2,919,440

YILLINSNYYL

—~—
r e —_
l
+

J. F. MCLAUGHLIN
ANTENNA FEED SELECTOR SYSTEM
Filed April 10, 1953

Dec. 29, 1959

INVENTOR.

Jorn F MclpueHiin

BY

ATTORNEYS

Hee J /ﬁwléfay%

_
BORA aontran vom —
an- 3 \6\“
00/ noyssmoum Aleds, H
Loy Y
\Q\\ 90/ | \QQ\ . \\\ | _|||l
YANFINY [ m;qo‘hf 1 vwwvaenw w%W§QWI
Y023 135 MO oh 02
¥
! - . T 22 %>
m e v
_III.IL + | NV\ s *p2
4 | #
“ oy Ly
v rTee
Ol I P |
607 57 E . il , p | sownos

£ | mm._ 7 ¥IMOS
NVV.“.- ] _ : 1 Mﬁ\a 62 v




United States Patent Office

2,919,440
FPatented Dec. 29, 1959

1

2,919,440
ANTENNA FEED SELECTOR SYSTEM
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resented by the Secretary of the Navy

Application April 10, 1953, Serial No. 347,904
12 Claims. (CL 343—100)

This invention relates to control circuits and more par-
ticularly to an electric circuit adapted to control a mech-
anism located between a main input feed means and a
plurality of branch feed means the said mechanism being
adapted to selectively join the input feed means to one
of the branch feed means.

In radar systems used aboard ship it has been found
that a suitable antenna arrangement includes a plurality
of separate antennas any one of which may radiate the
high frequency energy pulses generated by the radar
transmitter. Each of the separate antenmas is designed
to radiate the energy in a predetermined area and range
battern, the radiation patterns of the plurality of antennas
combined providing ample detection coverage. The pre-
ferred embodiment of the invention disicosed is an elec-
trical control system for switching the energy ocutput of
the radar transmitter between either of two antennas, one
of which is designed for surface search and the other for
zenith search.

An object of this invention is to provide a system ar-
ranged to control the continuity between an input energy
conduit and any one of a plurality of branch conduits or
any one of a plurality of energy utilizing means.

A further object is to provide a system adapted to selec-
tively complete the continuity between an input energy
conduit and any one of a plurality of energy utilizing
means and to discontinue the energy feed during the
period that the continuity is broken.

A further object is to provide a system adapted to con-
trol the coupling of a radar transmitter waveguide to
either of two antennas and additionally arranged to dis-
continue the generation of high frequency energy pulses
during the period of decoupling.

Other objects and many of the attendant advantages of
this invention will be readily appreciated as the same be-
comes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawing wherein:

The single figure is a circuit diagram of a preferred
embodiment of the control system of this invention.

The control system is energized from two separate
power sources 10 and 11. The source 10 supplies the
energy needed to operate the radiation control relay 12
which relay includes contactors 13, 14, 15 and 16. The
circuit joining the source 10 to relay 12 includes among
other elements three normally closed manually operable
switches 17, 18 and 19. The switches 17 and 18 are con-
veniently located to terminate radiation when desired.
Switch 19 may be a safety cutoff switch such as may be
found adjacent the door of a chassis cabinet. Any con-
venient number of these switches may be incorporated
into the circuit. The contactor 21 and stationary contact
22 are also in the circuit of relay 12. During normal
operation with either the zenith antenna or the surface
antenna coupled to the transmitter waveguide the inter-
mediate relay 20 is deenergized. The latter will become
evident as the description proceeds. When the relay 26
is deenergized the contactor 21 and the stationary con-
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tact 22 are engaged and are in the energizing circuit of
relay 12, )

The further relay 23 has two separate energizing coils
24 and 25. The coil 24 is connected in series with the
magnetron 169 and therefore during normal operation of
the associated radar equipment the coil 24 is energized
retaining the contactor 26 in engagement with the fixed
contact 27.

Under the operating conditions described the coil of
relay 12 is connected across power source 10 by lead 28
which connects one side of power supply 10 to one side
of the coil of relay 12 and by a second lead 29 having
normally closed switch 17 which lead is electrically con-
nected to lead 30 through contacts 2% and 22, the lead 30
having normally closed switch 18, and through the lead
31 having the closed relay contacts 26 and 27 to the other
side of the coil of relay 12 through normally closed
switch 19.

If the circuit is undisturbed the relay 12 remains ener-
gized and its contactors 13, 14, 15 and 16 occupy the
positions shown on the drawing. The purpose of con-
tactor 13 will be subsequently described. The contactors
15 and 16 contro]l the application of high voltage from
high voltage supply 102 to the magnetron 169. When
contactors 15 and 16 are engaged with their correspond-
ing stationary contacts the high anode-cathode voltage for
the magnetron 169 is turnied on and when they are dis-
engaged the high voltage for the magnetron 100 is turned
off. The contactor 14 controls the filament supply 104
for the magnetron 109. In the position of the contactor
14 shown on the drawing, reduced heater voltage is pro-
vided by the filament supply 104; the magnetron cathode
is kept hot by bombardment during operation. When the
high voltage supply 102 is turned off that is, when con-
tactors 13, 14, 15, and 16 are in their raised positions,
enough heater voltage is provided by the filament supply
104 to maintain the magnetron 190 in standby condition.
When the high voltage supply 162 for the magnetron is
turned on, radiation is turned on and when the high volt-
age supply 102 is turned off, radiation is turned off.

Radiation may be terminated at any time by actuation
of either of the manual switches 17 and 18 since either
switch when actuated decouples the relay 12 from the
power source 1¢ permitting the relay 12 to become de-
energized. Immediately after the relay 12 is deenergized
the magnetron current drops to zero because high voltage
supply 192 is shut off when contactors 15 and 16 become
disengaged from their stationary contacts. The relay 23
is designed for delayed opening of its contactor 26 in any
manner well known in the art. - Since the coil 24 is con-
nected in series with the magnetron 168, the coil 24 is
deenergized when the magnetron current flow ceases; a
predetermined time interval after current flow. through
coil 24 ceases the contactor 26 is permitted to become
disengaged from contact 27.

The member 32 is an interlock switch which is adapted
to be coordinated with an associated part of the radar
equipment. The interlock switch 32 is in series with the
normally open switch 33. The normally open switch 34
is connected in shunt with the combination of the inter-
Jock switch 32 and the normally open switch 33. When
the radiation is turned off closing the switch 33 will initi-
ate radiation assuming the necessary conditions are exist-
ent for the interlock switch 32 to be in closed circuit
position. In the event that it is necessary to initiate radia-
tion regardless of the position of the interlock switch 32
the switch 34 may be actuated. Even though either of
the switches 33 and 34 are only momentarily actuated,
the radiation stays on because the magnetron current
passing through coil 24 causes the latter to close the con-
tacts 26 and 27. Contacts 26 and 27 connect the relay
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12 across the power source 10 .in the manner previously
described.

Microwave energy genprated in the magnetron 160 is
channeled to selector valve 106. - The selector valve 106
is adapted to occupy one position where it transfers the
microwave energy to antenna 168 and is adapted to oc-
cupy another position where it transfers the microwave

energy to antenna 118.

A triple-pole double-tlirow manually 0pe1ab1e sw1tf‘h
35 controls the switchover from one antenna to the other.
With the switch 35 in position as showa the selector valve
165 occupies the positions where it channels microwave
energy from the magnetron 100 to the surface antenna
168 and the indicator lamp 51 is lighted. The lamp 51 is
connected in series with the switch 4@ across the power
source 11.

The switch 35 comprises three coutactors 37, 38, and

39. - The contactors 38 and 39 and their correspondmg
stationary contacts constitute a polarity reversing switch
in series with power source 11. When the switch 35 is
thrown from the S to the Z position the relay 2@ is emer-
gized. The coil of relay 29 is connected to one side of
source 11 through contactor 3% in circuit with lead 43
and to the other side of source 11 through the lead 44,
the contactor 37 in Z position in circuit with the switch
40 as shown and the contactor 38 in its other position than
shown. As the relay 26 is energized the relay 12 is de-
energized due to the separation of contacts 21 and 22.
When relay 12 is desnergized its contactors 13 through
16 assume their other positions as previously described
in which position radiation ceases. It is to be noted that
the contactor 13 in circuit with motor armature 45 does
not close until contactors 15 and 16 are in open position
wherein radiation ceases. This feature prevents damage
resulting from R.F. arcing due to switching the antenna
selector valve while the transmitter is supplying the high
frequency energy.
" As soon as the relay 20 is energized and its contactors
have moved to their raised positions the relay 46 whose
contactors 47 and 48 are subject to the delayed release
feature is connected in parallel with relay 20 whereby .it
also is energized from source 11. In rapid sequence the
coil 25 of the holding relay 23 is likewise connected across
supply 11 through contactors 47 and 48. By this means
the holding relay 23 retains the contacts 26 and 27 in
engagement. Because relay 23 has a delayed opening,
contactor 26 will remain in engagement with contact 27
between the time coil 24 is deenergized and coil 25 is
energized. Relay 12 remains deenergized due to the
separation of contactor 21 from contact 22.

The plurality of contactors of relay 12 -assume their
new positions substantially instantly after the switch 35
is thrown to its other posxtlon The motor armature 45
begins to rotate since it-is put in circuit with supply 11

- by _contactor 13. The motor field coil 49 is continuously
connected across supply 11. Closure of the motor circuit
by contactor 13 actually puts the armature 45 in parallel
with relay 298.

The selector valve 106 is linked to the motor armature
45 by means of any suitable coupling- arrangement that
can function to accurately position the valve in either of
its two positions. There can be used a Geneva wheel
and cam preferably of the type disclosed in U.S. Patent
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transmitter is coupled to the zenith antenna 110, switches
40 and 42 are depressed.

On the drawing the contactors of switches 49 and 41
are over to the left and the contactor of switch 42 is in
raised position during the period of motor rotation. As
soon as the valve approaches its other end position one
of the switches 40 or 41 is depressed depending on
whether ‘the valve is. rotated into surface or zenith posi-
tion and shortly after this and just before the motor shaft
reaches the end of its travel, switch 42 is depressed. In
its released position switch 42 serves to by-pass either
switch 48 or-41 and to maintain the circuit to relay 20

- through leads 3¢ and 44 in the intefval from that moment
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when switches 48 for zenith or 41 for surface are released
to. the moment when switch-42 is depressed. (This in-
terval is necessary so that the motor shaft may continue
fo turn after the switches 48 or 41 have been depressed
in order to properly lock the Geneva cam and wheel.)
Switch. 42 serves to close a shorting path across the motor
armature of 45 to produce dynamic braking.-

During the period of motor rotation switch contactor
42 is in raised position- and as previously explained the
contactor 13 is in closed circuit position whereby the
motor armature 45 is directly across the power source 11,
This is true for both positions of switch 35. :

In operatlon when the radar is radlatmg and the selec-
tor valve is on surface search, the circuit is as follows:
(1) ‘Switches 41 and 42 are depressed by their cams.

(2) Switch 49 is released. .

(3) Radiation relay 12 1s enervlzed and its contactor
13 is.in open posmon

(4) Relay 29 is non—enerfuzed and its contacts 21 and
22 are closed. The other set of contacts are open, de-
energizing relay 46 and the holding winding 25 of
relay 23.

(5) Surface indicator lamp 51 is glowing, its voltage
being supplied as follows: one side of source 11 through
contactor 39, the other side of supply 11 through con-
tactor 38 and switch 49.

(6) Zenith indicator lamp 36 is not glowing, being
connected to only one lead of the source 11.

(7)- The motor armature 45 is shorted through the
contactors 42, 4% and 37.

When the switch 35 is thrown from S to Z, the sequence
of the circuit actions is as follows:

(1) Surface indicator lamp 51 continues to” glow.

(2) Relay 29 is connected to supply 11 through lead
43 in circuit with contactor 3% on one side and lead 44
in circuit with contactor 38 -and thence through the con-
tactors 40 and 37 to the other side of relay 2¢. Its
contacts 21 and 22, which control relay 12, open: . The
second set of contacts on relay 20 are clos'ed energizing

- relay 46 which in turn energizes the holding winding of
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#2,798,208 of July 2, 1957. The Geneva wheel would -

be coupled to the selector valve 186 and the Geneva cam
would be coupled to the motor armature 45. “ The switches
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40 and 431 are.operated by one cam 112 which is rotata- -

ble with the selector valve 186 while the switch 42 is
cperated by a cam 114 which is coupled to the motor
armature 45. The switch operating cams are so designed
that none of the switches are depressed during rotation
of the selector valve. ‘When the valve is in the position
for coupling the transmitter 112 to the surface antenna
103, switches 41 and 42 are depressed, whereas when the
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relay 23, which is holding on delayed release, and' main-
tains the shunt 26, 27 across the switches 32, 33 and 34.
The contacts 26 and 27 are shunted by a resistor con-
denser combination to extend their period-of usefulness
in the manner well known in the art.

(3). After the brief interval required for relay 12 to
open, this relay is completely deenergized, shutting down
the radiation by turning off the high voltage and closing
contactor 13 and its mating contact. '

(4) -The motor armature 45 is connected to power
source 11 and rotates selector valve 106. One side of the
motor armature 45 is coupled to supply 11 through the
lead 43 in circuit with contactors 39 and 13. The other
side of the motor is coupled to supply 11 through lead
59 -in circuit with contactors 37 and 40 and thence
through contactor 38 to lead 44a.

(5) "As the motor 45 begins to rotate the switches 41
and 42 are released in order, the switch 40 already hav-
ing been released.

Zenith indicator lamp 36 begms to. gIow and surface
indicator lamp 51 continues to glow.
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(6) When the switch 42 is released its contactor opens
an additional path from one side of the motor to the
supply 11. The motor continues to rotate.

(7) When the associated Geneva wheel (not shown)
completes the partial rotation for which it is designed,
one switch cam depresses switch 40 and as the Geneva
cam (also not shown) completes its rotation switch 42
is depressed by the other switch cam. Switch 41 remains
released. Surface indicator lamp 51 will go out as switch
42 is depressed and breaks its released position circuit.

(8) The motor stops abruptly since dynamic braking
is applied by shorting the armature through contactors
42, 49 and 37.

(9) Zenith indicator lamp 36 remains glowing since it
has one side connected to ome lead 43 of the supply
through contactor 39, and its other side connected to the
other lead 444 through contactor 38 and switch 41.

(10) Simultaneously with step (7), both sides of
‘relay 29 are connected to one side of the power source
11, and since there is no potential difference across its
winding, the relay is deenergized. In parallel with relay
29 is relay 46, but due to the delayed-release feature of
relay 46, the holding coil of relay 23 remains energized
for a further short period of time and maintains the
shunt across the switches 32, 33, and 34. The deenergiz-
ing of relay 20 permits contacts 21 and 22 to close, re-
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energizing relay 12, and radiation commences again. *

Maguetron current builds up in the undercurrent winding
24 of relay 23 in sufficient time to keep contactor 26 en-
gaged with contact 27. When the time lag of relay 46
has elapsed, its contacts open and the holding coil of
relay 23 is deenergized. - The radar is now operating on
zenith search.

When the radar is radiating and the selector valve is
on zenith search, the circuit is as follows:

(1) Switches 40 and 42 are depressed.

~(2) Switch 41 is released.

(3) Radiation relay 12 is energized and its contactor
13 is in open position.

(4) Relay 29 is non-energized and its contacts 21 and
22 are closed.

(5) The zenith indicator lamp 36 is glowing, its volt-
age being supplied as follows: the lead 43 from supply
11 through contactor 38 and thence through switch 41
in the released position.

(6) The surface indicator lamp 51 is not glowing hav-
ing only one side connected to source 11 and being
shorted by the coil of relay 28 by way of lead 44 and
contactor 37 in the Z position. .

(7) The motor armature 45 is shorted through the
contactors 42, 40 and 37.

In switching from zenith search back to surface search
the sequence of circuit actions is similar in principle to
that given above, except that the supply 11 is now re-
versely connected to motor armature 45, causing it to ro-
tate in the opposite direction. When the action is com-
pleted the surface indicator lamp 36 glows and radiation
is restored automatically. When the system is not radi-
ating and switch 35 is thrown from S to Z or from Z
to S the circuit behaves differently than described above
under radiating conditions. The principal difference is
in the operation of relay 23 in that it does: not close
when switch 35 is thrown from S to Z or from Z to S
and energy is supplied to its coil 25 as explained pre-
viously. The energy supplied to coil 25 is sufficient to
maintain the relay in its energized position if it has been
previously energized and is holding with delayed release
energy but is insufficient to operate the relay from a
deenergized position. Since relay 23 does not initially
operate, the circuit to relay 12 through contacts 26 and
27 remains open during the rest of the cycle and relay 12
does not operate and radiation does not start when relay
28 is deenergized and closes contacts 21 and 22. This
feature of relay 23 prevents radiation from accidentally
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occuring when switch 35 is operated undef non-radiation’
conditions.

The control system disclosed may be used with equip-
ment or systems other than radar such as fluid systems,
transmission systems, etc., or more generally wherever
it is desired to transfer energy from a main input to any
of a plurality of energy utilizing or transmitting means.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

I claim:

1. An electrical control system for use in positioning
a selector valve in contiguous relationship with any one
of a plurality of output conduits; said control system
being operable beginning and ending with a radiating
condition or operable beginning with a non-radiating con-
dition so that after the selector valve has moved to select-
ed position radiation may be started by distinct operation
of a radiation switch, said control system comprising an
electric motor adaptéd to be coupled to the valve for
moving the latter to any one of its positions, a plurality
of switches adapted to be actuated from the valve and
the output shaft of said motor upon rotation thereof,
a first relay having contactors constructed and arranged
for controlling the feed adapted to pass through said
valve and also the energization of said motor, a second
relay having two coils either one of which when energized
holds its contactor which is in the energization circuit of
the first relay in closed position, one of the coils of the
second relay being adapted under feed conditions to be
continuously energized, the other of the -coils of the sec-
ond relay adapted to be energized when the first coil is
deenergized during the valve transfer period, a third relay
having two contactors adapted to alternately assume
closed position, one of which contactors is in the ener-
gization circuit of the first relay and the other of which
controls the energization of the second coil of the second
relay, a manually operable main switch for initiating
operation of the system by energizing the third relay,
whereby the feed to the valve is terminated and the motor
rotates for moving the valve to another position, the sajd
switches which are arranged to be actnated from said
valve and output shaft of said motor terminate the rota-
tion of the motor at the proper time following which feed
to the valve is restored and also condition the system for
the next change which is again initiated by the manually
operable main switch.

2. A control system for the antenna selector valve of a
radar set including a magnetron for controlling the feed
of the transmitter energy output to either of a pair of
antennas, said control system being operable beginning
and ending with a radiating condition or operable be-
ginning with a nonradiating condition so that after the
selector valve has moved to selected position radiation
may be started by distinct operation of a radiation switch,
said control system comprising a reversible D.C. motor
adapted to be coupled to said selector valve for rotating
it between two angularly spaced positions, a D.C. supply
source, a pair of switches adapted to be operated upon
rotation of the selector valve, a third switch arranged
to be actuated by the motor output shaft, four relays
arranged in said control circuit, the first of said relays
having contactors that are in the magneiron high voltage
circuit, the magnetron filament circuit, and the motor
circuit, respectively, the second of said relays having a
contactor that is in the energization circuit of the first
relay, said second relay having two coils one of which is
adapted to carry the magnetron current, the third relay
having contactors arranged to connect the other of the
coils of the second relay to the D.C. power supply, the
fourth relay having a pair of contactors, one of which
is in the energizing circuit of the first relay when the
said fourth relay is deenergized and the other of which
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is in fhe energizing circuit of said third relay when the
fourth relay is energized, a plurality of manually oper-
able switches in the energization circuit of the first relay
whereby radiation output from the radar set may be
terminated if on or initiated if off, a manually operable
triple-pole double throw switch for initiating the control
action of the system, whereby when the switch is thrown
from one.of its two positions to its other position the
fourth relay is energized through two of the poles of
the manual switch, one of said switches operated from
the ‘Totary selector valve from said D.C. supply, said
fourth relay causing its contactor to opem the circuit
to the first relay and close the circuit to the third relay
which in turn causes the second one of the two coils of
the second relay to be energized under radiating condi-
tions to retain the corresponding contactor in closed posi-
tion, the first relay having been deenergized: permiiting
its contactors to disconnect the high voltage from the
magnetron, change the filament supply of the magnetron
and subsequently close the motor circuit whereby -the
anterina selector valve is yotated to - its “other position
and stopped by means of said switches operated from
the selector valve and the moétor output shaft, which last-
mentioned switches are conditioned for the subsequent
control action and the remainder of the control circuit is
returned to its original condition, and lamps for indi-
cating the position of said selector valve.’ -

3. A radar antenna feed selector system, comprising a
plurality of radar antennas, each positioned for search
in a different area than the others, a microwave genera-
tor, a selector member positioned relatively to said gen-
erator to receive microwaves therefrom, and mounted for
movement to deliver said received microwaves to said
antennas aiternately, a motor connected to said member
for imparting said movement thereto, control means for
said motor for causing said motor to operate and move
said member to connect it to one of said antennas and
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stop, and then to the other antenna and stop, manually

controlled means for initiating an operation of said control
means and motor, and means for interrupting the activity
of said generater while said motor is moving said mem-
ber to connect said member to ancther one of said an-
tennas. : )

4. The system as set forth in claim 3, wherein there
are two of said antennas, one of which is positioned for
zenith search, the other of which is positioned for surface
search, said member is a rotatable valve rotated by said
motor, and said manually controlled ‘means includes a
control switch operable selectively between two positions
in one of which positions said switch- causes the motor
to rotate said valve to a position in which 'said -valve
connects said generator to one of said antennas and
stops, and in the other of which said switch causes the
motor to rotate said valve to another position in which
said valve connects. said generator to the other of said
antennas and stops. i ' :

5. The system as -set forth in claim 3, wherein said
control means includes circuit means for controlling the
activity of said motor, selector switch means controlling
said circuit means, a relay in said circuit means, and
auxiliary circuit means controlled by said relay for com-
trolling the activity of said generator and rendering said
generator inactive automatically during the period in
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which said motor is moving said member to change the
connection of said generator from one antenna to another.
6. The system as set forth in clajm 3, wherein said
control means includes means for automatically interrupt-
ing the activity -of said generator whenever the output of
said generator, while said generator is operating, fails.
7. The system as set forth in claim.3, wherein said
motor has a contimuocusly excited field and said control
means stops said motor by short circuiting the motor
armature to stop the motor with dynamic braking.
8. The system ‘as set-forth in claim 3, whkerein said

control means: inciudes a radiation control relay which'

controls the activity of said generator and an-activating
circuit therefor, said-manually controlled means includes

“‘an intermediate relay having contacts. controlling said

activating circuit and said control relay, a further relay
having a undercurrent winding and a holding winding,
said further relay also controlling said activating circuit

of said radiation control relay, in series with said inter- -

mediate relay, means ‘controlied by said intermediate re-
lay and effective when said radiation control relay is op-
erative. to cause activity. of said generator by activating
said holding winding, means responsive to the -activity
of said generator for normally activating said undercur=-
rent winding of said further relay and thereby -opsrative
on -said activating circuit of said radiation comtrol relay
to cause an interruption of said activating circuit when-
ever said generator output is below a selected output,
and means controlled by said intermediate relay for
activating: said holding winding while said intermediate
relay deactivates said radiation control relay.

9. A radar -antenna feed selector system, which com-
prises a pair of radar antennas, one positioned for search
in one area and the other for search in a different area,
a microwave generator, a selector member disposed to
receive microwaves from said generator and movable to
deliver the received microwaves:to said antennas alter-
nately, a motor connected to said member for operating
it to vary said delivery from one antenna to another, and
meaans for controlling the activity of said motor and hav-
ing a control element for initiating an operation of said
motor and also having means for stopping each opera-
tion of said motor when said member reaches a position
in which it delivers microwaves from said generator to
one of said antennas. . : )

10.- The system as set forth in claim 9, and means for
inferrupting the activity of said generator during move-
ment of said member by said moftor,

11. The system as set forth in claim 9, wherein said
motor has a continuously excited field and said motor
controlling mieans controls the motor by control of its
armatnre circuit by shorting said armature to stop the
motor quickly with dynamic braking and thereby avoid
overshooting of the selector -member. i

12. The system as set forth in claim 9, arid means by
which the activity of said generator is interrupted when-
ever its output drops below a selected output.
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