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ABSTRACT

The research, design, development, and fabrication of
Azimuth Data Recorder-Reproducer Set AN/FSH-1 (XB-1) are
described. This is a shore-based equipment designed to record
and reproducebearing informationfrom direction finders employ-
ing synchronous-motor driven goniometers. The equipmentis
intended to improve the accuracy of reported bearings and to
increase signal capture probability, especially for flash trans-
mission, by allowing anoperator to observe repeated reproduction
of the recorded d-f signal while adjusting the playback gain for
optimum bearing determination., Magnetic recording on gear-
driven drumsis utilized in conjunction with a frequency-modulated
carrier system. Characteristics of the AN/FSH-1 (XB-1) equipment
are presented in detail and the results of a 2000-hour life test are
described. The recorder-reproducer fulfills all performance
requirements set forth in the original problem request.

PROBLEM STATUS

' This is a final report; this problem will be considered closed
ninety days from mailing date of this report unless the Bureau
requests otherwise.

AUTHORIZATION

NRL Problem R06-18
Project No. NE 071-154-1
BuShips Problem S1626

Manuscript submitted April 6, 1955
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AZIMUTH DATA RECORDER-REPRODUCER SET
AN/FSH-1 (XB-1) [t ucmmuig e

INTRODUCTION

The AN/FSH-1 (XB-1) Recorder-Reproducer Set, Azimuth Data, is a shore-based
equipment designed to record and reproduce bearing information from direction finders.
This equipment is intended to improve the accuracy of reported bearings and to increase
signal capture probability, especially for flash transmissions by allowing an operator to
observe repeated reproduction of the recorded d-f signal while adjusting the playback gain
for optimum bearing determination. The recorder has been specifically designed to oper-
ate with the AN/GRD-6 direction finding equipment but is easily adapted for use with any
goniometric direction finder employing salient-pole synchronous-drive motors for the
goniometer and indicator.

Recorder performance characteristics requested by the problem details are as
follows:

(a) Bearing error due to recorder action shall not exceed +0. 5 degree
and bearing pattern distortion due to recorder action shall not
exceed 5%.

(b) Storage time to be from one to three minutes.

(c) Repeated use of recording material, retention of received signal
intelligence, and repeated scanning of any portion of a recording

are to be provided. [ZEESRENNNE:

The first phase of the problem was begun in January 1952 and consisted of original
investigations of several recording techniques such as precision drive-systems for
recording media, and wide dynamic-~-range frequency-modulation systems. A tentative
recording-system design based on these investigations was then adopted; a working
breadboard model was constructed; and its performance capabilities were carefully
ascertained. Information obtained from this model served as a guide for the mechanical
and electrical design of a final developmental recording equipment which was completed
in August 1953 and to which the AN/FSH-1(XB-1) nomenclature was assigned. <POICERaNEEISN. |

This equipment is intended to be used for extensive operational evaluation. Its per-
formance characteristics equal or exceed all requirements of the problem details. Con-
siderable attention was devoted to design details in order to permit the production of
limited quantities with current manufacturing techniques and with very little additional
engineering. The AN/FSH-1 (XB-1) equipment has been operated for a period of 2000 hours.
This operation has provided a limited life-test and has established standards for a schedule
of maintenance and repair. SNENEIERRE

CONSIDERATION OF REQUIREMENTS
The signal to be recorded is the detected video output of the AN/GRD-6 direction-

finder receiver. The receiver input is modulated by a goniometer driven by a salient-pole
synchronous motor rotating at 20 revolutions per second. This goniometer produces a
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Recording is effected alternately on two zones in each recorder to provide continuous
recordings as has been previously mentioned. For the purpose of this discussion the
zones will be numbered one and two, the zone closest to the gear box being number one
and the other zone number two. When the record button is depressed, recording begins
and continues as a fully automatic function. If both carriages are in their starting
position (to the left of the recording zone) when the record button is pushed, zone one
commences recording, the head carriage moving from left to right. As it reaches a point
near the end of zone one it operates an alternate-carriage start microswitch which starts
the zone-two carriage, thus providing the 5-second overlap in recording during zone
changeover. As the carriage reaches the end of zone one the carriage-return microswitch
is operated which de-energizes the operating solenoid, causing the carriage to return to
its initial position. Here, a carriage-ready microswitch is operated which allows it to
start when the zone-two carriage approaches the end of its travel and operates its associ-
ated alternate carriage start switch. The zone-two carriage then operates its return
microswitch and returns to its initial position. This sequence continues, providing
retention of the last 60 seconds of recorded material, until the recording operation is
stopped by an operator. [UNCLASSIFIED]

Indicator lights are provided to show at all times which zone is operating. Recording
is always effected first on zone one if both carriages are at rest. However, if the Zone-
two carriage is operating, having previously been used on reproduce, then recording
commences immediately on zone two when the record button is depressed, and the sequence
continues from there. If, at any time during record, the primary power fails and then
comes back on, the carriages return to their rest position and the holding indicator light
on the front panel is energized. To resume recording, the record button must be depressed.
If at any time during record the hold button is pushed, the recorder immediately
stops recording and any carriage in operation at that time continues until it operates its
carriage-return microswitch and returns to the starting position. Under these conditions,
however, the alternate carriage will not be started. The carriages then remain at rest
until either the produce or record function are begun by the operator. [UNCLASSIFIED)

When reproducing a signal from either recorder, only one zone or the other will
operate, depending on the position of the zone selector switch., This switch is inoperative
on record. When the reproduce switch is turned on, the carriage of the zone indicated
by the zone-selector switch starts and continuously reproduces the chosen zone until the
zone switch is changed to the other zone or the reproduce switch is turned off. When the
zone switch is transferred from one zone to the other, the carriage operating at the time
continues to do so until it triggers the carriage-return microswitch and returns to its
starting position. The newly selected zone then commences. [UNCLASSIFIED]

A momentary retrace push-button is provided which, when depressed, causes the
carriage to retrace until the button is released, at which time the carriage resumes its
forward motion. This allows “bracketing” of a short signal without waiting for the com-
plete carriage cycle. This function is inoperative on record. It should be noted that the
momentary retrace function cannot be used to return the operating carriage for the pur-
pose of starting the other zone. Only one recorder can reproduce at a time, as indicated
by the reproduce switch. At any time a recorder is reproducing, it cannot be made to
record or hold until the reproduce switch is placed in the off position. If the primary
power is removed during reproduce, the recorder continues to reproduce as soon as
primary power is returned.

A rear view of the operating controls and indicating lights located on the front panel
of the control unit can be seen in Fig. 26. The carriage-control relays are located in the
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A slight amount of wear occurred in the sleeve bearing of the gear-box input shaft, thus
accentuating the misalignment and inducing chatter. A commercial rubber coupling as
used in the interim model was not sufficiently stiff to drive the greater load of the final
model and slow torsional flutter of such a coupling existed. A more rigid rubber coupling
could be obtained only by initiating a special development. Therefore, a search was made
of other types of commercially available couplings and the one which appeared to be the
most suitable was obtained. This coupling™ was installed between the motor and gear-box
shafts and preliminary tests indicate it to be entirely satisfactory. It is quiet in operation
and removes the flutter introduced by the original pin-type coupling. [UN CLASSIFIED]

The gear box operated satisfactorily during the entire period except for the loosening
of one taper pin which required refitting, and the development of an oil leak around the
input shaft seal which necessitated replacement of the seal. It is believed the seal failure
was hastened by a slightly high oil level resulting in excessive spray against the bearing,
and also by bearing wear. [UNCLASSIFIED]

The only remaining failure of the mechanism was a freezing of the recording-drum-
shaft sleeve bearings caused by inadequate lubriction resulting from improper seating of
the lubrication wicks. The wick oilers were redesigned to assure proper contact with the
shaft, and operation thereafter was satisfactory. Lubrication of all wick oilers on the
drum assembly and associated shafts was necessary every 200 to 300 hours of operation.
The head handling carriages were carefully lubricated during their assembly and thus
far have not required reoiling. [UNCLASSIFIED)

Recording medium and head wear tests were continued throughout the course of the
project and a brief summary of the results is given here. The record-reproduce and
the erase heads used in all models were formed of 0. 006-inch-thick mu-metal laminations.
These thin laminations gave less high frequency loss and seemed to wear more uniformly
than the 0, 015-inch laminations used in the corresponding commercial heads. [UNCLASSIFIED]

During the first 1000 hours of operation, watch oilT was used for lubrication of the
synthetic-rubber recording bands and gave a consistently good signal-to-noise ratio with
no measureable wear of either heads or medium. This oil was adopted at the beginning
of the test when the lubricating wax in the rubber was found unsatisfactory with respect
to signal-to-noise ratio and increased wear and maintenance. The main disadvantage in
the use of such an oil is the frequent application necessary when the recorder is used
intermittently, since reoiling is necessary after each period of approximately 12 hours
of recorder nonuse because the oil drains to the bottom of the drum. However, for con-
tinuous recorder operation, reoiling is required only twice a week., The design of several
types of automatic oilers was considered, but no attempt was made to incorporate them
in the final model owing to the extensive revisions required. Any one of several oils is
satisfactory. Numerous types of oils were used for recording trials and samples of the
recording medium were soaked in these oils to observe any deteriorative effects. The
details of these tests are lengthy and will not be presented here. It is of particular interest
to note that only oils of rather low viscosity were satisfactory since high viscosity prevented
intimate head-medium contact. Oils having synthetic bases were unsatisfactory because
they produced excessive softening of the recording medium. [UNCLASSIFIED]

*One-half simplex type, manufactured by Thomas Flexible Coupling Co., Warren, Pa.

TMarco Watch Oil ¢. & e., manufactured by the Marshall Company
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