teo make them
identical they can be adjusted by means of the amplitude adjustment patentiometers.

When the instrument is ready to operate—with the signal generator set to proper fre-
quency and amplitude—the phase relationship of the outputs can be adjusted by the front
panel controls. The dials indicate the phase angle between the respective halves of the
transducer. When the RIGHT—LEFT dial is rotated counterclockwise, by rotating the

(noise source) to the right of the transducer axis, i.e., the transducer would have to be
trained to the right (clockwisa, increasing in bearing) to bring the sound beam axis of the
transducer back on the target, and, in this case, quadrants 2 and 3 would lead 1 and 4 by

In this case, quadrants 1 and 2 would lead 4 and 3 by the angle indicated by the dial. The
transducer would have to be elevated to bring it back on the target,

Since the dials read the phase angle between the output voltages of the halves of the
transducer, there is actually no indication of the angle, in degrees of rotation, or tilt, be-
tween the simulated transducer’s sound beam axis and the target. A simple approximation
can be used to determine the angle, in degrees, through which the transducer* would have
to be rotated, or tilted, to bring it back on the target. The approximation is:

6B

Q=

360

where « is the angle betweenthe sound beam axis of the transducer and the target, in
degrees rotation or degrees tilt, depending on 6;

6 is the dial reading. If 4 is RIGHT, o will be the angle that the target is to the
right of the transducer axis. If 6 is UP, @ will be the angle that the target is
above the transducer axis; and

B is the angle between the first null points in the response pattern of the whole
transducer whose receiving performance is being simulated. I 6 is the RIGHT—
LEFT dial reading, the horizontal beam pattern should be used to determine B,
and if 6 is the UP—DOWN dial reading, the vertical beam pattern should be used
to determine B. B varies, of course, with frequency.

* See appendix for the derivation of the exact relation and the limitatiols of the above ap-
proximation.

JECLASSIFIED
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DIFFERENTIAL

140

ERS

FIGURE REPRESENT
MOTION AS FOLLOWS:
FOR MOTION "DOWN"-5D+
FOR MOTION "RIGHT"-5R#
FIGURES ON DIAGRAM RE-
op 0D PRESENT 180° ON DIAL &
90° ON PHASE SHIFTER

Figure 16 - Transducer simulator mechanism (schematic)

In summary, the characteristics of the transducer simulator are:
a. Frequency range of output signal—10 to 60 kc.
b. Dial indication—within 1 degree of the actual phase angle.

c. Output amplitude variation—no more than +2-1/2% with variation of the
phase controls.

d. Output currént—approximately 201 amps with one volt of external input
signal. The magnitude of the current is proportional to the external in-
put signal amplitude.

CONTROL MECHANISM

A schematic of the control mechanism is shown in Figure 16. As explained in the
section “Principles of Operation,” phase shifters numbered 1 and 3 are geared together,
2 and 4 are geared together, and the two differentials are arranged so that when the RIGHT —
LEFT control is turned, 1 and 2 rotate in opposite directions, but when the UP—DOWN
control is turned, phase shifters 1 and 2 rotate in the same direction. Five revolutions
of the control move the associated dial 180° in graduation, which is 5/12 of a revolution
and rotate the phase shifters 90°. Thus each control can independently move the phase
shifters 1809, representing 10 revolutions of the control and 5/6 of a revolution of the
dial from 1800 through 0 to 180°. Stops on the dials limit the system within this range.
Both controls together can move the phase shifters 360°. The combination of the worm
drive used and a frictional drag on eachdial makes the two controls independent. Move-
ment of one control will not disturb the setting of the other control. Four helical

DECLASSIFIED
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springs in the mechanism perform the dual purpose of reducing backlash to a minimum
and, at the same time, imparting an even "feel" to the finger controls. On the Schematic,
numbers followed by R indicate rotation resulting from 5 revolutions clockwise of the

RIGHT—LEFT control, and numbers followed by D indicate rotation resulting from 5
revolutions clockwise of the UP—DOWN dial.

ELECTRICAL CIRCUIT

former which matches the cathode follower output impedance to the impedance of the
phase shift network. The phase shift network supplies four voltages at 900 intervals in

across the secondary of the transformer reduces the amount of unbalance due to stray
capacity in the transformer and associated circuit,

| ~COMPARTMENT SHIELD
if
I

BTSNV
4T

GOoaX
T0 "EX. 86 b
GEN" TERMINALS
K I
|0 OTHER, MIXER 27K
| AGES aw
1000 war, 1

4 PHASE SHIFTERS SBEE our L
[iN PARALLEL) . TT=\. e e

MIXER sTAgE

'3 OSur

$56a T-m L cHassis
LOW

IMFD 1504, lc n

—

NOTE | -
ALL RESISTORS 'wwaTT UNLESS INDICATED

MOTE 2-
RESISTORS SHOWN WITHIN DOTTED LINES ARE
GEMERAL RADIO PRECISION TYPE.

Figure 17 - Transducer simulator —oscillator, buffer,
and phase shift network— mixer and output stages
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- DECLASSIFIED



DECLASSIE
12 NAVAL RESEARCH LABORATORY “

The outputs of the phase shifters are connected to the converter stages where they
are mixed with the signal from the external signal generator. This stage is connected as
a cathode follower to match the low characteristic impedance of the low-pass filter.

The circuit diagram of the power supply unit is shown in Figure 18. This unit sup-
plies 275 volts of well-filtered d.c. at 60 milliamperes for the B+ requirements of the
simulator. It also supplies 6.3 volts a.c. for filament power.

The amplitude of the outputs can be adjusted by the four screwdriver -type potenti-
ometers located behind the small access holes in the front panel. By using the same load
resistor across each output, a suggested value being 10,000 ohms, the output currents can
be made equal by making the voltages equal. The output contains 100 kc and exterrnal sig-
nal components which will affect the meter reading. An additional low-pass filter, or tuned
circuit, between the output and the meter will aid in removing these components if the ab-
solute value of the output must be determined.

*FEMALE"
JONES PLUG

20ur L+ 10W

asavl—- 450\«;-— 20“’;:

6.3V AC FOR ALL FILAMENTS 8

DAL LIGHTS
E ‘50‘
X

FLexisLEe [<2
CABLE

INDICATING LAMP ®aT

Figure 18 - Power supply unit for transducer simulator

To adjust the phase angle between the outputs the simulator must be removed from
its case to give access to the phase shifters. The phase angle of each output can be ad-
justed by loosening the flexible coupling of the corresponding phase shifter and rotating
that pbase shifter with respect to the dial shaft. With the simulator dials set to zero the
four outputs should be exactly in phase with one another. A sector scan indicator is a
convenient device for checking the phase angle between outputs.

If the output varies more than +9.1/2% with rotation of the phase shifters, it could be
due to misalignment in the phase shift network. The two variable capacitors in this net-
work must be adjusted so that the voltage drop across each capacitor is identical to the
drop across the resistor in series with it, making the value of reactance equal to the
resistance —thus insuring that the four outputs are spaced exactly 9090 in phase. This ad-
justment is rather critical, but should seldom be necessary.

* k k

b 1
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APPENDIX

Since the dials of the transducer simulator are graduated in electrical degrees, the
actual angle between the sound beam axis of the transducer whose outputs are being sim-
ulated and the apparent target, in degrees of rotation or tilt, must be calculated. The
dials read the phase angle between the electrical outputs representing the vertically divi-
ded halves and the horizontal divided halves of the transducer. To calculate the angle
between the axis and the target, certain assumptions must be made, namely:

a. The distance between the transducer and the target is so great compared to

the transducer diameter that the sound energy being received can be con-
sidered a plane wave front normal to a line between the transducer and the

target.

b. The diameter of the transducer is so large compared to the longest wave-
length of the sound energy to be received that the apparent electrical
center of each of the transducer sections remains the same for a target
anywhere within the beamwidth of the transducer,

These assumptions are valid for current transducers and practices.

Referring to Figure 19,
A = wavelength of sound energy being received,

B =1/2 beamwidth of transducer for frequency being received.

Thus, distance (v,)) = .z)s . Now

@ = angle between target and transducer Sound beam axis,
d = distance between apparent electrical centers of the two halves of transducer,

d
=— , and
T3

6= dial reading of either dial of transducer Simulator which is the phase angle
between voltages at a and a’ for a transducer angle of o away from target

bearing.

Then,
distance (yj) = rsinga, (1)
distance (yz) = 2r sina=dsina, (2)
distance (y,) = g— =dsingB. (3)

S :
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Figure 19
Now, (%) = o5k (). @)
From (3), A = 2d sin B. (5)
Substituting (5) into (4),
() = % 2d sin B. (6)

Substituting (6) into (2),
() Loy e
380 2d sin g = d sin a,

0
gising -
T80~ = Sin @,
a = sin™' @%m : ("M

Thus o is the angle between the transducer sound beam axis and the target in the
plane represented by the dial whose reading is substituted for 6 in Equation (7).

For all practical purposes, the following approximation can be used:

2 8
Since -1= 180 =* 1

i
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15
~ 68
then a = 180"
I B = beamwidth at frequency being received, then g = -%B, and
~ 6B

If the beamwidth of transducer at the frequency being received is 280 less, the approx-
imation (Equation (8)) will always be within 1

bercent or less of the correct angle, the
maximum error occurring at the very low dial readings,

The above formula (Equation (8)

) will give in degrees rotation or tilt
angle off of the target bearing,

the transducer
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