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C.D. ANTENNA SYSTEM

DESCRIPTION AND MAINTENANCE INSTRUCTIONS

Note: This report refers in detail to the C.D. set
installed at Duncan's Cove, N.S,, only.

I. DESCRIPTION

The antenna system covered by this report comprises
separate arrays for recelving and transmitting. These
two arrays are mounted 1n the same vertical plane, the
recelving array being direqtly above the transmitting
array. The array elements‘” are mounted one-sighth of a
wavelength in front of reflecting screens which, in turn
are fastened to the steel rotating structure on top of
the 70 ft. wooden tower. The mean height of the arrays
i1s 168 ft. above the sea,.

Bach array consists of five vertical stacks of
three full-wave dipoles., Cross feeders, one-half wave-
length long, connect the centre dipole of each stack to
the outer dipoles. A 300 ohm open wire line passes
through an opening in the screen to the centre element
of each stack, This line is matched to the stack with
a closed stub,

Drawings #CD-80 and ;'CD-81, attached to this report,
show the field strength patterns of the transmitting and
receiving arrays, respectively. These depict the patterns
actually measured at Duncan's Cove after the final array
ad justments had been completed,

The combined (transmitting and receiving) patterns
shown in Dwg. #CD-82 indicate, of course, the relative
R.F. voltage fed to the receiver as the array swings
past a target at an azimuth of 0°,

l. Transmitting Array

In the transmitting array, the lengths of the five
open-wire lines between their common junction and the
stacks are made equal so that the array fires straight
ahead, At the junction, quarter-wave sections are

(1) The array design is based on curves given in
N.R.C. report PRA-10 entitled "Design Data for
Arrays with Reflecting Screens" by
K.A. MacKinnon.,
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inserted to adjust the power(zéistribution to the five
stacks. These sections have been permanently set to
give ¢ power dlstribution which feeds most of the power
Into tne centre stack, a smaller amount in each of the
lnner stacks., and least into each of the outside stacks,
This "tapered" distribution has reduced the f ield
strength of the largest side lobe to about 14% of that
of the main beam,

The 70 ohm concentric feeder line from the trans-
mitter is about 180 ft. long. It is connected to the
common Junction of the feeders through a quarter-wave
"sleeve®, which device converts the unbalanced con-—
centric line to the balanced output required by the
Junction, A closed concentric stub matches the con=-
centric line into the quarter-wave sleeve and its
antenna load, At the transmitter, the concentric feeder
line is terminated in a "trombone" which changes the
70 ohm unbalanced line impedance to 280 ohm balanced,
the load into which the transmitter is designed to
operate,

2o

n

1it-Beam Receiving Array

B T R S S ey

|

Although the receiving array is identical with the
transmitting array in front of the reflecting screen,
1t varies considerably in the arrangement of the open~
wire feed lines, This arises from the necessity of
splitting the beam in order to obtain the required
accuracy in setting the azimuth,

The five feeders which are matched to the five
stacks with closed stubs are terminated in a resonant
line switch, This device inserts or withdraws fixed
lengths of feeder line in all except the centre stack,
The effect 1s to fire the beam either 4° to the left of
straight ahead, or 4° to the right,

Sl | CUTIS Bt 5 R S0 M e Bl L 1§ MRS A

(2) The power measurement technique referred to in
this report 1s based on methods outlined in
N.R.C. report PRA~9 entitled "Measurement of
Power at Ultra High Frequencies" by
K.A., MacKinnon,
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The following sketch 1llustrates the action of the
switch. The five horizontal lines at the top represont
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the five stacks of the receiving array in relative
position. The remaining solid lines represent two-wire
feeder lines, while the dotted lines indicate the two-
wire lines comprilsing the resonant line switch. Each
section of line in the switch is a quarter wavelength
long.

If, at the same instant, the two-wire line at e is
short-circuited and that at f is left open, then the
resonant line switch at points a, ¢, and the "g" end of
eg will be of high impedance. Consequently, signals
received on all stacks except #3 will travel to the
recelver through the paths ending in fg. Accordingly,
the lengths of path traversed will be from #1 stack
(k + 4x + N\/2), #2 stack (k + 3x + N/2), #3 stack
(k + 2x + 3/2), #4 stack (k + x + A/2), and from #5
stack (k + 9/2). Thus the path from each stack differs
in phase from that of the preceding stack by an amount
corresponding to a length of line of x units., 1In
consequence, the receiving beam will Tire to the left
hand side at an angle N, equal to arc sin x/d, where d
is the horizontal distance between the centres of ad-
Jacent stacks.,

Similarly, when point f is short-circuited and
point e is open, the beam will fire to the right hand
side at the same angle N.
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The length X was chosen to make N equal to about 4°,
and the constant length k was determined by that length
which could bec most conveniently placed in position
around the structural steel members comprising the
rotating structure. In order to shorten the centre
stack feeders as much as posslble, a length equal to one-
half wavelength is deleted and accounted for by reversing
these particular feeders at the point of attachment at g.

For thc sake of symmctry and ease of mechanical
construction, the switching 1s not carried out directly
at points e and f, but on the contrary by extra quarter-
wave lines™ eh and f] as shown in the following sketch of
the complete resonant line switch.
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If the switch opens h and shorts j, 1t therefore
effectively shorts e and Opens I, which is the same
situation as that assumed in the explanation outlined
previously.

3. R.F. Wobble Switch

Although short-circuiting at h and j can be carried
out by mechanical contacts, it is much more desirable
from the standpoint of rellability and maintenance to
use & rotary capacity switch which revolves freely in
air, In this equipment a 60 cycle 1800 r.p.m. synchron-
ous ball-bearing motor rotates & brass plate, set in the
wall of a cylindrical piece of insulation, past two
small pairs of plates attached to the lines at h and j.
The air gap is_only 0.008 inches and the plates are
approximately 3" x 5/8“ The relatively low reactance
of this capa01ty at 200 Mc. effectively short-circults
the resonant lines,

The circumferential length of the rotating brass
plate is so chosen that during one revolution of the
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motor the switching cycle is 40% of the time with array
firing to one side, 10% array inoperative, 40% array
firing to the other side, and 10% inoperative. This
long length of time on each firing position is essential
to provide the repeated sweeps on the cathode ray tube
necessary for a clear presentation. The inoperative
state of the array just mentioned is achieved by having
both polnts h and ] open during the beam-jumping portion
of the cycle. This makes both lines feeding in at point
J of high impedance, with consequent poor match into the
low impedance feeder line to the receiver,

As in the case of the transmitting array, tapered
power distribution to the stacks 1s necessary to cut
down the side lobes which are normally increased in
virtue of the slewing of the beam. This tapered distri-
bution is achieved by constructing the various sections
of the resonant line switch of different characteristic
impedances. A further requirement taken care of by
this choice of impedances 1s that of making the output
Impedance of the resonant line switch (at point g) equal
to 70 ohms, to match the balanced output of the quarter-
wave sleeve inserted between the switch and the 70 ohm
concentric line feeding the receiver, This permits the
omission of a concentric stub at the tower end of the
recelv r concentric line.

4, Rotation of Concentric Lines

The problem of twisting simultaneously the two con-
centric lines feeding the transmitter and the receiver
i1s met by inserting concentric swivel joints in each
line in the following manner, The transmitting con-
centric swivel 1s placed on the axis of rotation just
above where 1t enters the rotating structure, This line
is then bent away at 90° to go to the transmitting array.
The receiver concentric bends around the transmitter
swivel in a wide loop and returns, at a higher point, to
the axis of rotation where its swivel is located., There
1s thus a "blind" sector in the array rotation as a
result of the receiving concentric loop striking on
elther side of the transmitting concentric where it
bends away. This blind sector is about 60° wide and is
arranged, of course, to point inland where no observa-
tions are required.

To protect the concentric line from damage during
rotation, safety switches are put on the main azimuth
selsyn shaft in the tower. These are cam-operated
microswitches and, for safety's sake, are so arranged



SECRET

that one switch opens when the array is about 30° away
from the blind sector, and the other opens when the
array 1s about to reach the blind sector.

These 30° sectors on either side of the blind
sector are called "buffer" sectors, They also point in-
land. (See Dwg. #79 attached to this report). If for
any reason the array enters the buffer sector, the
buffer microswitch opens thus stopping the array rota-
tion motor. In order to operate the rotation motor in
the buffer sectors, it is necessary to hold in con-
tinuously the ANTENNA LIMIT SWITCH CUTOUT on the
azimuth receiver rack (sce Dwg, #174 attached to this
report). Normally, of course, as there is no reason for
entering the buffer sectors, since it covers inland
points only, one should turn back out of it at once.

If, on the other hand, the operator persists in
operating in the buffer region by holding in the
ANTENNA LIMIT SWITCH CUTOUT and starts to enter the
blind sector, the second microswitch will open, thus
stopping the array rotation motor. To withdraw from
this sector 1t is necessary for the operator to reverse
the ANTENNA ROTATION CONTROL and hold in the ANTENNA
LIMIT SWITCH CUTOUT while the officer in charge short-
circuits terminals 23 and 25 in the main panel box
(See Dwgs. NRC-RE-100A and NRC-RE-100D attached to this
report).

5. Array Rotation Mechanism

The array is turned by an accurately cut hour
glass-shaped worm. The backlash is so small that no-
where does the angle turned by the worm gear, as deter-
mined by the revolutions of the worm, depart from the
actual angle turned by more than 1' of arc. The
azimuth selsyn transmitter units are driven by a train
of gears operated directly from the worm shaft. The
gear ratios are such that for one revolution of the
tower, the main selsyn rotates once while the vernier
selsyn rotates thirty-six times. The selsyn system
was checked for accuracy between the input worm gear
shaft and the dials of the receiver selsyns in the
azimuth receiver rack. This test revealed no errors
within the accuracy of observation (about il').

The azimuth receiver selsyns are mounted in the
azimuth receiver rack. Provision is also made here for
the connection of additional azimuth receiver selsyns,
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The worm gear shaft is turned by another gear and
worm acsembly whose shaft has a pulley which is belt-
driven by a variable speed d.c., motor of 1 H.P. rating.
This motor is controlled by the ANTENNA ROTATION
CONTROL on the azimuth receiver rack (See Dwg., #174)
through a thyratron device mounted on the wall near the
main panel, The circuits of this device are given in
Dwgs. NRC-RE-100D and NRC-RE-101 attached to this
report).

A study of Dwgs. NRC-RE-100D and NRC-RE-101 shows
that the armature and the series field of the rotation
motor are fed through the C6J 60 cycle half-wave
rectifier plate circuit, The C6J grid voltage is made
up of a d.c. bias voltage on which is superimposed a
60 cycle a.c, component. This d.c. bias is supplied by
the 523 full-wave rectifier (which also feeds the motor
shunt field) and its magnitude is controlled by the
ANTENNA ROTATION CONTROL variable potentiometer, The
&.c. component is controlled in magnitude by the fixed
potentiometer B, and in phase relative to the C6J plate
voltage by the fixed potentiometer A. Two other
potentiometers, C and D in the 5%3 bleeder, are for
fixed adjustments of the high and low speeds respective-
ly, These four fixed potentiometers A,B,C, and D, pro-
Jject through the thyratron unit front panel so that
ad justments can be readily made. They appear in a
vertical stack in alphabetical order with A at the top,
Once adjusted, these controls do not appear to need any
further attention,

In actual operation the motor gives a maximum
speed equivalent to an array rotation rate of 100
minutes of arc per second of time, and a minimum of
4 minutes of arc per second, Any tendency of the motor
to "overshoot" i.e, to continue rotating after the
rotation control has been returned rapidly to centre-
zero, 1s effectively dampened by the automatic short-
circulting of the armature at the instant the control
knob reaches the zero position. Also at this instant,
by means of another automatic switch, the C6J grid 1is
brought suddenly to a potential which renders the tube
inoperative and thereby prevents random tube discharges,

These various automatic switching operations are
all controlled by two microswitches operated by cams on
the shaft of the ANTENNA ROTATION CONTROL. In turn,
these microswitches contreol a reversing relay with eight
contacts mounted on the wall directly above the
thyratron control unit, The schematic is shown in Dwg.
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NHC-RE-101 and the wiring in Dwg. NRC=-RE-100D, both of
which are attached to this report.

6, D.C. Wobble Switch

This device originates the horizontal "jump" on the
azimuth tube 1n synchronism with the antenna R.F., wobble
switch, thus producling the split-beam display. The
split circults in the recelver are described in N.R.C.
report PRA-22, Section 10.

This swltch consists of a palr of contacts which
are opened and closed by an eccentrlc cam rotated by a
60 cycle synchronous motor similar to that in the R.F,.
wobble swltch., Although these two motors rotate in syn-
chronisu, 1t is necessary to phase the operation of the
contacts with the jump of the beam, This has been
adJusted permanently as far as concerns the fastening of
the eccentric on the motor shaft. But these four pole
motors, although they always run in synchronlism, can do
8o 1n any one of four positions, only one of which is
correct for the wobble switch. Moreover, 1t 1s purely
fortultous which position they may take up after a new
start. Consequently, the d.c. wobble switch must be
phased with the r.f. wobble switch when elther 1s start-
ed anew. The starting switch for the d.c., wobble switch
1s a push-in-to-stay button on the azimuth receiver rack
(See SPLIT I'OTOR SWITCH 1n Dwg. #174 attached to this
report). R L

To phase the switch it 1s necessary to have all the
equipment operating. The d.c. wobble motor wlll then be
running synchronously but, of course, in one of the four
random phase positlions. The array should now be rotated
until it is about 4° off the bearing of a large fixed
echo, If the phase happens to be correct, the azimuth
tube will display two plps, one about half the height of
the other, with the smaller one on the slde towards
which the ANTENNA ROTATION CONTROL must be turned in
order to equalize the heights of the pips. O0f the three
incorrect phase positions, one position will display
exactly the plcture described above except that the
smaller pip will be on the wrong side, the two other
positions willl display both large and small pips super=-
imposed and side by side. To correct the phase, one
merely pulls out the starting button for a few seconds
and then pushes it iIn again. Usually after three or
four attempts the motor will slip into the desired phase
position,
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7. Colour Disc

A worthwhile improvement in the azimuth dlsplay can
be provided by a colour disc rotating synchronously in
front of the azimuth cathode ray tube. With this device,
one plp appears red, the other green, and all the random
noise background remains yellow,

Its use has many advantages over the usual single
colour azimuth presentation. In the first place, when
off the bearing of a weak signal it can be seen at a
glance to which side the array must be turned in order
to bring up the other pip which originally may not be
discernible at all. In the second place, weak signals
are more readily discovered in the yellow noise back-
ground because of their colour. Thirdly, when a number
of ships are in close formation, there is far less
danger of the operator's balancing one pip from one ship
against one pip from another ship.

The colour disc is made up of a frame holding trans-
parent coloured celluloid, arranged in such a way that
on one side of the diameter the colour is green and on
the other side red. It 1s rotated by a 60 cycle syn-
chronous motor, the phasing of which is carried out in
exactly the same manner as that described for the d.c.
wobble switch in Part I, Section 6 of this report.,
However, in this case the four possible phase positions
give the following colour displays: the correct position
shows the left hand pip red and the right hand pip green;
one undesired position reverses the colours so that the
left hand pip 1s green and the right hand red; and the
two othcr undesired positions make both pips yellow,

When a colour disc is used, it is necessary that the
cathode ray tube should have a white screen.

8. Wiring Diagrams

The entire wiring between the array, the receiver,
the transmitter, and the wall-mounted equipment is gilven
in detall in the following drawings attached to this
report:

NRC-RE-100A - Array Set Interconnections - Main Panel,
Flush Panel Fuse Box =« Wiring.

NRC~-RE-100B = Array Set Interconnections - Tower Wiring.

NRC-RE-100C - Array Set Interconnections - Main Panel to
Recelver and Transmitter - Wiring.
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NRC-RE-100D - Array Set Interconnections - Array Rotation
Motor Control - Wiring.

NRC-RE-101 - Array Set Interconnectlions - Array Rotation
Motor Control - Schematic

The use of numbered terminals, colour coded wiring,
and these detalled drawings should simplify the tracing
of any faults which may occur.

IT MAINTENANCE INSTRUCTIONS

l. Arrays and Feeders

In general the array elements, two wire feeders and
their matching stubs require no maintenance. All that
needs to be done to ensure continuous efficient array
performance 1s to keep the transmitter accurately on a
frequency of 200 Mc.

The matching stubs are robust and well soldered in
posltion and should not be altered under any circum-
stances as thelr precise adjustment in length and
position requires special apparatus and technique,
Thelr misadjustment is liable to mar seriously the
accurate performance of the whole installation.

The concentric feecders to the arrays require regular
servicing. In order to keep dampness out of them, tanks
of oll-pumped nitrogen in the basement are connected
through rubber tubing to a tap in each concentric. These
taps are located at the lowest point of the whole concen-
tric system in order that any water which accidentally
enters the feeders may be readily removed.

The nitrogen tank has a reducing valve attachment
with two pressure gauges, one of which reads the pressure
In the tank and the other the pressure in the rubber
tubing. The single rubber tubing from the valve leads
to two close-off taps mounted on the wall from which
other tubing lengths lead to the two concentrics, These
taps should be closed except during blowlng out
operations,

About once a week gas should be blown through the
concentrics at 2 to 4 pounds pressure for about five
minutes. Most of the gas leaks out through the quarter=-
wave sleeves at the tower ends of the concentrics, with
the rest coming out the swivels. It 1s essential, when
ordering new tanks, to specify oil-pumped nitrogen
because 1t is the ¢ryness of the gas which is the desired
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featurs.,

To check the concentric lines for resistance, both
ends of the lines should be free., This is simply donec
at the operating room end, In the tower, in the case
of the transmitter array, the shorting plug on the end
of the concentric stub must first be removed, requiring
the usc of a blow torch. A small handle is attached to
the plug by which it can be readily removed, when hot
enough, with a pair of pliers. In the case of the
recelving array this need not be done, since there is no
concentric stub. With the arrays disconnected from the
lines at the end of the quarter-wave sleeves, their
resistance should be at least 10 megohms.

A short circuit in a line suggests an examination
of the concentric insulator directly below the
concentric swivel in the tower., This insulator recelves
the fine metal dust produced by the rotation of the
swivel.

Every month the swivels should be pulled apart by
removing the quarter-wave sleeves from the arrays and
then 11fting out the entire end of the line between the
swivel and the array, This nccessitates the removal of
the brass blocks clamping the top part of each swivel
and a2lso a wall clamp above the transmitting sleeve.
After this operation, the insulator in question can be
examined with a flashlight., Any metal dust can be re-
moved with the help of a stiff wire, the end of which is
wrapped with tape, Care should be taken during this
part of the work to ensure tha the three small phosphor
bronze contact springs on the male inner conductor are
not broken off. 1In assembling the swivel, one should
check by means of a flashlight shining through the slots
In the female outer conductor to see that the inner
conductors slip into each other and not beside each
other. The blade of a penknife inserted through the
slots is often a heip at this point in the assembly.

2. Tower Rotating Gear

The worm gears are lubricated in a bath of twelve
gallons of o0il known as "AROX 58" made by Imperial 011l
Ltd. This o1l is heated by an electric heater
controlled by a thermostat set at 45° F, This heater
has its own fuse box on the wall in the operating
building and is independent of the mailn switch,

On top of the casing of the pulley driven worm is
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the plug where the oil is put in. The o1l level plug and
oll level arrow are on the side of this casing. 0il
should ooze out when this plug is removed,

There 1s a tendency for this oll to leak out at the
stuffing box around the shaft behind the driving pulley,
and 1t appears necessary to re-stuff this box every few
months, depending on the rate of drip. A drip can has
been placed below this stuffing box so that a check of
the rate of drip can be kept. Examination of this can
should be made twice a weeck,

In order to fix the stuffing box, it is necessary
to remove the driving pulley which is keyed to the shaft
and fastened with three Allen setscrews, After loosenlng
these screws, the pulley can be readlily driven off wilth
a plece of wood and a hammer. Any type of graphited
twist packing, such as "Palmetto" size 3/8", forced in
with the stuffing box cap, may be used for re~stuffing.

The selsyn gear box is separate from the worm gear
box., The gears run in a bath of light motor oil,
"Mobiloil Arctic Special Light SAE 10W", obtained from
Imperial 011 stations. The o0ll level should be such
that the gears are completely immersed. There 1s no
electric heater in this gear box.,

The motor which turns the array 1s fitted with two
grease cups. These take ordinary cup grease and a single
turn of the cup every two weeks should suffice,

3, R.F, Wobble Switch

No servicing of the radlo frequency part of the
switch should be required because the moving parts rotate
freely in air., The ballbearing driving motor, since it
is running at practically no load, should not require
lubrication more often than once every six months,

4, D.C. Wobble Switch

The driving motor for this switch requires the same
servicing as that for the r.f. wobble switch.

The switeh mechanism, with 1ts mechanical contacts,
requires; occasional readjustment as indicated by the
azimuth display tube. 1If, after lining up the array
sbout 4° off the bearing of a large fixed echo, a high
fuzzy pattern on top of the smaller plp 1s observed, it
indicates that the knurled knobs on the switch need re-
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ad justment. Thils adjustment should be carried out with
cautlon. Advance one knurled knob about a quarter of a
turn to see if the fuzz above the smaller pip is reduced.
If so, then swing the array to 4° on the other side of
the target to check whether this reduction of fuzz on the
smaller pip of one bearing has not, at the same time,
increased the fuzz on the smaller pip of the other bear=-
ing, The knurled knobs should be so adjusted that fuzz
is practically absent from the displays of both bearings.
This switch 1s a precisely built mechanism and should be
adjusted with care.

K.A, MacKinnon,
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