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_ 1
This invention relates in general to electrical
. systems for transmitting angular ‘motion ‘which

include g transmitter unit and one or more re-
peater units, and in particular to such a system
in combination with radio direction finders: This
application is a division of my copending appli-
cation, Serial No. 535,529, filed 13 May 1044,

A well known type of such a system includes

transmitter and repeater units which are usually

alike and each comprises a single-circuit fleld
winding and s polycircuit armature winding, one
of which constitutes a stationary element known
as the stetor and the. other a movable element
known as the rotor. The field windings of the
transmitter and repeater are excited from a suit-
sble source of alternating current and the re-
spective armature windings are connected to-
gether.

These systems are used for many purposes and,
under normal conditions, the repeater unit will
follow the transmitter unit faithfully. In other
words, motion of the transmitter through a 30°
angle will cause the repeater to also move through
g 30° angle in the same direction, and so on.

In some angular motion transmission systems,
it is desired not to have the repeater follow the
transmitter degree for degree. For example, in
a remote-reading compass system such as
described in my.above-mentioned copending ap-

plcation, Serial No. 535,529 it is desirable to in~ :

troduce g correction for well-known compass
errors, .

Likewise
such as used in ordnance for target designation,
the transmitted direction must be modified to
allow for horizontal and for vertical parallax be-
fore the gun, range finder, or searchlight will
poing at the target being designated by the lo-
cater instrument. Such a compensating system
for correcting parallax error is described and
claimed in my copending application, Serial No.
653,922, filed 12 March, 1946, which is likewise
s division of copending application, Serial No.
535,529, filed 13 May 1944. - :

Similarly, in radio direction finders there ex-
ists an error that resembles a deviation error
found in the compass art and that is, in fact,
called a deviation error. This error can he cor-
rected, compensated for, or removed so as to pro-

vide a direction indication that is approximately

true.

It is an object of this invention, therefore, to
provide s novel electrical apparatus for use in
self-synchronous direction transmitting systems
on radio-direction finders to compensate for er-
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rors therein wherein the repeater unit will indi-
cate true radio direction rather than the direc-
tion of the antenna loop. .
Purther objects and advantages of this inven-
tion, as well as its construction, arrangement
and operation, will be apparent from the follow-
ing description and claims in connection with
the accoripanying drawing, in which
~ Pig. 1 is a diagrammatic illustration showing
one embodiment of the invention as applied to

a radio direction finder.
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Fig. 2 shows a quadrantal deviation curve and.
correction curve therefor of a type that may be
present in certain installations of a direction
finder as shown in Fig. 1.

PFig. 3 shows a further arrangement for produc-
ing & quadrantal correction curve such as shown
in Fig. 2.

The radio direction finder is a device used ex-
tensively in surface and air navigation to deter-
mine the bearing of a transmitting radio station
from the ship or plane. In its simpler form it
consists essentially of a rotatable loop antenna
that can be turned in azimuth by the operator.
The loop anrenna is connected into a radio-fre-
guency receiving set S0 as to provide an output
signal which, by properly turning the antenna
can be varied so as to produce a more or less
sharp maximum or minimum indication. When
the minimum signal has been obtained, the rela-
tive bearing of the signal station can be deter-
mined by referring the position in azimuth of
the antenna to & scale fixed in the ship or plane;
and the true bearing can be obtained by referring

5 the antenna direction to a scale fixed in space

about a north and south line in a horizental
plane, such as a repeater compass operated by a
gyro compass. v

Due to the effects of the ship’s structure, fun-
nels, masts, hand rails, radio antenna, etec., the
indications of the radio direction finder are fre-
quently in error by an amount that can be ac-
curately determined for a given ship and trans-
mitter frequency by a method of calibration in
wide use. When the errors obtained by calibra-
tion are plotted as ordinates against the indicated
direction as. abscissae, & curve is obtained.
Calibration curves of ships vary in amplitude and
frequency but the guadrantal one illustrated in
Fig. 2 is typical of curves that may be obtained.

As shown in the drawing in detail, and par-

- ticularly in Fig. 1, the direction-finder system

includes an antenna loop 0, supported by a
shaft 12, the latter being mounted for rotation
by its vertical axis by any suitable journal means

[
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3
not shown. A handwheel {4 may be used for
turning the shaft (2 and loop 10. The rotor ele-
ment {8a of a self-synchronous .transmitter,
generally designated as {8, rotates with the shaft
{2 and the Instant bearing of the loop 10 may
also, if desired, be indicated by pointer 20 on a
dial 22, ’

The transmitter unit I8 consists of a single-
eircuit fleld winding or rotor element 18a, and a
stationary Y connected polycircuit armature
winding 18b, the three components of this latter
winding being tapped at 120° points. Alter-
natively, the field and armature winding may be
reversed, i. e., the armature winding may be the
rotatable element and the fleld winding the sta-
tionary element,

A repeater unit 24, similar to transmitter unit
{8, and likewise including a rotatable field wind-
ing 24a and a stationary polycircuit armature
winding 24b, has its polycircuit armature wind-
ing electrically connected to the corresponding
winding of transmitter I8 by conductors 26, 28
and 30. The rotatable fleld winding of the
transmitter and repeater are connected by con-
ductors 32 and 34 and to a suitable source of A. C.
An indicator 36 is connected to the rotatable fleld
24a by means of a shaft 38, '

In the normal operation of a self-synchronous
direction-transmitting system, the rotatable ele-
ment of the transmitter and repeater units are
maintained in a synchronous relationship so that
any angular displacement in the transmitter unit
affects an equal angular movement in the repeat-
er unit. However, In the described system, syn-
chronous operation between the transmitter and
repeater is not desired. Instead, it 1s desired that
such a cyclic asynchronous relationship be pro-
vided as to compensate for deviation error so that

the repeater unit will indicate substantially cor-

rect bearing of the transmitting radio station.
In order that the repeater unit may indicate the
correct bearing in, for example, the case shown
in Fig. 2, wherein the solid line indicates devia-
tion error for each bearing through 360°, it is
necessary that a cyclic asynchronous relationship
equal and opposite the value of the deviation
error he maintained between the transmitter and
repeater units. The value of this desired asyn-
chronism for each point through 360° is indicated
by the dotted line in Fig. 2.

In accordance with this invention, the neces-
sary correction is applied electrically between the
transmitter and repeater units by means of a cor-
rection device connected into the three conduc-
tors that couple the armature windings of the
transmitter and repeater units.

In particular, the correction device comprises
a transformer 40, which may be a unit similar to
repeater and transmitter units 18 and 24 and
which includes a rotatably adjustable primary
winding 48a and a secondary winding 40b. A
handwheel 41 is provided for adjusting the
angular position of the primary winding 40a.
Conductors 42, 44 and 48 connect the three com-
ponents of the secondary winding 40b to the con-
nections between the armature windings of the
transmitter and repeater units through series
connected rheostats 48, 50 and 52,

Excitation for the primary #0a of the trans-.

- former 40 is obtained from an A. C. source of
sultable frequency through a rheostat 54. This

10

18

20

25

80

35

40

4.
may be provided for varying the resistance of
rheostat 54.

In operation, the pointer 20 of dial 22 indi-
cates the actual bearing of the antenna loop 0.
In a direct-reading radio direction gystem, in or-
der to determine the true radio direction this
reading would be corrected by determining the
deviation error from the curve in solid line in Fig.
2 and by then applying a correction of opposite
sign. :

However, in the installation -shown in Fig. 1,
the direction and movement of the antenna loop
10 are transmitted by the self-synchronous unit
18 to the repeater 24 located remotely from the
antenna mechanism. B8ince the calibration or
deviation curve shown in solid line in PFig. 2 is
quadrantal in nature, correction voltages that
produce a quadrantal curve opposite in sign, such
as, the curve shown in broken line in Fig. 2 are
necessary. One way that this is accomplished
in accordance with this invention is by setting the
primary 40a of the correction transformer 49 to &
desired position by turning handwheel 4f and/or
adjusting the resistances 48, 8506, 82 and Sd.
When thus adjusted, the correction transformer
40 develops voltages at the free terminals of the
winding 40b that set up circulating currents in
the winding 18b of the transmitter 18 inasmuch
as the rotor (8a is not free to orientate itself to
minimize such currents. Substantially no such
circulating currents are set up {n the winding 24b
of repeater 24, since its rotor 24a is normally free
to rotate, and can thus orientate itself to mini-
mize such currents.

The circulating currents in the winding [8b
produce voltage changes therein that tend to
alter the voltages that would normally be de-
veloped at the free terminals of said winding 18b
in response to displacement of rotor {8a. The
magnitude and sense of the voltage alterations
thus produced depend on the magnitude and di-
rection of the circulating currents, which, in
turn, are functionally related to the instant po-

" sition of the rotor #8g relative to that of the rotor
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i18a. -
The altered terminal voltages of winding (8b
are transmitted to the winding 24b of the repeat- -
er 24 and cause rotation of the winding 24a to a
position corresponding to an equilibrium condi-
tion depending on the altered voltages instead of
the normal voltages at the transmitter (8.

It will thus be understood that, as the trans-
mitter rotor (8a rotates through one complete
revolution, the repeater rotor 24a responds to the
altered values of the voltages at winding I8b, and
is in step with the transmitter rotor 18a only at
certain positions, while at all other positions in
the cycle, the repeater rotor 24a either leads or
lags the transmitter rotor by angles depending orn:
the angular deviation between the positions ¢
the transmitter and correction transformer
rotors.

Changing the angular position of the primary
winding 40a affects the phase and frequency of
the correction curve as shown in Fig. 2, while a
change in the values of the resistances varies the

- amplitude and also affects the phase and fre-

' .‘quency of the correction curve.
-ments may be made to compensate the system
in accordance with deviation curves other than

70

source also supplies the exciting current to ro- ..

tatable field windings 18a and 24g of the trans-
mitter and repeater units, respectively, through
conductors 58 and §8. A hand-setting arm $0

Thus, adjust-

that shown in Fig. 2. For example, by proper

-adjustment of the series resistances 54, 48, 80 and

82 correction curves can be obtained which re-

* peat only once per cycle, as the remote-reading-

76

compass-deviation correction curve illustrated in
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my aforementioned parent application, Serial No.
535,529, filed 13 May 1944,

‘Another means for producing quadrantal cor-
rection curves is by causing the primary of the
corrector transformer 80 to rotate relative to the
secondary of this transformer as & function of
the rotation of the transmitter {8. This arrange-
ment may be afiected through & suitable. trans-
mission 62 between the two rotor elements, as
shown in Fig. 3, which drives-the rotor element
48g of corrector transformer 40 at & one-to-one
ratio with the rotor element i8a of transmitter
16, but in an opposite direction. In Fig. 8, for
the purpose of simplicity of {llustration, the
transmitter 8, repeater 28, and correction
transformer 48 are shown in block form.

Curve shapes and frequencies other than quad-
rantal can be obtained from the arrangement
shown in Fig. 3 by changing the ratio of rotation
of the rotors of transmitter {8 and correction
trensformer 40 and their relative directions of
rotation.

it is to be understood that various modifica-
tions and changes can be made in this invention
without departing from the spirit and scope
thereof as set forth in the appended claims.

The invention described herein may be manu-
factured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalties
thereon or therefor.

What is claimed is:

1. In a radio direction-finder system subject
to a cyclic deviation error characterized by pre-
determined values of amplitude, phase and fre-
guency and including rotatable directionsl! an-
-tenns means and a radio -direction indicator, &
direction transmission system comprising trans-
mitter and repeater units, means conductively
connecting said transmitter and repeater units,
said transmitter unit being coupled to said an-
tenna means and said repeater unit being coup-
led to sald direction indicator, whereby said
direction indicetor is normally movable in syn-
chronism with said antenna means to indicate
the instant bearing of said antenna means, and
mesns conductively connected in parallel with
said conductive connecting means for producing
e cyclic asynchronous relationship between said
units of an amplitude, phase, and frequency
substantially equal and opposite to said deviation
error, whereby said direction indicator will indi-~
cate substantially correct radio direction.

2. In & radio direction-finder system including
rotatable directional antenns means and & radio
direction indicator, a direction transmission sys-
. tem comprising a transmitter unit having rela-
tively movable armature and field elements one
- of which is coupled to sald antenna meens, a
repeater unit having relatively movable arma-
ture and field elements one of which is coupled
to said direction indicator, electrical connections
between the armature elements of said units,
mesns for energizing the field elements of sald
units whereby the repeater unit normally fol-
lows motion of the transmitter unit, and means
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direction indicator, a direction transmission sys-
tem comprising a transmitter unit having rela-
tively movable armature and fleld elements one
of which is coupled to said antenna means, &
repeater unit having relatively movable armature
and field elements one of which is coupled to said -
direction indicator, electrical connections be-
tween the armature elements of said units,
means for energizing the field elements of said’
units whereby the repeater unit normally fol-
lows motion of the transmitter unit, means for
producing . deviation correction voltages which
vary with the bearing of said antenna means, and
means combining said correction voltage with
the voltages between the armature elements of
said transmitter and repeater units, whereby said

indicator will indicate substantially correct radio

" direction.
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4. In 8 radio direction finder system including
rotatable directional antenna means and a radio
direction indicator, s direction transmission sys-
tem comprising a transmitter unit having rela-
tively movable armature and fleld elements one
of which is coupled to sald antenns megns, &
repeater unit having relatively movable armature
and fleld elements one of which is coupled to said
direction indicator, electrical connections be-

" tween the armature elements of said units, means

30

for energizing the field elements of said units
whereby the repeater unit would normally follow

motion of the transmitter unit, and deviation

35

correction means comprising & transformer hav-
ing relatively movable primary and secondary
elements, said primary element being energizable
with said fleld elements, and means combining

" the secondary voltage output of said transformer
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with the voltages between the armature elements
of sald transmitter and repeater units, whereby
said direction indicator will indicate substantially
correct radio direction.

5. In & radio direction finder system Including
rotatable directional antenna means and & radio
direction indicator, a direction transmission
system comprising a transmitter unit having
relatively movable armature and fleld elements
one of which is coupled to said antenna means,
a repeater unit having relatively movable armea-
ture and fleld elements one of which is coupled
to sald direction indicator, electrical connectlons
between , the armature elements of said units,

means for energizing the fleld elements of said
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units whereby the repeater unit would normally
follow motion of the transmitter unit, and de-
viation correction means comprising a trans-
former having relatively movable primary and
secondary elements, sald primary element being
energizable with sald fleld -elements, means - for
adjusting the output voltage of said transformer,
and mesns combining the secondary voltage out-
put of sald transformer with the voltages hetween
the armature elements of said transmitter and

. repeater units, whereby said direction indicator
“will indicate substantially correct direction. .

86

for modifying the voltages between the armature .
of said repeating device and the armature ‘of -

said transmitting device as a function of the
angular position of said antenna means to cor-
rect for deviation error whereby said direction
indicator will indicate substantially correct radio
direction. o
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6. In a radio direction finder system including °
rotatable directional antenna means and a radio
direction indicator, & direction transmission sys-
tem comprising 8 transmitter unit having rela-

tively movable armature and fleld elements one

of which is coupled to said antenna means, &
repeater unit having relatively movable arma-

. ture and fleld elements one of which is coupled
to said direction indicator, electrical connections

3. In a radio direction finder system including -

rotatable directional antenna means and & radio

78

between the armature elements of said units,
means for energizing the field elements of said
units whereby the repeater unit would normally
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follow motfon of the transmitter unit, and de-
viation correction means comprising a trans-
former having relatively movable primary and
secondary elements, means for driving said pri-
mary element in fixed relation with said movable
element of sald transmitter unit, and means
combining the secondary voltage output of said
transformer with the voltages between the arma-
ture elements of sald transmitter and repeater
units, whereby the said direction indicator will
indicate substantially correct radio direction.

7. The system &s in claim 6 wherein said driv-
ing means comprises mechanical transmission
means interconnecting the movable elements of
sald transmitter unit and s=aid transformer.

8. In a radio direction finder system subject
to & deviation error and -including rotatable
directional entenna meens and a radio direction
indicator, a direction transmission system com-
prising electrically connected transmitter and
repeater units, said transmitter unit being con-
nected to sald antenna means and said repeater
unit being connected to said radio direction In-
dicator, whereby sald direction indicator nor-
mally synchronously indicates the direction in
which said radlo antenna is pointing, means
electrically connected between sald transmitter
and repeater units for producing a cyclic asyn-
chronous relationship between said units of an
amplitude, phase and frequency  substantially
equal and opposite to the deviation error whereby
sald radie direction indicator will indicate sub-
stantially correct radio bearing, said last means
comprising a transformer having relatively mov-
able primary and secondary elements, and means
for combining the secondary voltage output of
said transformer, with the voltages between said
transmitter and repeater units.

9. In a radio direction finder system subject to
a deviation error and including rotatable direc-
tional antenna means and a radio direction indi-
cator, a direction transmission system compris-
ing a transmitter unit having relatively movable
armature and field elements one of which is
coupled to said antenna means, a repeater unit
having relatively movable armature and fleld
elements one of which is coupled to said direction
indicator, electrical connections between the
armature elements of said units, means for ener-

gizing the fleld elements of said units whereby :

the repeater unit normally synchronously follows
the motion of the transmitter unit, and means
for producing e cyclic asynchronous relationship
between said transmitter and repeater units of
a phase, frequency and amplitude substantially
equal and opposite to deviation error whereby said
direction indicator will indicate substantially cor-
rect radio direction, said last means comprising
a transformer having a rotor element adapted to
be maintalned in predetermined fixed position
relative to the transmitter fleld element, means
for energizing said rotor from a common source
with that energizing the fleld elements of said
transmitter and repeater units and means com-
bining the secondary voltage output of said trans-
former with the voltages between the armatures
of gald transmitter and repeater units,

10. In a radio direction finder system subject
to a deviation error and including rotatable di-
rectional antenna means and a radio direction in-
dicator, a direction transmission system compris-
ing & transmitting unit having a single circuit
fleld winding rotatable with said antenna means
and a stationary “Y"” connected polycircuit arma-
ture winding, a repeater unit having similar field
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and armature windings the rotatable fleld of
which is coupled to sald direction indicator, elec-
trical connections between the corresponding
polyphase armature windings of said units, means
for energizing the fleld windings of said units
whereby the repeater unit normally synchro-
nously follows the motion of the transmitter unit,
and means for producing a cyclic asynchronous
relationship between said transmitter and re-
peater to correct deviation error whereby said
directfon ' indicator - will indicate substantially
correct radio direction, said last means compris-
ing a transformer unit similar to said transmitter
and repeater units' having a single circuit pri-
mary and a polycircuit secondary, means for ad-
justing sald primary to a predetermined angular
bosition, electrical connections connecting said
transformer primary in parallel with the fleld
windings of said transmitter and repeater units,
electrical connections connecting each compo-
nent of said secondary to the corresponding con-
nections between the armature windings of said
repeater and transmitter, a variable resistance
in series circuit with sald transformer primary,
and a variable resistance in serles circuit with
each component of said transformer secondary.

11. Apparatus of the character described, com-
prising means for generating a signal, a movable
anténna, a motion-translating device having
data-transmitting and data-repeating elements
and an electrical connection defining a data-
transmitting channel between said data-trans-
mitting and data-repeating elements, said data-
transmitting element being coupled to said an-

3 tenna to transmit positional data therefrom to

said repeating element, and means conductively
connegting said signal-generating means to said
datastransmitting channel.

12. Apparatus of the character described, com-
prising meens for generating an electric signal,
a rotatable antenna, a motion-translating device
having data-transmitting and data-repeating
elements and an electrical connection therebe-
tween, sald data-transmitting element being
coupled to sald antenna to transmit positional
data therefrom to sald repeating element, and
means including variable resistances conductively
connecting said signal-generating means to said
data-transmitting channel in shunt with said
transmitiing and repeating elements, said con-
necting means defining with said transmitting
element and said generating means a closed loop
wherein circulating currents are set up.

13. In a radio direction finder system includ-
ing rotatable directional antenna means and a
radio direction indicator, a direction transmission
system comprising a transmitter unit having rela-
tively movable armature and fleld elements one
of which is coupled to said antenna means, a re-
peater unit having relatively movable armature
and fleld elements one of which is coupled to said
direction indicator, electrical connections be-
tween the armature elements of said units, means
for energizing the fleld elements of said units
whereby the repeater unit normally follows the
motion of the transmitter unit, means for pro-
ducing a deviation correction voltage that varies

~ with the bearing of said antenna means, and
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means combining said correction voltage with
the voltage output from the armature element of
said transmitter unit, whereby said indicator will
indicate the correct radio direction.

THOMAS O. McCARTHY.

{References on following page)
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