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PREFACE

The Low-Frequency Towed Sonar (XHA) is an experi-
mental variable-depth sonar equipment. It was assembled
by marrying the transducer and electronic equipment of the
NRL 10-kc Long-Range-Search (LRS) Sonar System, as
installed on a submarine (USS GUAVINA), to a hoist and an
articulated towline. This new equipment should provide a
surface-ship platform for obtaining additional information
about 10-kc echo-ranging and, in addition, permit a choice
of operating depth premised on prevailing thermal conditions.

Several Navy activities cooperated in this recombination.
NRL designed and constructed a towed body containing the
transducer and suitable training gear and modified its elec-
tronic equipment as necessary. This instruction book con-
tains the design, operation, and maintenance information for
only the equipment provided by the Laboratory.

This book was written by the members of the Sonar
Systems Branch of the Sound Division who participated in the
design, construction, andtesting of the XHA equipment. The
individuals who contributed to the work are: James L.
Bradford, S. Joseph Campanella, Isidore Cook, Albert L.
Gotthardt, Ralph M. Gran, Thomas G. Hall, Richard H.
Houston, John B. Humphrey, Donald B. Sill, Harry J. Tucker,
Jr., and James S. West.

PROBLEM STATUS

This is an interim report; work on the problem is
continuing.

AUTHORIZATION

NRL Problem S07-18
RDB Project NE 650-961-9

Manuscript submitted August 10, 1953
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SYSTEM INFORMATION Chapter 1

CHAPTER 1
SYSTEM INFORMATION

1. BACKGROUND

The Low-Frequency Towed Sonar (XHA) is an echo-ranging equipment operating at
a frequency of 10 kc. It has been assembled by combining the Naval Research Laboratory’s
10-kc Long-Range Search Sonar with an over-the-side hoist, an articulated towline, and a
towed body. The streamlined towed body or “fish” houses an ADP crystal transducer and

the Transducer Training Mechanism.

The 10-kc Long-Range Search Sonar was originally installed on the submarine
USS GUAVINA, and the transducer was housed in a fixed cylindrical dome topside on the
vessel. The electronics have been changed only slightly for this equipment, and the
transducer, with a new training gear, has been housed in a fish.

Only the electronic equipment and the transducer with a towed body have been the
responsibility of the Naval Research Laboratory, and it is about these that the information

contained herein is concerned.

The electronic gear is considered to be divided into:
(a) Display Equipment—located principally in Rack I,
(b) Reception Equipment—located principally in Rack II,

(c) Generation Equipment—located principally in Racks III and IV and in the High-
Voltage Power -Supply Unit, and

(d) Control Equipment—located principally in Rack I, the Train Amplifier, and the
towed body.

In the installation aboard the USS F. M. ROBINSON (EDE 220), the equipment was
assigned to two major spaces:

(a) Clipping Room—this compartment on the main deck contains Rack IV, the High-
Voltage Power Supply, the Transfer Relay Box, the Train Amplifier, and several

switch and junction boxes.

(b) RCM Room —this compartment on the superstructure deck contains Racks I, II,
III, and the Chemical Range Recorder.

e

Location of the various parts of the system and identifi¢ation ot the interconneeting -

cabling is shown in Figure 1. 1.

— |
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2. PHYSICAL ARRANGEMENT AND DESIGNATIONS
Rack Construction and Assembly

The major portion of the XHA electronic units are panel-mounted on equipment racks
which were designed in the Sound Division of NRL and adopted as a standard for all
Laboratory sonar installations. Each rack is a weldment of four sections of steel channel
(6 inches X 8.2 lb/ft), and the over-all rack dimensions are 60 inches high x 21-1/2 inches
wide X 6 inches deep. Matching columns of No. 10-32NF tapped holes, located along the
left and right sides of both faces of these racks, are utilized in securing notched (slotted)
panels to the racks. An additional set of tapped holes along the left side of the front face
of each rack provides a means for securing the male half of a hinge set, and the mating
portion is mounted on the panel to be hinge-mounted.

This type of construction has several advantages:
(a) Ease of maintenance is permitted by hinge-mounting of panels,

(b) Quick replacement of panels having faulty components can be made, thus per-
mitting the defective panel to be repaired on the work bench,

(c) The rack itself acts as a natural chimney for cooling the components. (Electron
tubes and other heat-dissipating elements are mounted on the inside of the panel
whenever feasible), and

(d) The racks permit the use of covers that can be neatly stacked one upon the other
when the equipment is being serviced. This permits maximum utilization of
crowded compartments.

Rack Nomenclature

Most of the electronic units in the XHA system are mounted on four racks of this
type. These racks are identified by the Roman numerals I to IV inclusive. The panels
on individual racks are identified from top to bottom by the capital letters A, B, C,

- - - - L (as determined by the number of panels mounted on each rack). Terminal
strips of each panel are identified (from top to bottom and left to right) by the capital
letters P, Q, R, - - - - - - Z. Individual terminal points of a strip are signified by
the Arabic numerals 1, 2, 3, 4, etc. Thus the designation II B indicates the second
panel (Panel B) of Rack II, and the identification II BP-4 indicates terminal P-4 of this
particular panel.

The prefix “M” has been used for identifying special interrack terminal strips. The
“M-board” numbers are common throughout the system, i.e., M-board terminals on one
rack are electrically connected to corresponding terminal numbers on each of the other
racks. On the other hand, the counterpart “N-boards” of the system are coaxial termi-
nations that do not necessarily have common interrack connections, and therefore (for
complete identification) they must be prefixed by a rack number.

Figure 1.2 shows the M-board and N-board connections to the various racks of the
system. In addition to this information, the diagram shows the terminations of the

individual conductors of the electrical cables shown in Figure Jadee— e e ammemr s

n
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Component Nomenclature

Generally, the component designation system employed in the XHA also follows a
rack-panel basis. For example, resistors on Panel A (the top panel of any rack) would
be labeled R101, R102, R103, etc. Similarly, capacitors are prefixed by “C,”
inductors by “L,” relays by “K,” vacuum tubes by “V,” etc., and the prefix is followed by
a three-digit designation which indicates the panel upon which the component is mounted
and also the component number of the particular series.

System Cabling

As shown in Figures 1.1 and 1. 2 most of the XHA equipment is located in the RCM
Room and the 40-mm Clipping Room. Signal and control leads from the Clipping Room
connect to the transducer tow cable via a deck-mounted, 20-wire junction box and the
hoist slip rings.

In general, the system is operated from the RCM Room since the equipment racks
containing the receivers and displays are located there. The Driver and Servo Amplifier,

situated in the 40-mm Clipping Room, can be operated remotely. Although remote opera-

tion of these units is possible, all system power is controlled from the Clipping Room.

System power is obtained from the ship’s 3-phase 440-volt 60-cycle main power line.
Power for the High-Voltage Power Supply is obtained directly from this line, A 440-volt/

115 -volt transformer connected across one leg of the 3-phase 440-volt line supplies power

to other units of the system.

3. PROCEDURE FOR ENERGIZING XHA SYSTEM

(a) TURN ON “XHA POWER SWITCH” LOCATED ON DISTRIBUTION PANEL IN
MACHINE SHOP. The XHA POWER SWITCH applies power to the XHA
system via fuses and power switches located in the Clipping Room.

(b) TURN ON 115-VOLT AC SYSTEM POWER SWITCH AND 440-VOLT 3-PHASE
SWITCH, BOTH OF WHICH ARE LOCATED IN THE CLIPPING ROOM. The
115-volt switch energizes the M-boards of the XHA system, and the 440-volt
3-phase switch applies power to the High-Voltage Power Supply. (Three-phase
power is applied via a relay, the coil of which must be actuated by the Driver
before the plate circuit of the High-Voltage Power Supply is energized.)

(c) TURN SERVO AMPLIFIER ON-OFF SWITCH TO “QON” POSITION. THE SERVO
AMPLIFIER IS LOCATED IN THE CLIPPING ROOM. This switch energizes the
low-voltage power -supply circuits of the Servo Amplifier and the green pilot light
of the unit. The high-voltage circuits are turned on automatically after a three
minute delay; this is-indicated by the illumination of 2 red pilot light. After
the delay interval, the Servo Amplifier is in operating condition, i.e., it will
respond to “train orders” from the Program Control Unit.

(d) TURN DRIVER (RACK IV) SAFETY SWITCH “ON.” THE DRIVER IS ALSO
LOCATED IN THE CLIPPING ROOM. This switch is in series with the Keyer
Unit (Panel II-C) ON-OFF switch, and both of these switehes must-be croged™
before the Driver can be energized. *

*See step (h) of this series for further explanation.

epmaNagE 7 ‘*‘
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Chapter 1 ~ SYSTEM INFORMATION

(e) THE FOLLOWING OPERATIONS TAKE PLACE IN THE RCM ROOM. MAKE
SURE THAT THE KEYING SWITCH OF THE PROGRAM CONTROL UNIT (PANEL
I-A) IS IN THE “OFF” POSITION AND THAT THE “AUTO-MANUAL” SWITCH
IS IN THE “MANUAL” POSITION. NOW TURN PROGRAM UNIT ON-OFF SWITCH
(LOCATED ON THE LEFT SIDE OF PANEL I-A) TO THE “ON” POSITION. ' The
Program Unit supplies train information to the Servo Amplifier, sweep voltage
to the crt displays, range-sweep initiating action to the Range Recorder, and
keying initiating action to the Keyer Unit (Panel III-C). The latter function is
governed by the Keying Switch mentioned in this step.

(f) TURN ON THE FOLLOWING RACK II SWITCHES: (1) THE ON-OFF SWITCH
OF THE COMBINING UNIT (PANEL II-B) AND (2) THE ON-OFF SWITCH OF
THE POWER SUPPLY UNIT (PANEL II-F). These switches energize the Recep-
tion Equipment (Narrow-Band and SSI Receivers). However, the Time Varied
Control circuit will not function properly until the Keyer Unit (Panel III-C) is
energized.

(g) TURN ON-OFF SWITCH OF DISPLAY CONSOLE (RACK I) TO “ON” POSITION.
This switch energizes the Rack I display circuits. As sweep information is
generated by the Program Unit, it is important that the Program Unit be energized
first (see step e) in order to prevent damage to the crt screens. Signal inputs
to the displays are provided by the receivers on Rack II.

(h) TURN “GAIN” CONTROL SETTING OF THE SIGNAL UNIT (PANEL III-B) TO A
MINIMUM, AND TURN KEYER UNIT (PANEL III-C) ON-OFF SWITCH TO “ON”
POSITION. The Keyer ON-OFF switch energizes the Signal Unit (Panel III-B)
and the Keyer Unit (Panel III-C). When keyed, the latter operates the T/R Relay,
the TVG circuit, and supplies the input pulse to the Driver. Due to interconnected
switches, the Keyer Unit must be “ON” before the Driver (Rack IV) can be
energized. Thus the Keyer Unit switch acts as a remote control for the Driver.

(i) WHEN THE KEYER UNIT “DRIVER POWER” PILOT LIGHT COMES ON (APPROXI-
MATELY ONE MINUTE AFTER COMPLETING STEP (h) OF THIS PROCEDURE),
THE SYSTEM IS READY FOR ECHO-RANGING. THE PROGRAM-UNIT KEYING
SWITCH (SEE STEP (c)) CAN NOW BE TURNED TO THE AUTOMATIC(AUTO)

OR MANUAL (THE MOMENTARY “SINGLE PING”) POSITION, AND THE “GAIN”
SETTING OF THE SIGNAL UNIT CAN BE ADJUSTED FOR THE DESIRED INPUT
LEVEL TO THE DRIVER. Driver meter settings given in Chapter 4 should serve
as a reference for proper operation of the Driver. Care should be taken not to
overdrive this unit.

(j) DISPLAY AND RECEIVER ADJUSTMENTS SHOULD BE MADE IN ACCORDANCE
WITH INFORMATION APPEARING IN CHAPTERS 2 AND 3, RESPECTIVELY.
THE PROGRAM UNIT CAN BE SET UP FOR THE DESIRED SEARCH PROGRAM
AS OUTLINED IN CHAPTER 5. '

4. PROCEDURE FOR DE-ENERGIZING XHA SYSTEM

The following method should be used.except in case of equipment failure or other
emergency.

‘ (oNAgESTL P
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(a)

(b)

TURN PROGRAM-UNIT KEYING SWITCH TO “OFF” POSITION AND SET THE
AUTO-MANUAL CONTROL ON “MANUAL.”

TURN OFF KEYER UNIT (PANEL II-C). THIS DE-ENERGIZES RACK III AND
THE DRIVER, RACK IV. '

(c) DE-ENERGIZE THE FOLLOWING RACKS LOCATED IN THE RCM ROOM:

@)

(e)

(£)

RACK I (ON-OFF SWITCHES LOCATED ON PROGRAM UNIT AND DISPLAY
CONSOLE)

RACK II (ON-OFF SWITCHES LOCATED ON COMBINING UNIT. PANEL B,
* AND POWER SUPPLY, PANEL F).

TURN OFF DRIVER SAFETY SWITCH AND SERVO AMPLIFIER ON-OFF
SWITCH. BOTH OF WHICH ARE LOCATED IN THE CLIPPING ROOM.

TURN OFF 115-VOLT POWER SWITCH AND 440-VOLT 3-PHASE POWER
SWITCH, BOTH OF WHICH ARE LOCATED IN THE CLIPPING ROOM.

TURN OFF XHA POWER SWITCH (SYSTEM MAIN POWER) LOCATED IN
MACHINE SHOP.

4141 5SVIIND
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CHAPTER 2
DISPLAY EQUIPMENT

1. INTRODUCTION

The primary function of the XHA Display Equipment is to provide visual presentation
of acoustical information received by the XHA transducer. The Display Equipment is
mounted in Rack I (Figures 2.1 and 2.2) and incorporates the following lettered panels:
(B) Display Console, (C) A-Scan Vertical Deflection and SSI Marking Amplifiers, (D) A-Scan
and SSI Range Amplifiers, (E) SSI Horizontal Sweep Generator, (F) Low-Voltage Power
Supplies, and (G) High-Voltage Power Supply. These units are interconnected as shown
in the block diagram of the Display Equipment (Figure 2.3) and in the Interpanel Wiring
Diagram (Figure 2.4). A complete schematic of the Dicplay System is shown in Figure 2.5.

Two separate displays, each using a type 5FPT7-A cathode-ray tube, are used in this
equipment. The first, an A-Scan Display, has a horizontal range sweep with vertical signal
deflection; and the second, an SSI (Sector Scan Indicator) Display, is essentially a B-Scan
with a vertical range sweep and spot brightening for signal presentation.

Individual Range Sweep Amplifiers for the A-Scan and SSI use the sweep potentiometer
output (of the Mechanical Program Control Unit, Panel I-A) as an input signal. Outputs of
the two Range Sweep Amplifiers are applied to the horizontal deflection coil in the A-Scan,
and to the vertical deflection coil in the SSI, respectively.

A 2-ke synchronizing signal, taken trom the SSI Receiver (Panel II-A), is used to
actuate the SSI Horizontal Sweep Generator. The output of this latter unit is applied to
the SSI horizontal deflection coil.

The Narrow-Band Receiver output is amplified and integrated by the A-Scan Vertical
Deflection Amplifier and then applied to the vertical deflection coil of the A-Scan. The
signal from the SSI Receiver is amplified in the SSI Marking Amplifier and applied to the
control grid of the SSI cathode-ray tube.

2. RANGE SWEEP POTENTIOMETER
Circuitry and Operation

To obtain the range sweeps, a negative voltage (300 volts dc) is applied through an
attenuation network to a motor-driven potentiometer. The rotor of the potentiometer
supplies a linear driving voltage to the A-Scan and the SSI Range Amplifiers. Both the
network and potentiometer are located in the Program Control Unit; a schematic diagram
of this unit (Figure 5.4) will be found in Chapter 5. Range settings are varied by controls
in the Program Control Unit. The range is variable on both the SHORT RANGE (2,500 to
15,000 yards) and the LONG RANGE (5,000 to 30,000 yards) positions. The attenuator
network provides increments of 1,250 yards on “short range” and of 2,500 yards on
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“long range.” ARANGE SWEEP switch, located on the front of the Program Control Unit,
allows the use of a “expanded” sweep on any range setting. However, the crt range
indications would then have no meaning.

Servicing

The major difficulties arising in this unit will be no range sweep, a partial range
sweep, or a nonlinear or jumpy range sweep. In the absence of range-sweep voltage,
check the circuit for a sweep output (which should be a gradually increasing negative
voltage) on terminal AR-11. Then check for a minus 300 volts on terminal AR-12, and
determine whether or not the rotor arm of the potentiometer is turning. If none of these
checks reveals the trouble, examine the attenuation network. A jumpy sweep may be
caused by bad spots in the motor-driven potentiometer or poor regulation of the power
supplies. A spare potentiometer, already installed in the unit, can be utilized if damage
occurs to the one in use.

3. RANGE SWEEP AMPLIFIERS
Circuitry and Operation

The A-Scan and SSI use identical Range Sweep Amplifiers (Figure 2.6). Both amplifiers
are mounted on the same 3-1/2 x 19 x 1/8 inch dural panel (Panel I-D), and the unit weighs
approximately two pounds. Panel power requirements are 6.3 volts ac at 1.8 amperes, plus
300 volts at 40 milliamperes, and minus 300 volts at 35 milliamperes.

The Range Sweep Amplifiers take the output of the sweep potentiometer, amplify it,
and apply the amplified output to the appropriate deflection coils. The negative sweep
output of the Program Control Unit (terminal AR-11) is connected via the rack wiring
harness to terminal DP-6 of the Range Sweep Amplifier.

As shown in Figure 2.7 each amplifier employs a bridge circuit which has a 6L6 tube
and a 15,000-ohm cathode resistor as two of the legs; the other two legs are the positive
and negative power supplies. The range-length resistance and the deflection coil are tied
across the bridge. When variations occur in tube bias, the 6L.6 acts as a varying resistance.
If the bias is such that the tube represents a 15,000-ohm resistance, the bridge is balanced
and no current flows in the deflection coil. When a positive increase (bias change) from the
balanced condition ocecurs, the tube resistance decreases, the cathode becomes positive
with respect to ground, and current flows in the deflection coil. The deflection is in the
opposite direction when a negative change in tube bias from the balanced condition occurs.
The tube is biased by adjusting R401, the CENTERING control. During the range sweep,
the signal voltage is increasing in a negative direction.

Servicing and Aligning

To adjust the Range Sweep Amplifiers, apply the negative signal to the input. Adjust
R401 to center the sweep and R406 to give the proper sweep length. Any great nonlinearity
in the sweep should be apparent, but if it is desirable to check the linearity, decrease the
intensity and apply evenly spaced pips to the grids of the cathode-ray tubes.

Little difficulty should arise in this circuit, and aside from improper shielding, any
irregularities in the sweep would probably be due to trouble mw_emply”or' range
sweep potentiometer.
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The range sweeps are aligned by the following procedure:

(a) Set the RANGE SELECTOR to 15,000 yards (short-range scale) and the
RANGE SWEEP switch to NORMAL,

(b) If the sweep start is incorrect, adjust the Range Amplifier CENTERING
control,

(c) If the sweep length is incorrect, adjust the Range Amplifier RANGE control,
and

(d) Switch to the next shorter range and adjust its length with the appropriate
RANGE CALIBRATE potentiometer in the sweep attenuation network, located
in the Program Control Unit.

4, SSI HORIZONTAL SWEEP GENERATOR
Circuitry and Operation

The SSI Horizontal Sweep Generator (Figure 2.8) develops the sweep for the SSI display
in the horizontal axis. The unit, a schematic diagram of which is shown in Figure 2.9, is
mounted on a 19 x 5-1/8 x 1/8 inch dural panel and weighs approximately 3-1/2 pounds.

It requires 6.3 volts ac at 1.5 amperes and 300 volts dc at 30 milliamperes. The plate
current of the push-pull 6V6 output tubes is 70 milliamperes at 300 volts; plate voltage is
applied to the 6V6’s via the deflection coil.

The input signal is the sine-wave difference frequency of the SSI Receiver local oscil-
lators and enters the unit on EP-5 from terminal NPT. The sine-wave voltage applied to the

unit is clipped by the cathode-coupled limiter, V501. The square-wave output is differentiated

by the network of C503 and R505. The resultant negative spike is used to trigger the one-
shot multivibrator, V502, and the output of the multivibrator keys the discharge circuit
composed of V503, R513, and C506. This circuit provides a linear sawtooth output which is
amplified by V504A; V504B is a phase inverter whose outputs drive the push-pull tubes
V505 and V506, Tubes V505 and V506 derive their plate voltage from the center-tapped
deflection coil.

Adjusting and Servicing

With a 2-kc sine-wave input applied, adjust R526, the CENTERING control, and R517,
the GAIN control, to give the proper sweep position and width. The SYNC control, RE509,
should be adjusted so that the sweep is synchronized. This will be apparent when the left
and right edges of the sweep pattern are smooth and not jagged. With an oscilloscope
connected to the grid of V504B, the SHAPING control, R513, should be adjusted for the best
waveform, while of course, holding synchronization. It will probably be necessary to
readjust the GAIN and CENTERING controls. If a view of the output waveform is desired,
the best means of accomplishing this is to insert a small resistor in series with one of
the plate circuits and to apply the voltage across this resistor to a cathode-ray oscilloscope.
The waveform across the resistor should be trapizoidal in shape.

On the plate of V501B the waveform should be a square wave, which is differentiated
and clipped to produce a negative spike at the grid of V502A. These waveforms, together
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with the sawtooth at the grid of V504B, indicate that the sweep-generation portions of the
circuit are operating properly.

The loss of synchronization (apparent by jagged edges on the sweep), a free-running
condition, or nonlinearity are the greatest causes of trouble in the circuit. If readjusting
the SYNC and SHAPING controls do not correct synchronization loss, replace V501 and
V502 with new tubes. If the trouble is still uncorrected, vary the time constant of the
differentiation network. When the multivibrator is free-running, an abrupt change occurs
in horizontal size and jagged edges again appear. This effect is probably due to a loss of
the 2-ke input signal, so check EP-5 for the sine-wave input of approximately 2-volts
magnitude. If a nonlinear waveform appears, check R527, the GAIN control, the SHAPING
control, and the SYNC control.

3. A-SCAN VERTICAL DEFLECTION AND SSI MARKING AMPLIFIERS
Functions

The A-Scan Vertical Deflection and SSI Marking Amplifiers (Figure 2.10) weigh
approximately two pounds and are mounted on the same 19 x 3-1/2 x 1/8 inch dural panel
(Panel I-D). The two amplifiers require 6.3 volts ac at 0.9 ampere and 300 volts dc at
approximately 35 milliamperes.

These units provide the signal amplification for the displays. The A-Scan Vertical
Deflection Amplifier receives input signals from the Narrow-Band Receiver, amplifies
and integrates them, and applies them to the vertical deflection coil of the A-Scan display.
The SSI Marking Amplifier receives the output-signal pips from the SSI Receiver, amplifies
them, and applies them to the grid of the SSI display tube. Both of these units have external
gain controls which are electrically located in the input grid circuits. A schematic of the
two units is shown in Figure 2.11.

A-Scan Vertical Deflection Amplifier

Circuitry—The A-Scan Vertical Deflection Amplifier receives its signal on terminal
CP-5 from terminal NPU via terminal BS-8, a 500K potentiometer (R211), and terminal
BS-7. After passing the remote GAIN control, R211, the A-Scan signal is amplified by
V301 and rectified by a 1N58A germanium diode, The rectified signal goes from terminal
CP-10 to console terminal BP-11 and then to the integration network. This network has
four time constants: 0, 0.05, 0.25, and 0.5 second. The optimum time constant for the
integration network should be selected in accordance with the receiving conditions encoun-
tered. The signal leaves the integration network on terminal BP-12 and re-enters the
amplifier unit at CP-11. A cathode-coupled self-phase-inverting push-pull amplifier is
used in the output circuit.

Adjusting and Servicing—With a pulsed signal (not cw) applied to the unit, adjust R211
for the desired gain and R309 to center the vertical sweep. The integration time should be
set as required.

The two main difficulties encountered in using this amplifier are improper integration
time and the absence of vertical deflection. To correct for improper integration time,
test the various integration switch positions and the 1N58A diode. If there is no vertical
deflection, check the GAIN control, R211, as well as the receiver remote and local GAIN
controls, e
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SSI Marking Amplifier

Circuitry—The SSI Marking Amplifier receives its signal on CP-6 from NPS via BS-9,
R212, and BS-10. The circuit, one of the conventional resistance-coupled type, has a
greatly extended range on the low-frequency end to accomodate the slow scanning rates
of the receivers. The external GAIN control, a potentiometer (R212) mounted in the Console,
is electrically connected in the grid circuit of the input stage. The output is capacitively
coupled to the grid of the SSI display tube for intensity modulation.

Servicing—If no signal appears on the SSI display, check the external GAIN control,
R212, as well as the SSI local and remote GAIN controls,

6. DISPLAY CONSOLE

The Console, a circuit diagram of which appears in Figure 2.12, contains the cathode-
ray tubes and associated controls, the external controls for reception and display circuits,
and the audio output jacks. This unit also contains the Handwheel Assembly of the Train
Control Mechanism; however, that device is discussed in Chapter 5 of this information
manual.

The unit is built on a standard console rack and weighs approximately 40 pounds.
The tubes require 6.3 volts ac at 1.2 amperes and 300 volts at 10 milliamperes exclusive
of the plate current for the output tubes of the SSI Horizontal Sweep Generator.

The Console receives the signal inputs on terminal boards P, R, and S. Terminal
board Q is for intra-unit connections of the cathode-ray-tube deflection and focus coils.
The Console contains such controls as FOCUS and INTENSITY, both of which are necessary
for operation of the cathode-ray tubes. It also contains the GAIN controls for the A-Scan
Vertical Deflection and SSI Marking Amplifiers and the A-Scan INTEGRATION control.

The power for all the units except the Program Control Unit is controlled by the ON-OFF
switch in the Console. Remote gain controls are provided for the Narrow-Band and SSI
Receivers, and phone jacks are supplied for the Narrow-Band Receiver.

7. DISPLAY POWER UNITS
Low-Voltage Supply

The Low-Voltage Power Supply (Figure 2.13) is mounted on a 19 x 12-1/2 x 3/16
dural panel and provides plus 300 and minus 300 volts dc (regulated) for operation of the
display equipment. The supplies require 110 volts ac at approximately 4 amperes.

The outputs of the unit are 6.3 volts ac at 10 amperes, regulated plus 300 volts at 200
milliamperes, and regulated minus 300 volts at 200 milliamperes. The regulator circuits
of both 300-volt supplies are identical. As shown in Figure 2.14, each circuit employs a
two-stage voltage amplifier to provide a correcting voltage to the grids of the 6AST tube
which is used as a variable impedance element, An 0A2 regulator tube provides a stable
reference voltage. A potentiometer adjustment varies the output voltage. Both the input
and output of the positive and negative supplies are independently fused.
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High-Voltage Supply

The High-Voltage Power Supply, a model PS-5 unit manufactured by the Condenser
Products Company, furnishes an unregulated high voltage for the cathode-ray tubes. The
unit is mounted on a bracket which is located within the rack and behind the console; it
supplies 5000 volts at 5 milliamperes to the anodes of the cathode-ray tubes. Terminal
GP-5 provides a test point for the High-Voltage Supply and should be approximately 400
volts above ground potential.

If the cathode-ray tubes do not produce brightening, check the INTENSITY control
and the high-voltage connection on the tubes. If there is no test voltage at GP-5, check
the fuse in the circuit and the 110-volt ac input. Should failure occur in this supply, use
the spare unit which is available for replacement.

8. RANGE RECORDER
Description

The Chemical Range Recorder (Figures 2.15 and 2.16) used with the XHA equipment
is a standard Sangamo type which has been modified both electronically and mechanically
to allow for ranges of 5,000, 15,000, and 37,500 yards. Since standard Sangamo recorder
paper dries out too rapidly at the slow range rates, a special paper developed at the Naval
Research Laboratory is used and recommended. This paper remains moist for the
required length of time and uses the standard Sangamo stylus with a platinum-iridium tip.

Modifications

Electrical —In the electronic modifications of the Sangamo Chemical Range Recorder ™
(Figure 2.17), a change in the clutch circuit allows it to be “slaved” to the XHA Program
Control Unit. The 2050 tube was removed from the Recorder and a 2500-ohm 25-watt
resistor inserted in its place, The circuit was also interconnected with a microswitch
(located in the Program Control Unit) in order to allow the Recorder to be synchronized
with the range sweeps. Under certain conditions, the single 6SN7-GT did not furnish
sufficient gain. As a result, it was necessary to construct a plug-in adapter which would
allow optional use of two 12AU7’s instead of the original 6SN7-GT,

Mechanical —The mechanical modifications of the Recorder include the insertion of a
10:1 reduction-gear box between the driving motor and the gear-shifting unit. This latter
unit has also been modified by the insertion of an extra gear ratio which makes three
range scales (0-5,000, 0-15,000, and 0-37,500 yards) possible. Geared to the control knob
of the gear-shifting unit is a wafer switch which controls a system of range-scale indicating
lights on the Recorder cover.

The lights to the right of the Recorder window indicate the Recorder range-scale
setting, and the lights to the left of the window denote the range-scale setting of the Program
Control Unit. Each range scale is identified by a different color; red, white, and green
indicate 0-5,000, 0-15,000, and 0-37,500 yards, respectively. By matching the colors of the
lights on the two panels, the operator of the Recorder automatically selects the proper
recording speed. Any change of range scale by the Program Control Unit operator is
immediately reflected to the Recorder.

*See instruction book on the Chemical Range Recorder, Model CAN-55134, manufactured
by the Sangamo Electric Company. B
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(b) Rear view

Fig. 2.10 - A-Scan Vertical Deflection and SSI Marking Amplifiers
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(b) Rear view

Fig. 2.13 - Low-Voltage Power Supply
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Fig. 2.14 - Schematic Diagram of Low-Voltage Power Supply
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RECEPTION EQUIPMENT — Chapter 3

CHAPTER 3
RECEPTION EQUIPMENT

1. INTRODUCTION
Function

The reception equipment provides information for both visual and aural detection of
noise generated within the target and detection of echoes produced by sonifying the target
in a sound beam. Essentially, the reception system consists of two receivers centered at
10 ke: (a) a Narrow-Band Receiver which provides aural and A-scan display information and
(b) a Sector Scan Indicator (SSI) Receiver which provides target azimuth information to a
B-scan display.

A functional diagram of the reception egquipment is shown in Figure 3.1. Signal voltages
induced in the transducer are applied to the receivers through the Combining Unit which
(a) amplifies the two signals from the split transducer and applies the two individual outputs
to an SSI Receiver, and (b) combines these signals and feeds the resultant to a Narrow-Band
Receiver. The two receivers process their respective inputs and supply information to the
Display Console (Rack I) for aural and visual presentation.

A Time Varied Gain Control (TVG) Unit renders the receivers inoperative during pulse
transmission and then r estores the Narrow-Band-Receiver gain at a predetermined rate.

A test signal, applied to the receiver through the Combining Unit and a calibrated
attenuator, is used for testing and aligning the receivers.

Arrangement of Units

The reception equipment for the XHA Sonar System consists of six units mounted in
Rack II. Front views of the units are shown in Figure 3.2 and rear views, except that of the
Power Supply, are shown in Figure 3.3. The units are arranged in the rack from top to
bottom as follows:

Panel II-A Narrow-Band Receiver
Panel II-B Combining Unit

Panel II-C Time Varied Gain Control
Panel II-D SSI Receiver

Panel II-E Test-Signal Attenuator
Panel II-F Power Supply.
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Interpanel Wiring

The interpanel wiring used in the reception rack consists of two distinct systems
(Figure 3.4). One system, a wiring harness located in the left side of the rack, provides
all control and power connections from panel to panel and to the M-board. The other system
consists of shielded leads which provide all signal connections from panel to panel and to the
N-board.

Power Requirements

The 