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of

Co D, INSTALLATION AT OSBORNE HEAD, N.S.

ANTINIA ARRAY ROTATION CONTROL

The antenna array system used in the C.D. installation made by the
National Research Council at Osborne Head, Nova Scotia, is supported on a
rotatable steel structure about 30¢* x 18t x 6! in size, and weighing about
2500 pounds, 1In operation the array rust be rotated at speeds varying over
a wide range, and a speed, once set, should be maintained constant in spite
of changes in wind loading and frictional torque, A top speed of 1/6th
ToDeM,, & range of speeds of the order of 300 to 1, and good regulation at
all speeds were obtained by the system described in this report,

(a) llechanical System - This consists of a 1600 to 1 reducing gear box ending

in a large worm gear attached to the rotating struc-
ture, A belt and pulley system then allows a 900 r,p.m, motor to drive the
array at 1/6 r,p,m,

(b) Electrical Power System - A 1/2 h.p., D,C, motor is driven from & motore
generator set using an amplidyne type generator
whose field is under external control,

(¢) Electrical Control System - The antenna array controls are located on the
control panel of the azimuth receiver (See
drawing Ref, #300), The azimuth operator turns the rotation handwheel control
to set the rate of change of azimuth required to follow the target (velocity
tracking), This wheel controls direction by means of cams, micro-switches,
and reversing relays, and controls speed by means of the Rotation Control
Amplifier, This unit supplies the excitation required by the amplidyne
generator and, by automatically compensating for any variation in the loading
of the array structure, is responsible for the good speed regulation of the
system, Two speed ranges are available on the control wheel, one providing
& meaximum speed one-eighth of the maximum on the other; this spreads out the
rangs of lower speeds which are normally used the most, The desired speed
range is selected by throwing the Rate Limiter switeh, A dial has been at-
tached to the control handwheel which is calibrated roughly in units of
"knots per 10,000 yards"; this scale applies only to the low setting of the
Azimuth Limiter switch, Two Azimuth Increnent push-buttons are provided for
inserting azimuth corrections without changing the rate already set, One
gives full speed (on the speed range selected by the Rate Limiter switch) in
the positive direction; the other, full speced in the negative dirsction, A
STOP button is also provided by which the operator can stop the antenna
instently at any position, A limit-switech arrangenent provides protection for
the antenna feedsrs which restrict the available array rotation to approx-
imately 320°,
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The following drawings should be consulted in
eonncetion with thc opcration of the system:

DRAWIIIGS: NRC-RZ-192 -~ Ilcetrical interconnections of complete
system
NRC=RE=193 Schematic of complete system
MRC=-RE=-144 =~ Schematic of Rotation Control Amplifier
REF, £299 Array Rotation Speed Characteristic
REF, j#300 Azimuth Control Panel

(d) Operation of Rotation Control System - The essential circuit of the
nower units follows (See

1 "Z)'?.YYV\TTVO\J

NRC-RE~193),

" Generator

INDUCTION,
Mo-ron

Controlled
oxeitation

‘rE.' Coutrol

The throe units, induction motor,
exciter, and amplidyne generator ars ganged on the same shaft, A resistance
Ry 18 inserted in one motor lecad, and a 10,000 ohm potentiometer R; is
placed across thc generator output terminals, The resistance Ry should be
roughly the same as the resistance of the motor armature, but its value is
not at all critical, and in this casc is only about one-third the armature
resistance,

The voltage marked E(control)
is a feedback voltaze used to compensate for chanses in load by controlling
the generator excitation, Since the driven motor operates with constant ex-
citation, its back voltage is strictly proportional to its speed and the
motor imay be rcpresented by its armaturc resistance in series with a voltage
E(back) proportional to its speed, Part of thc above cireuit may then be
redrawn as shown on the next page,
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APLIDYIE
CLNTIRATOR

, This is essentially a bridge
circult which may be "balanced" by making Rp/Rp = R(armature)/Ry. When this
condition is fulfilled, E(control) is independent of the amplidyne generator
voltage, but is directly proportional to E(back) and, thus, to the speed,
E(eontrol) has the very inportant charactcristic that its value depends only
on the speed of the motor, and it is not affected by the armature resistance
drop, or by the armaturc current, or by the voltage necessary to produce that
speed, Assuning that the bridge is balanced, the value of E(control) is
given by the relation,

EControl

E{control) = E(back) Ry + By
Ry + Rp + Ry + R(armature)

= =(back) Ry
Ry + R{armature)

Sinec Ry 1s roughly one-third of R(armature), the value of E{control) is
roughly E(back)/4, The usc to which E(control) is put will now be discussed
(refer to NRC-RE-193),

The excitation to the amplidyne
generator is supplied by a pair of 6Fé's, triode operated, as full-wave,
grid-controlled rectifiers, The grid control for these tubes is secured from
the load resistor of an 1852 pentode operating as a direct current amplifier,
Attached to thc array control wheel on the azimuth receiver panel is a poten-
tiometcr connected in a voltage-dividing circuit, A certain minimum voltage
is set at the centre of the potentiometer and the voltage tapped off becomes
nore negative in either direction of rotetion of the control wheel, This
voltage is applied in serics opposition with E(control) to the grid of the
1852, If the control is in the centre, the 1852 bias is low, the drop in its
plate resistor is high, and the bias on the 6F6's is also high., The excit-
ation to the amplidyne is very low (& minimum to be discussed later), and
the output voltage is not sufficient to drive the motor, If, however, the
control is moved, the bias on the 1852 is increased, its plate current is
reduced or cut off, the bias on the 6Fb6's drops or is removed entirely, and
the cxcitation supplied to the amplidyne is inereased, The increased out-
put voltage starts the motor and accelerates it rapidly, E(back) and
E(control) increase, reducing the bias on the 1852, and the whole system
settles down with a coertain bias on the 1852 which allows just enough excit-
ation to the amplidync to give in turn a certain motor speed =nd value of
B{control),
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The load compcnsating action
opcratos as follows., If the motor slows down due to an increased load (which
the regulation of the zenerator alone cannot deal with) E(back) and E(control)
tend to drop, the 1852 bias increases, the 6F6 bias decreases, more excite-
ation is applied to the amplidyne, more torque is secured from the driving
motor, and the system always tends to settle down in the conditions determined
by the sctting of the control potentiometer, 3imilar compensation takes place
if the motor spceds up under reduced load, The action occurs extremely
rapidly and, cxcept with exceedingly high wind velocities, cannot be noticed,

Variable speed is obtained by
moving the control wheel, The relation betwcen voltage taken from the poten-
tiometer (i.e, control wheel rotation) and speed of the array is shown in the
acconmpanying drawing, (REF, /299), It is seen to be nearly linear, The
units "knots ner 10,000 yards" are used for speed since they are the most
useful operationally, The highest speed available is 312 "knots per 10,000
yards" or 1 degroc/scc,, and the lowest usable speed is about 1 "knot per
10,000 yards",

(e) Amplidyne Unit - This consists of threec rotating machines on one shaft,
Al h,p., A;C. induction motor supplics power to the
unit, The starting circuit of this motor has been deliberately designed so
that it is necessary for the operator to be in the immediate vicinity of the
unit when he prcsscs the Start button, which actuates a hold-in relay,
He may then, in thoe case of trouble, stop thc unit at once by pressing the
Stop button, which is located beside the Start button, An exciter driven by
the induction motor supplics constant exeitation to the D,C, array motor
(122,5V D.C, and 1/5 amp,), The third machine is an amplidyne-type generator
(250V D,C, eud 2 arps,) which supplies armature voltage to the D,C, motor,

The special fcature of the amplidyne gencrator is the
low excitation rcquired to produce full output voltage, Currents of the order
of 20 ma, give full output from the genorator, and the ratio of controlled
to controlling powor is about one hundred timeshigher than for conventional
D.C, gencrators., The required excitation is easily sccured from an slectronic
device, and at thc samc time a relatively large series resistance can be placed
in the excitation circuit to reduce the delay in response to voltage changes,
which is causcd by the large inductance of the generator field,

(f) Reversc field of Amplidyne - Since the magnctic circuit of the amplidyne
tcnds to retain some residual magnetism,
and since this is rather more troublesomc than in conventional generators,
some current is passcd through a sccond ficld at all times in the opposite
sensc to the controlling current, This current of 2 na, is obtained from
the excitcr by means of a scrics resistance, Neglecting hysteresis, a fixed
instcad of a random flux is thus always pr.sent, and a certain current must
be supnlicd from thc rotation control amplificr to give a nct zero flux and
output voltage, This cncbles the minimum speed of the motor to be reached
before thc 6F6's are cut-off, i.c, at a point on the 6F6 characteristic where
control is still possiblc, In this way speeds so slow that the motor brushes
merely jerkced fron bar to bar of the commutator were obtained, and even a
"dynamic state of rost", wherc the system recsisted eny effort to turn the




motor shaft by hand in cither direction, was possible, In opcration,
however, a minimum voltage on the control potentiometer 1s selected where
the motor is -blc to turn smoothly,

(g) Bridgc Circuit - "Regulation Control" - The 10,000 ohm potentiometer

i on the rotation control amplifier is used to adjust ths
bridge balance, The previous description of the operation of this system
asswics a perfcctly balanced bridge, If the bridge is unbalanced towards Ra,
rcgulation is decrcased, If moved in the opposite direction, M“over-compen-
sation" occurs, and the opcration becomcs rather unstzble, even oscillatory,
As it is not desircble to have perfeet rcgulation sinee the mcchanical systemn
nay develop a fault, thc unit should be operated at a slightly "under-conpen-
sated" sctting, This is done in practice by backing the potentiometer away
fron the position where unstablc opcration just bscomes evident, In the
Osborne Hcad unit, regulstion increcascs with counter-clockwise rotation of
the control,

(h) Rotation Control Amplifier - NRC-RE-144 and NRC-RE-193 = Two VR-150

regulated power supplies are incorporated
in the unit, All torminals arc brought out through a 10-terminal block of
Jacks which fits into a similar bloek of plugs in the case provided for the
unit, A sct of pclarizcd test lcads is provided in order to facilitate
opcration of the unit away from its mounting for test purposes, lMetering
of all important quantities in the circuit has becn provided, Thc metering
date shown on NRC~RE-1l4J cre available on the cover of the unit along with
the usual rceadings to be expected,

The following should be noted:--

1, Mininun and naximum spced controls (Sec later - Voltagze Dividing
Circuit),

2+ The rcsistor-capacitor networks on the grid of the 1852 serve
scvcral purpeses., R, and the 0,35 12fd condenser determine the
tine of rcsponse of éhe unit and, as chosen, allow the grid to
rcspond sufficiently rapidly to any chenges of E(control) and
voltage from the control votentiometer, The 200,000 ohm resis-
tancc Rg, scrvcs to ground the grid if the control potentiometer
is disconnceted, and, along with R4 and the condenser, help
keep any A.C, currcents picked up by lead 46 off the 1852 grid,

3 R7 - 6500 ohns, This scrics resistor in the exeitation circuit
is choscn to give cxactly 20 ma, excitation current when thse
1852 is cut-off (or rcmoved from its socket), This is the max-
imun excitation which can be provided for the Amplidyne generator,

4y With only ons 6F6 operating, no current flows in the excitation
field on account of tho very high inductance of the field, since
only half-wave recctification is obtained in this case,

5 If the array motor stalls for any reason, full generator voltage
is applied to it and a current of 5 amps, is taken from the
amplidync generator,
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(i) Voltage Dividing Circuit - The -150 volt power supply is uscd for

sctting the spced-controlling bias on the 1852,

A renge of 2bout 90 volts is normally used for this purpose, The maximum
speed control, rcsistor Re, is 7500 ohms and is left Tixed at that value,
The minimum speed control”rhcostat R3 is adjusted as followss

(1)

Stop thc amplidyne unit and, with the control whesl on the azimuth
receiver sct in the ccntre of its rotation - relays open- and the
rotation control enplificr neter reading amplidyne execitation, adjust
the minimur, specd control to give 2 ma, excitation, This is just enough
to eaneel thc rcoversc cxcitation fed to the amvlidyne from the exciter,
Stert thc amplidync and turn the control wheel sufficiently far to
close the relars cnd to ronain in the necessary position to do so,

The minimun spceed eontrol should thon be rcad justed slightly to give
dcfinitely perccoptible wmovenent ¢f the vernicr azimuth selsyn, A

spoed of the order of 1/5° in onc minute is casily secn and is suffic-
iently slow for velocity tracking, Slower specds can be obtained, but
thc motor rotation tcnds to beeone jerky end in opcration the sctting
of a slower rate than this is a long and difficult proceeding,

Control Pancl Receiver B - REF #300 -

1, Specd controls - The spced control is a 50,000 ohm, General Radio
type 471A potcntiomcter, centre-tapped by the N,R.C. Shops, The
voltage takcn off this potentiometer inereases nsgatively with
rotction away from the centre and is linesr with respect to ret-
ation, The syrmectrical arrangement about the centre tap is
nceessary in order that zcro speed could be obtainsd in the eentre
of rotation and spced would increase as the wheel is turncd in
either direction from thc centre,

A single-pols, double-throw toggle-switch serves
as an Azimuth Ratc Limiter, In the low range, 10,000 ohms is added
in series with the potcntiometer =nd 1300 ohms in parallel, Thus
the lower tenth (9,3 volts or so) of normal high range of voltage
1s spread out over the whole potentiometer, In the hi range, the
10,000 ohm rcsistor is shorted out and the 1300 ohm Tcsistor opsned,
leaving the normel 90 volts or so across the notentiometer, NMaximun
spced on the high range is 312 knots/10,000 yards (1°/sec,) and on
the low range is 37,5 knots/10,000 yards (0,12°/sec,), The scale
provided on the control wheel is calibratcd in "knots per 10,000
yards", and applics to the slow speed ranges only, It will usually
be found accurate to within 2 "knots per 10,000 yards",

The Azimuth Increment push-buttons give the full
specd availeblc on whichever range is selected by the Rate Liniter,
The lead normally going to the varicble tap of the potentiometer is
rmoved to the top of the potentiomcter by one-half of the switch,
The other half of the switch determines the dirsction of rotation
as explained bclow,
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2, Dircectional Controls - On thc same shuaft as the potentiometer are
three cams opcrating micro-switchcs, only two of which are used in
the prescnt installation. One switch opens all relay circuits in
the centre of rotation giving a definite OFF position, The other
switch changes from one rclay circuit to the other while the first
switch is off, thus rcvorsing the dircetion of rotation as the
control wheel is turncd through the centre OFF position, The Az~
iruth Increrment buttons detcrmine the direction of rotation by
opening the circuit through the reversing micro-switch and energizing
the proper relay dircetion., Thus the Positive Incrcment (red)
button always produces positive rotation, rcgardlecss of the direction
set by the handwheel, and similarly a negative rotation always
rcsults fron pressing the minus (grcen) button, The Azimuth Stop
(white) button opens the encrgizing circuit to both relays and
operates exactly like the centre~off micro-switch, The opsrator nmay
thus stop tho array instantly at any position and regardless of the
rate sct,

(k) Relays and Limit Switches - Reversal of rotation of the array is secured
by two relays ganged mechanically so that
only one can closc at one time, Both may, however, be open together, giving
a definitc OFF position. At this time the motor armature is shorted in order
to wminimizc coasting of the array, Either relay circuit is selected by the
miero~switch and increment buttons described in connection with the Control
Panel, and with each relay circuit is associated another micro-switch in the
array itself which scrves as a limit switch, These limit switches are ar-
rangsed to allow only 320° or so of rotation, thereby preventing damage to the
concentric feecders, The motor is stoppcd by one relay opening as soon as the
"blind scctor" is reached, but it is only neccessary to reverse the hand wheel
control to gct out of this region, as the other limit switch is still closed,
In case either limit switeh fails to operate, another single micro-switch
opens both rclay circuits if thc blind scetor is entered to the extent of 2°,
If this occurs, « chcek should be made to detocrmine why the normal limit
switchcs failcd to opecrate, All switch leads arc available in the terminal
box for testing and for shorting out if the array does get too far into the
blind scctor, In this conuection it should be noted that, if the rotation
control amplificr fails whilc the amplidyne -nd relays are opcrating, it is
possible for thc array to "back" into the blind sector, since a slow speed

in the "wrong" dircction can be sccured from the reverse field of the
amplidyne gencrator,

If the Safety Limit switch opens, great care
should be uscd when getting away from the blind sector, Check all metered
gquantitics in the rotation control amplifier as the control wheel setting is
altered (rclay circuit opencd at fuse box), From the sclsyns dctermine if
array has entercd thc blind scector clockwise or counter-clockwise, If clock~
wise, rotatc control wheoel slightly counter-clockwise on low range, replace
fusc and join terminals 15 and 16, The array should nove counter-clockwise
out of the blind sector, It may also be necessary to join 16 to 18 as all
three switchecs open if the array is very far into the blind sector, After
normal opcration is rcsumed, remove all shorts, In the opposite case, i,e,
array has cntered countcr-clockwise, rotate control wheel clockwise and



II,

repeat as above except that if all three switches have opened, join 16
and 17 in addition to 15 and 16,

ELECTRICAL WIRING AT OSBORNL HEAD

() A.C, Wiring - NRC-RE-191 - The A,C, Supply for the whole C,D, instal-
lation comes to one large panel located in the transmitter
room, A switch near the building entrance is used to change from 220/110
volts, 60-cycle A,C, power lines to a 110-volt, 15 X,V.A, Diesel driven
generator, Two 30 amp, switches are located on the main panel, one to control
the oil heaters in the array rotation gear box, (temperature is kept above
4L5°F, by a thermostat located in the tower) and the other to supply lights
and A,C, power in the array, The 0il Heater switch should be left ON at all
times, A 60 amp, double-pole switch on the main panel controls the power
supplied to the fuse box, and through it, to 21l the remaining equipment,

The voltage regulators feeding the electronic equipment
can be adjusted for correct voltage, if the load is changed, by moving taps
located at one end of each unit,

(b) Special Cables - NRC=RE-191 - All timing pulse and signal leads etec,
betwsen components of the Radio installation are shown
in order to facilitate tracing and testing,

(c) Selsyn Connections - NRC-RE=97 -~ Azimuth readings from selsyns located
in the tower, and range readings from Receiver A

are fed to the tcrminal box by selsyn transmitters, Selsyn motors can be

connected at the terminal box as needed, As installed selsyn azimuth readings

are transferred to Recciver B for the use of the operator thers,

(d) Synchronous iotors and Telephones - NRC~-RE-190 - A three-wire telephone

circuit is available from Receiver B
to the tower in case adjustments are needed in the array, The synchronous
motors which are used in the beam-splitting method of determining azimuth are
all connected to the one fuse, The R,F, wobble switch is not separately
switehd but the D,C, wobble switch and the colour disec can be phased properly
in relation to it by swltches on the control panel of Receiver B,

(e) Array Control Interconnections - NRC~-RE-192; NRC-RE-193 - A functional
drawing from which the principle of

operation may be followed is provided in NRC-RE-193, The complete connections

between the units described carlier in this rcport are indicated in IIRC-RE-192,

HP R, S, Rettie
H.HQ Rugg
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