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1

My invention relates to an electric aircraft-
launching catapult of the type utilizing a linear-
motor towing-car, and it has particular relation
to. improvements in the control-means therefor.

The control of a linear-motor catapult presents
particularly difficult design-problems because
it involves a short time, of the order of 6 seconds,
more.or less, a large towing-car mass, which may
be of the order of several tons, and a high maxi-
mum speed, necessary for aircraft-launching,
which may be of the order of 90 miles per hour,
more or less. Added to these problems is the
danger of the possibility of a false start, with-
aut a proper connectic n between the towing-cable
and the aircraft to be launched, and the ever-
present danger of a serious wreck, if there is
any mishap during the launching or if the au-
tomatic adjustments, for predetermining any par-
ticular launching-run, should prove to be wrong.

The general object of my present invention
is to provide improved control-means for safe-
guarding the launching of aircraft with electric
linear-motor catapults. _

A more specific object of my invention is .to
provide improved means for responding to any
one. of a large number of pre-selected positions
of the car, alang the length of the track, so that
the length of the accelerating run may be pre-
determined or pre-selected without requiring the
utilization of a large number of track-responsive
selector-switches. The high launching speeds
frequently make impractical the use of simple
track-switches having parts which are adapted
to be struck by the.car when. it. passes any par-
ticular point, because the forces of such im-
pacts, at speeds exceeding 50 miles per hour,
more or less, is usually such as to overtax the
strength of any readily available structural ma-
terial. My present invention provides.simple.and
improved means for responding to. a pre-selected
one of a plurality of positions along the track-
way, involving the use of a plurality of position-
responsive means, for developing relaying-energy
at. each of their several positions.. during. the
progress of an alrcraft-launching. accelerating-
run, a single run-controlling relay-means,. and
pre-selector means for making the relaying energy
of a pre-selected one or more of said position-
responsive means effeetively awvailable .in said
run~controlling relay-means.

A further object of my inventlon. has to do
with means for initially energizing the towing-
car at a low voltage, and increasing the voltage
of energization only after the initial energization
has taken place.

With the foregoing and other objects. in view,
my invention. consists of the methods, systems,
circuits, combinations, structures, apparatus and
parts, hereinafter - described and eclaimed,. and
Hlustrated in.the accompanying. drawing, where-

10

15-

20

25.

30

35.

H

<

50

S

in the single figure is a diagrammatic view. of
circuits. and apparatus .involving my invention
in an illusirative form of embodiment, with the
parts not shown in proper scale in order to fa-
cilitate the illustration.

My invention is {llustrated in connection with
an aircraft-launching catapult involving a self-
propelled, polyphase-motored, aircraft-launching
electric towing-car |, having a towing-cable 2
and 8 polyphase propulsion-raotor, the primary
winding of which is indicated at 3. The tow-
ing-car  rides or track-rails 4, along the side
of which is disposed a.three-phase third-rail bus
Sa, 8b and Sc. One of said three-phase supply-
busses, §c, is connected . to. the track-rails 4 at
each of a plurality of spaced points along the
trackway, by means of a large number of spaced
connectors. 6. Energy for.the towing-car motor
3 is supplied by. means of current-collectors 1a,
1b.and T¢, making electrical connection, respec-
tively, with the bus 8§a, the bus 5b, and the
track 4.

. The car-borne primary-winding. 3 may rep-
resent any kind of propulsion-motor: in a pre-
ferred form. of .construction, it .is the primary-
member. of a. linear-motor. construction, as set
forth in. my application Serial No. 500,639, filed
August 31, 1943, patented December 10, 1946, No.
2,412,514, or in-an application of Maurice F. Jones
anrd Lee A. Kilgore, Serial No. 506,198, filed Gcto-
ber 14, 1943, patented December 10, 1946, No.
3,412,512, and assigned. to the Westinghouse Elec-
tric & Manufacturing. Company.

‘Propulsion-power: for the. towing-car 1 is sup-
pHed toy the third-rail busses 5a, §b. and .5¢ from
8. variable~-voltage three-phase source which is
shown in the form of a three~-phase synchronous
generator 8. which. is driven from. any suitable
prime-movex shaft 8, and which is provided with
exciting-field resistors Ri, R2. and R3, the first
two of which may..be short-cirecuited. by .fleld-
relays Fi. and F2, respectively.

In . the drawing, the control is shown by
schematic or “across the. line” diagram. . The
variousrelays which are:;shown are of the.electro-
maeagnetie type; and the same reference-character
is utilized to apply to the relay-coils, shown. dia-
grammatically- as. circles, and to.the relay-cen-
tacts, which are.invariably. shown in their non-
energized: positions; thus sufficiently designating
and- correlating both: parts. of .each relay, .that
is;-both itg energizing-coil and its-eontact-mem-
ber or mempers.. . Arrows or dotted. lines are.also
used, 88 & further..convention for symbolically
indicating - heow-.the varlous: parts.of. each relay
are: connected. togather. .. When. I speak. of .an
energizing-coil.for: a -relay, I mean .to refer to
sng kind ofi aciuating-coll .which causes. the
relpy-to. be moved. from. ifs. normal. position, re-
garded as- iis non~actuated position, to:its ac-
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tuated or control-responsive position, whether
the actuating or moving-force is actually pro-
duced by the relay-actuating coil, or merely con-
trolled, or unlatched, or tripped off, by said relay-
actuating coil.

In the drawing, I am also showing only the
circuits which seem to be necessary to convey
an understanding of my present invention, omit~
ting many of the interiocks and safeguards and
other well-known features which make such
control-diagrams extremely complicated, and
which would be readily understood and applied
by any control-engineer.

The terminal leads 11 of the generator 8 con-
stifute a variable-voltage polyphase supply-
means, the voltage of which can be controlled
through the field-switches FI and F2. The elec-
trical energy of the polyphase supply-line {1 is
fed, in either the positive phase-sequence or the
negative phase-sequence, to the polyphase third-
rail assembty b6a, 9o, Sc, through the main con-
tacts of either one of two main contactor-switches
or relays designated W and B respectively, con-
templating, for the sake of convenience in de-
scription, an east-and-west runway 4, with main
contactor-relays W and E for energizing the motor
3 in a phase-sequence for developing a driving-
force in a westerly direction, or in an easterly
direction, respectively.

‘The power-plant shaft 8 is also illustrated as
being provided with a contact-making tachom-
eter TACH, or other speed-responsive device,
which makes a contact 12 when the generator 8
is being driven at a speed high enough to provide
adequate accelerating-power for any particular
aircraft-launching operation. If desired, the con-
tact-point 12 of the tachometer TACH may be
adjustable, so as to provide for different gener-
ator-speeds depending upon different starting-
conditions for aircraft of different mass and
take-off speeds. The tachometer-contact i2 is
illustrated as being utilized to energize an aux-
fliary speed-responsive switch 8I.

My special control-means is illustrated by var-
ious equipments which are diagrammadtically in-
dicated in the drawing. Referring to this appa-
ratus in the order in which it appears on the
drawing, reference may now be made to a plu-
rality of track-transformers T8 to T28 which are
shown in the form of current-transformers as-
sociated with the respective connectors 6§ which
are spaced along the trackway at frequent inter-
vals, for feeding power into the track-rails 4 from
the third-rail 5c. When heavy take-off accel-
erating-energy is fed into the towing-car 1, the
larger part of this energy flows into the track-
rails 4 at the point where the car makes contact
with the rails, and the current-transformers T8
to T28 are designed to develop an adequate pre-
determined amount of relaying-energy when this
heavy propulsion-current is flowing through their
particular connectors 6.

In accordance with my invention, I provide a
suitable selector-means for pre-selecting a par-
ticular one or more of the current-transformers
T8 to T28, and for making its energy available for
exciting a suitable run-controlling relay-means,
which is illustrated in the form of two track-
relays TRI and TR2. Twp track-relays TRI and
TR2 are shown, so that the second track-relay
can serve as a safeguard or back-up relay against
a possible failure of the first relay, the second
track-relay being energized from the next suc-
ceeding track-transtormer, selected from the
group T8 to T28, as will now be described.
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Energy for the two track-relays TRI and TR2
is appued to the respective reiay-terminals 13
and 14, respectively, by means of any suitable
selector-means, which is diagrammatically in-
dicated in the form of push buttons numbered
PB8 to PB29, which may be of the “stay where
put” type, and which are intended to represent
any selector-switch means, whether of the push-
button type, or of the knife-switch type, or of
the drum-type, or of the sliding-contact type,
or of any other suitable type, with any desired
or suitable interlocks (not shown). The first and
last push buttons PB8 and PB29 are provided, as
shown, with only one pair of contacts, namely a
make-contact 15 and a back-contact 6. All of
the other push buttons, PBS to PB28 inclusive,
are provided with two pairs of such contacts, In
each case, the back-contact 16 is utilized in a
normally closed short-circuit around one of the
track-transformers T8 to T28, while the corre-
sponding front-contact 15 is utilized to connect
that particular track-transformer to one or the
other of the two terminals 13 and 14 of the two
track-relays TR{ and TR2.

The construction is such that the two end push
buttons PB8 and PB29, respectively, connect the
track-transformers T8 and T28 to the track-re-
lay TR2, so that only this single track-relay TR2
is energized when the car reaches the position
corresponding to the selected track-relays T8 or
‘T28, if either one of these end push buttons PB8
or PB29 is depressed or selected. If any one of
the intermediate push buttons PBS to PB28 is
selected, then two successive track-transformers,
selected from the group T8 to T28 are connected
respectively to the two track-relays TR and TR2,
so that both of these track-relays will be en-
ergized, one after the other, when the car reaches
the selected point in its accelerating-run. The
two track-relays TRI and TR2 thus supplement
each other and make sure that at least one of
them will be very certainly operated, in response
to the position of the towing-car | along the
trackway 4.

My main direct-current control-circuits are
under the control of a control-switch 17, which
energizes a control-bus C+4 from the positive
terminal (+4) of any suitable direct-current con-
trol-source, the negative terminal of which is in-
dicated at (—). . From the control-bus C4 a
circuit is completed to & reset-switch (9 which
is capable of making either a contact 20 or a
contact 21. The contact 20 is utilized only for
the purpose of energizing two reset-coils RS{ and
RS2 which are assoclated with the respective
track-relays TRl and TR2. These track-relays
are of the position-maintaining type, which re-
main In whichever position they occupy, even
after the controlling-force has been removed
therefrom. The reset-coils RSI and RS2 are
for the purpose of causing these track-relays
TRI and TR2 to be reset to their normal non-
actuated, or non-selected positions, whereas the
actuating-colls TR1 and TR2 are utilized for the
purpose of causing sald track-relays to move to
their actuated or controlled or selected positions.

The other contact, 21, of the reset-switch 19
is the main relaying-contact of this switch, en-
ergizing a relaying bus which is designated by
the same numeral 21. Varlous relaying circults
are energized from this relaying bus 21. The
first such circuit, shown on the drawing, is a
push-button circuit under the control of a start-
ing switch which is shown, diagrammatically and
schematically, in the form of push button PB,
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although it is to bé understood that I am not
by -any means limited to a push-button form of
a starting-switch. The push button PB ener-
gizes u relay-circuit or terminal 28 of the oper-
ating-coil of a take-off relay TOR, the other
terminal of which is connected to the negative
bus (—).

In addition to the take-off relay TOR, 1 pro-
vide a direction-selecting drum DD, and an emer-
gency drum ED, both illustrated in the form of
drum-type controllers having a central “off” po-
sition, and right-hand and left-hand “east” and
“west” positions. }

I also provide a. timer T, which is illustrated
in the form of a mator, energized from a 60-
cycle supply-circuit 24.

When the take-off relay TOR is energized, it
picks up its make-contacts 25, 26 and 21, im-
mediately closing a holding circuit around the
starting push button PB. This holding circuit
may be traced from the conductor 24, through
the TOR make-contact 25, and a back-contact
TB of an auxiliary timer-relay TB, to a con-
ductor 28, and thence through an ‘“off” drum-
contact 29 of the emergency-drum ED, and
through the TOR make-contact 26, to the TOR
relay-terminal 23. The conductor 28 is also uti-
lized to energize the actuating coil of an inter-
lock-relay IR, as shown at 34, and also to ener-
gize other circuits which will be described later on.

Before actuating the starting-button PB to en-
ergize the take-off relay TOR, the direction-se-
lecting drum DD will ordinarily be actuated to
either its “west” or “east” position, although the
direction-selecting drum DD could be moved sub-
sequently to the energization of the take-off re-
lay TOR. This direction-selecting drum DD has
two contact-members 32 and 33 which are ef-
fective in its “west” position, and two contact-
members 34 and 35 which are effective in its
“east” position.

The picking up of the third contact 27 of the
take-off relay TOR serves to energize the ac-
tuating coil of either the “west” or “east” con-
tactor-switch W or E, according to the position
of the direction-drum DD, A partial circuit for
these contacior-relays W and-E may be traced
from the conductor 21, through the TOR make-
contact 21, and back-contacts TR{ and TR2 of
the two track-relays TRI and TR2, to a con-
ductor 36, and thence :through a make-contact
81 of the speed-responsive relay 8{, to & con-
ductor 37, which leads to a correspondingly
numbered contact-point 37 on the drum DD. If
the drum DD is in its “west” position, its con-
tact-member 32 energizes a contact-point 38,
from which a correspondingly numbered con-
ductor .38 leads, through an “off” drum-contact
89 of .the emergency drum ED, to a conductor
49, from which a circuit is completed to the op-
erating coll of the main contactor W, through
an interlocking back-contact B of the other main
contactor E. If the direction-drum had been in
its “east” position, its contact-member .35
would have joined the contact-point 87 to a con-
tact-point 41, which leads, through a correspond-
ingly mumbered conductor 4{, and through an
“oft” ,drum-contact 42 of the cmeargency-drum
‘ED, to a-conductor 43, which energizes the con-
tactor-coil E -through a back-contact W of the
contactor W. ‘

The conductor 37 is utilized also to energize
the operating coil of the first fleld-controlling
relay Fl, in a circuit which can be traced from

the . conductor 87, .through parallel-connected
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W-and'E, to a conductor-44,.and thence through
a back-contact Fl of sald fleld-relay ¥, to a
conductor 48, and thence through a make-con-
tact IR of the interlock-relay IR, to a conductor
46, which energizes the -operating coil of the fleld-
relay Fl, The fleld-relay Ff dmmediately seals
itself in, in a <circuit swhich.can .be: trased from
the relaying conductor 28, through a make-con-
tact ‘¥4 .of said fleld-relay P, to the: condnctor
43 which energizes the operating coil Fi: through
the -make~contact. IR and the relaying circult.48.
-"The effect.of the energization of this fleld-relay
FY is.to increase the excitation.of the three-phase
genarator 8, changing the .excitation from its
minimum . value which-it. had with.all three..of
the fleld-resistors R, R2 and R3 .in circuit, and
causing the fleld-excitation to increase 40 a value
corresponding to only two of the field-resistors
R2:and R3 in the exciting cirguit of the gener-
ator. It is noted. that this increase .in the gen-
erator-excitation occurs.omly after, and in.re-
sponse ta, the picking up .or completed respanse
of one of the main motor-starting contactors W
or E from the same .control-circuit 37 .whichis
also atilized to energize the fleld-relay Fi.

Since the generator-flux cannot change in-
stantly, in response to-an increase in its exciting-
field current, but changes only.gradually, ageord-
ing to the time-con-tant of the generator, this
mode of fleld-circii; contro]l insuves. that the
generator-voltage shall start out at a Jlow value,
upon the initial energization of the towing-car
motor 3, thereafter increasing according to the
time-constant of the generator-fleld, if the.field~
relay FA is quick in its operation,.ar involving any
slowness :of action, or other time-delay (if any)
which :may ‘be bullt into the fleld-controlling re-
lay Fl, as will be readily understood by those
skilled in the art. It will be readily understoad,
of course, that .other, and more elaborate; field-
control means may be.utilized, for cutting out the
fleld-resistances.R{, R2 and/or R3 in two or.more
steps, if desired, and in any desired time-se-
quence, my field-controlling means being intend-
ed to be broadly indicative of any suitable valt-
age-increasing ‘means for increasing -the: voltage
of the:supply-circuit 11, or the output-terminals
11 of the generator 8, after-the initisl energiza-
tion of the motor 3.

“‘When the field-relay Fl picks-up, & make-con-
tact Fl closes a bypass-circult around the.speed-
responsive scontact 8f. This bypass circuit .can
be iraced from the conducter 36, through the
fleld-relay contact FI, to a conductor 47, .and
thence -thraugh 8 make-confact of -either the
“west”-.or *east” contagtor W or E, as the case
may :be, 40 the conductor 31, thereby bypassing
the speed-responsive .confact 81. This bypass-
ing circuit thus assures the maintenance of the
energization .of the main contactor W or E
throughout the aircraft-launching accelerating-
run of the towing-car I, even though the large
amount of energy which is withdrawn from the
generator 8 should .cause the prime-mover shaft
# to slow down below the point at which the
tachometer-contact 12 -will be maintained, the
speed-responsive relay S{ belng dependent upon
said tachometer-contact 12.

The towing-car | is.now well started on. its
aircraft-launching accelerating-run, and the
automatic.controls are locked in, so that the run
will normally be completed, regardless of the
starting push button PB, or of the speed-respon-
sive relay-contact 81,

““The accelerating-run of the-towing-car {-con-

make-coritacts W and"E of the main contactors ‘76 tinues-until the car-reaches a-previously-selected
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positiont along the trackway, at which time one
of the track-relays TRI or TR2 becomes ener-
gized from the selected one of the track-trans-
formers TR8 to TR28. The response of the track-
relay opens its back-contact in the energizing-
circuit for the conductors 36 and 37, thus de-
energizing the main contactor W or E, whichever
one was energized.

When one of the track-relays TR or TR2 re-
sponds, it also closes a corresponding make-con-
tact TRI or TR2, which is to be found in series
with the operating coil of an auxiliary timer-
relay TA, in a circuit 48 which is energized from
the relaying conductor 28, This circuit may be
traced from the conductor 28, through the auxil-
lary timer-relay coil TA, and thence through
either one of the make-contacts TRI or TR2,
which are connected in parallel with each other,
to the conductor 48, and thence through a make-
contact IR of the interlock relay IR, to a con-
ductor 48, and to correspondingly numbered
drum-~contacts 49 and 48’ of the direction-
drum DD.

If the direction-drum is standing in ifs “west”
position, the drum contact-member 33 connects
the point 49’ to the conductor 41, which ener-
gizes the “east” main contactor E, as soon as the
previously energized “west” contactor W drops
out and closes its back-contact W. If the direc-
tion-drum DD had been standing in its “east”
position, the drum contact-member 34 would
have connected the contact-point 49 to the con-
ductor 38, which would energize the “west” main
contactor W, as soon as the “east” main contactor
E opened its main contacts and closed its back-
contact B. The effect, in either case, is to plug-
reverse the towing-car motor 3, by applying pow-
er thereto in the reverse phase-sequence. It will
be understood that the towing-line or cable 2 is
cast off from the launched aircraft (not shown)
as soon as the towing-car motor 3 is plug-re-
versed, the towing-cable connections being such
that the towing-cable is released by the aircraft
when it soars ahead of, or above, the towing-
car 1.

The auxiliary timer-relay TA, which has been
energized in this plug-reversing process, picks up
its make-contact TA and energizes the timer T
from its 60-cycle source 24. This timer T can be
set to close its confact T at the expiration of any
predetermined time-interval, which 1is usually
chosen to be such as to leave the full reverse
power on the car-motor 3 long enough to bring
it to standstill and to start the car moving back,
towards its starting-point, the timing being
chosen, however, so that the car will not have
accelerated to a dangerously high speed, in the
reversed direction, at the expiration of the pre-
selected time-setting of the timer T.

It will be recalled that the track-relays TRIi
and TR2 are position-maintaining relays, which
remain set in whichever position they occupy,
even after the removal of the force or impulse
which caused the relays to move to that position.
At least one, and usually both, of the track-
relays TRI and TR2 will now be “set” in their
actuated position, responsive to the pre-selected
one, or two, of the track-transformers T8 to T28.

"As shown at the bottom of the drawing, these
track-relays TR1 and TR2 have additional make-
contacts TRI and TR2, which are connected, in
parallel with each other, to complete a ‘circuit
from the auxiliary control-bus C+ to a con-
ductor 61, and thence through the timer-contact
T, which closes at the expiration of the pre-
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8 .
selected time-interval, as just described, energiz-
ing a conductor 52 which energizes the opera.t-.
ing coll of the auxiliary timer-relay TB. -

This auxillary timer-relay TB instantly picks
up and closes a make-contact TB which pro-
vides a “holding” circuit around the timer-con-:
tact T, between the conductors 61 and 52, so as-
to hold this auxiliary timer-relay TB in its ener-
gized position. At the same time, sald relay
opens its back-contact TB which deenergizes the
circuit 28 which had been maintaining a holding-
circuit for the take-off relay TOR, thus de-
energizing this take-off relay TOR, assuming
that the starting push button PB has meanwhile
been released or opened. The deenergization of
the relaying circuit 28, in response to an energiz-
ation of the auxiliary timer-relay TB, also re-
sults in the deenergization of the fleld-relay
holding circuit 28—F{—45, and in the deenergiz-'
ation of the interlock relay IR, thus again open-
ing the fleld-relay circuit at 45—IR—46, de-
energizing the fleld-relay Fi, and at the same
time opening the plug-reversing circuit at 48—
IR—49, thus deenergizing the main contactor E
or W, as the case may be, and discontinuing the
reversed-phase-sequence energization of the
towing-car motor 3, and usually leaving the
towing-car coasting more or less slowly back to-
ward its starting-point.

At this point, the operator usually takes over,
with the aid of a spotting-switch S, which is en-
ergized from the relaying conductor 21 which re-
mains energized after the take-off relay TOR is
deenergized. The spotting-switch SS, has a cen-
tral “off” position, and “west” and “east” posi-
tions which energize the conductors 40 and 43,
respectively, which in turn respectively energize
the “west” and “east” main contactors W and E.

It will be noted that the energization of the
towing-car motor 3, which is effected by. the
spotting-switch SS, is at a low voltage, because
the fleld-relay I'l was deenergized, simultane-
ously with the discontinuance of the automatic
operations, prior to the manipulation of the spot-
ting-switch S8S. I1 this way, because of the re-
duced voltage, only small amounts of power are
fed into the towing-car motor 3, in the normal
manipulation of the spotting-switch, in order to
give the operator an accurate control over the
towing-car, enabling him to bring it back to its
starting-point, and accurately “spot” it in any
desired position.

The spotting-switch SS is provided with sec~
ond “west” and “east” positions, however, in
which the respective conductors 48 or 43 are still
energized, but additional contact-points 53 or
54 are engaged, energizing the conductor 46
which energizes the fleld-relay Fi, thus increas-
ing the fleld-excitation, and hence the generator-
voltageé, to provide more power, when necessary
in the “spotting" control of the towing-car |.

The take-off relay TOR, the control-drums DD
and ED, and the spotting-switch SS, cooperate
with the east and west reversing-contactors or
power-switches E and W, to constitute relatively
stationarily located control-means, by which I
mean that the control-means is stationary or
non-movable with respect to the towing-car
while the towing-car is moving, without intend-
ing to imply that the control-means may not be
portable or movable independently of the tow-
ing-car.

In the operation of my invention, as thus far
described, provision is made for the automatic
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contral of the aircraft-launching. accelerating-
run.of the towing-car 1, in such manner asx to
cause the car to accelerate through a prede-
termined length of run, or distance along the
runway, or to a predetermined car-position
along the runway, after which the accelerating
energization of the towing-car is automatically
discontinued, and the. car i3 plug-reversed in
order.to quickly bring it .to standstill, or even
to slightly reverse its speed, without requiring
any more length of runway than necessary, in
the stopping process. The operation .of this
automatic control has been outlined, during. the
progress of the description, so that no further
summary is believed. to be necessary. It.may be
nated that I have thus provided a position-re-
sponsive or distance-selective automatic control
which -necessitatzs the utilization of .only a
single track-relay TR1{ or TR2, or the two track-
relays can be utilized, one to supplement or safe-

guard the other, if desired, ag already explained.

Another. important feature of my improved
control involves the use of the emergency-drum
ED, the construction and operation of which have

not yet been described, except in connection with .

the three interlocks 28, 38 and 42 which are
closed ‘when the emergency-drum ED i3 in its
-“off” position. When .the emergency-drum ED
is.in. its.*west”. position, it has a contact-mem-
ber- 88-which. connects the contact-point 53 to
a-contact-point §7. The contact-point 53 i3 con-
nected to the normally energized relay-circuit
24, while the contact-point 5§71 is connected to
the: relaying -conductor 40 which energizes .the
“west’ main contactor W. In the “east” position
of .the emergency-drum ED, a movable contact-
member 58.connects the contact-point 57 at con-
tact-point §9, which is connected to the relaying
conductor 43 which energizes the “east” main
contaetor E.
The emergency-drum ED also has other “west”
and:.‘‘east” contact-members §4 and:62, which
connect. the contact-point €3 to contact-points 64
and -85, preferably. in steps, first connecting the
point 64;-and - then, as the movement of the
emergency-drum is continued still further away
from its “off” position, connecting the contact-
point 88. The contact-point 63 is connected to
the: normally - energized relaying conductor 21.
The  contact-point 64 is connected -to the relay-
ing conductor 46, which energizes. the field-relay
P for increasing the voltage applied to the
towing-car motor 3.  The eontact-point 68 is
connected to a similarly numbered relaying con-
- ductor 88; which energizes the second fleld-relay
F3, for short-circuiting  the second fleld-resist-
anece: R2, and.stil] further increasing the excita-
tion-and the output~voltage of the.generator.$.
The- fleld-conitviliiuig voiitact-members 8t and
62 of .the emergency-drum. .ED may j;referably
be stepped back,. with relation to the contactor-
canfrolling :contact-members 58 and 88.of the
- drum, so that tke contactor W or B is first ener-
gized alone, without any energization of the field-
relays FL or 3, and then, as the movement of
the.emergency-drum. is continued, further away
- from.its “off”” position, contact is made, first with
" the -contact-point 64; which .energizes the first
fleld-relay Fl, and then with the.contact-peint
8%: which energizes.the second field-relay F2. It
will, be-understood, .of course, that variations in
the precise:detalls of these arrangements may be
made.within. thae.skill of the skilled worker..
In the:normal ainrcraft-latnching: operation: of

the electric catapult, the emergency-dyum:ED s 16 of all
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not. utilized. When the officer in charge initiates
an alrcraft-launching run, or sets the stage for
such inftiation, by depressing the push button
PB or equivalent starting-means, he keeps one
hand alertly on the emergency-drum ED, ready
to move it instantly, in the event of any mishap
of any nature.

Ag soon as the operator moves the emergency-
drum ED out of its “ofr” position, in either direc-
tion, he breaks the interlocking circuits 29, 39
and 42, thus locking out the automatic control-
equipment. The interlocking “off” position
drum-contact 29 breaks the holding-circuit . of
the. take-off relay TOR, when the emergency
drum Is moved to. elther its “west” or “east”
position, thus deenergizing the take-off . relay
TOR, assuming that the push buitan PB hss
meanswhile- been released or. opened. In like
manner, .the. emergency-drum contacts 39..and
42 deenergize the automatic control-circuits. for
the “west” and “east” main contactors. W and B,
whenever the emergency-drum ED is moved, in
either direction, away from its “off” position.
When these .interlocking emergency-drum can-
tacts 28, 38 and 42 are once opened, the take-off
relay TOR is thus deenergized, and no further
automatic control-operation - will be. obtained
thereafter, even though the emergency~-drum. ED
is returned again to itz “of" position, because, of
the opening.of the TOR contacts 25 and 21, which
effectually lock out any further automatic opera-
tions, on that run. .

‘The-energization of the towing-car motor § is
thereupon under the sole control of the emer-
gency-drum ED, the motor being energized only
when, and as long as, the emergency-drum. ED
is held in either its “west” or its “east” position.
After the operator has controlled the energiza-
tion of the towing-car motor, in any desired
manner, by the manipulation of the emergency
drum. ED, he.will usually bring the car to a.stop,
or-at least to a. relatively slow speed, by.means
of the emergency-drum, after which the operator
may either utilize the emergency-drum itself .as
& spotting-switch, or he may change. over to the
spatting-switch 88, and utilize the latter to bring
the.car .back to & controlled spot at either .end
of the runway..

While I have illustrated my invention in a sin-
gle preferred form of embodiment, I wish it to.be
understood that many features of such illustra-
tion are only symbolic, and many interlocks and
other complications, such as would normally.be
utilized, have been omitted, in the interests - of
clarity of illustration and explanation. I desire,
therefore, that the appended claims shall be ac-
corded. the broadest construction consistent. with
their language.

I claim as my invention:

1. An electrically controlled system, comprisg-
ing an electrically driven: self-propelled movable
body, - & trackway- therefor, electrical supply-
utrans - therefor, and a relatively stationarily
located control-means therefor, characterized- by
sald - control-means comprising run-controlling
reley-means, :g ‘plurality of position-responstve

.means,-disposed af-a plurality of positions along

the.trackway, for developing relaying-energy at
each of their several positions during the progress
of: & forward run of the movable body, pre-selee-
tor means for making the releying-energy of a
pre-selected-one or more of said position-respon-
sive means :effectively available in said run-con-
trolling: relay-meens, to the substantial exclusion
others of the position-responsive means, for
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actuating sald run-controlling relay-means only
in response to said pre-selected position-respon-
sivé means, meahs for initiating g forward run of
the movable body, and means for terminating said
forward run in response to an actuation of said
run-controlling relay-meais.

2. An electrically controlled system, compris-
ing an electrically driven self-propelled movable
body, a trackway therefor, feeder means for
supplying electric propulsion-énergy to the mov-
able body at each of a plurality of points distrib-
uted all along the trackway, and a relatively sta-
tionarily located control-means for sald movable
body, characterized by said control-means com-
prising run-controlling relay-means, a plurality
of current-responsive means for developing relay-
ing-energy in response to a substantial flow of
electric energy into the movable body at each of
a plurality of said points where said electric pro-
pulsion-energy can be supplied to said movable
‘body, pre-selector means for making the relay-
‘Ing-energy of a pre-selected one or more of sald
current-responsive meang effectively available In
sald run-controlling relay-means, to the substan-
tidl exclusion of all others of said current-respon-
.slve means, for actuating said run-controlling
relay-means only in response to said pre-selected
current-responsive means, means for initiating a
forward run of the movable body, and means for
terminating sald forward run in response to an
actuation of said run-controlling relay-means.

3. The invention as specified in claim 1, charac-
terized by said movable body being polyphase-
motored, said supply-means being polyphase, and
sald run-terminating means being adapted to
energize said movable body in a reversed phase-
sequence in response to an actuation of said run-
controlling relay-means.

4. The invention as specified in claim 2, char-
acterized by said movable body being polyphase-
motored, said feeder-means being polyphase, and
sald run-terminating means being adapted to
energize said movable body in a reversed phase-
sequence in response to an actuation of said run-
controlling relay-means.

5. An electrically controlled system, compris-
ing a self-propelled, polyphase-motored movable
body, variable-voltage supply-means therefor,
and & relatively stationarily located control-
means therefor, characterized by sald control-
means comprising main starting-contactors for

_energizing sald movable body from said supply-
means In the one phase-sequence or the other,
starting-means for selectively energizing one of
sald contactors to initiate a forward run of the
movable body in a selected phase-sequence, and
means responsive to a completed response of sald
selected contactor for effecting an increase in the
voltage of sald supply-means,

6. The combination with & trackway, and elec-
trical supply-means therefor, of control-means
comprising automatic relay-means, a plurality of
position-responsive means, disposed at a plurality
of positions along the trackway, for developing
relaying-energy at each of their several positions
during the progress of a movable member along
said trackway, pre-selector means for making the
relaying-energy of & pre-selected ohe or more of
sald position-responsive means effectively. avail-
able in said automatic relay-means, to the sub-
stantial exclusion of all others of the position-
responsive means, for actuating sald automatic
relay-means only in response to sald pre-selected
position-responsive means, means for initiating

. the energization of said supply-means for the
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trackway, and meang for automatically terminat-
Ing the aforesald energization of said supply-
means in response to an actuation of said auto-
matic relay-means, , '

7. The combination with a trackway, and sup-
ply-means for supplying electrical energy at each
of a plurality of points distributed all along the
trackway, of control-means comprising automatic
relay-means, a plurality of current-responsive
means for developing relaying-energy in response
to a substantial flow of electric energy into the
trackway at each of a plurality of said plurality
of points where energy is supplied, pre-selector
means for making in the relaying-energy of & pre-
selected one or more of sald current-responsive
means effectively available in said automatic
relay-means, to the substantial exclusion of all
others of sald current-responsive means, for actu-
ating said automatic relay-means only in response
to said pre-selected current-responsive means,
means for initiating the energization of said sup-
ply-means for the trackway, and means for auto-
matically terminating the aforesald energization
of said supply-means in response to an actuation
of said automatic relay-means,

8. The invention as specified in claim 6, char-
acterized by sald supply-means being polyphase,
and “sald automatic terminating-means being
means for automatically causing sald supply- -
means to be energized In a reversed phase-sé-
quence In response to an actuation of said auto-
matic relay-means.

9. The invention as specified in claim 7, charac-
terized by sald supply-means being polyphase,
and sald automatic terminating-means being
means for automatically causing said supply-
means to be energized in a reversed phase-se-
quence in response to an actuation of sald auto-
matic relay-means, .

10. The combination with a polyphase supply-
line, and a variable-voltage polyphase energy-
source therefor, of control-means comprising
main starting-contactors for energizing said sup-
ply-line from said energy-source in the one phase-
sequence or the other, starting-means for selec-
tively energizing one of said contactors to initiate
the energization of sald supply-line in a prede-
termined phase-sequence, and means responsive
to a completed response of said selected contactor
for effecting an increase in the voltage of said
energy-source. ’

11. An electrically controlled system, compris-
ing a self-propelled, polyphase-motored movable
body, variable-voltage supply-means therefor, and
a relatively stationarily located control-means
therefor, -characterized by sald control-means

-comprising main starting-contactors for energiz-

ing sald movable body from said supply-means
in the one phase-sequence or the other, and start-
ing means operative to selectively energize one ot
sald contactors to initiate a forward run of the
movable body in a selected phase-sequence and
also operative to effect an increase in the voltage
of said supply-means. '

12, The combination with a polyphase supply-

. line, and a variable-voltage polyphase energy-

source therefor, of control-means comprising
main starting-contdctors for energizing said sup-
ply-line from said energy-source in the one phase-
sequence or the other, and starting-mesns oper-
ative to selectively energize one of said contactors

- to initiate the energization of sald supply-line in

16

& predetermined phase-sequence and also oper-

" ative to effect an Increase in the voltage of sq.gd

energy-source,
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13. 'In combination, a polyphase:energy-circutt,
a polyphase load-circuit, polyphase switching-
means for connecting and disconnecting sald
polyphase load-circuit to and from said polyphase

energy-circuit in a desired forward-phase-se- 5

quence, other switching-means for performing one
or more other controlling' operations affecting
sald polyphase load-circuit, operation-presetting
means for presetting the termination of the for-
ward-phase-sequence energization of the: poly-
phase load-circuit, an operation-maintaining re-
lay-means, starting-means for initially actuating
said’ operation-meintaining: relay-means, an op-
eration-relay - holding-circuit, responsive-to the
actuation of said - -operation-maintaining. relay-
means, for maintaining the actuation of said op-
ergtion-maintaining relay-means, -forward-con-
trolling means, responsive to the actuation of said
operation-maintsaining retay-means; for closing
said forward-phase-seqiuence switching-means, .
forward-terminating means, responsive to the
operatfon-presetting means, for opening said
forward-phase-sequence switching-means, addi-
tional control-means, responsive to the opening of
the forward-phase-sequence switching-means-and
responsive also to a continued actuated condition
of- sald- operation-maintaining relay-means, for
setting in motion some one or more operations of
said other switching-means, and means; including

a relay-contact in said operation-relay holding-. g4

circult, for interrupting said operation-relay
holding-circuit after the conclusion of the oper-
ation.

14. In combination, a polyphase generator hav-
ing a fleld-winding circuit, a polyphase load-
circuit, polyphase switching-means for connect-
ing and disconnecting said polyphase load-cir-
cult to and from saild polyphase generator -in
either the forward or reverse phase-sequenee,
field switching-means for performing a control-
ling- operation on said fleld-eircuit, operation-
presetting means for presetting the termination
of -the forward-phase-sequence energization :of
the polyphase load-circuit, an operation-main-
taining relay-means, starting-means for initially
actuating sald" operation-maintaining relay-
means; an operation-relay- holding-circuit, re-
sponsive to the actuation of said operation-main-
taining relay-means, for maintaining the actua-
tion of said operation-maintaining relay-means,-
forward-controlling means, responsive to the ac-
tuation of said operation-maintaining relay-
means, for closing said polyphase switching-
means in a desired forward phase-sequence, field-
controlling means, responsive to an actuated con-.
dition .of said forward-controlling means and
responsive also to an open condition of said fleld
switehing means, for closing said:fleld switching-
means, & fleld-controlling holding-circuit, re-

sponstve to the closing of  said fleld switching-: 80°

means and responsive also to a continued actu-
ated condition of said operation-maintaining re-
lay-means, for maintaining the closed condition
of sald fleld switching-means, forward-teiminat-

ing means, responsive to the operation-presecting.: 65

means, for -opening sald forward-controlling
means, reverse-controlling means, substantially
simultaneousiy responsive to.the operation-pre-
setting means and responsive also to .an open

condition of the polyphase switching-means in:70

the forward phase-sequence, for closing said poly-
paase switching-means in, the reverse phase-se-
quence, reverse-power presetting-means for pre-
setting the reverse-power operation, and reverse-

terminating means, responsive to the reverse- 78
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power  presetting-means, for opening the poly-
phase switching-means and the fleld~controlling
holding-circuit, the apparatus also including
operation-termirating means; including a relay-
contact in:said operation-relay holding-circuit,
for interrupting sald operation-relay holding-
circuit after the conclusion of the operation.:

15. In combination, a self-propelling, poly-
phase-motored, movable body, a track therefor,
a polyphase motor-energizing ecircuit which is
continuously connected -to said polyphase-mo-
tored body, a polyphase energy-circuit, polyphase
switching-means for connecting and disconnect-
Ing said - polyphase motor-energizing ecircuit to
and from said polyphase energy-circuit in a de-
sired forward phase-sequence, other ‘switching-
means for performing one or more. other. con-
trolling operations affecting said polyphase mo-
tor-energlzing circuit, track-relay means which
is selectively responsive to a predeterminable posi-
tion- of the polyphase-motored movable body at
any one-of & plurality of selectable points along
the track, operation-presetting means for utiliz- -
ing sald track-relay mesns for terminating the
forward-phase-sequence energization of the poly-
phase motor-energizing ecircuit, an operation-
maintaining relay-means, starting-means for ini-
tially actuating said operation-maintaining relay-
means, an operation-relay holding-circuit, re-
sponsive to the actuation of said operation-main-
taining relay-means, for ‘maintaining the actua-
tion of said operation-maintaining- relay-means,
forward-controlling means, responsive to- the
actuation of said operation-maintaining ‘relay-
means, for closing said forward-phase-sequence
switching-means, forward-terminating means, re-
sponsive to the operation-presetting ‘means, -for
opening sald forward-phase-sequence switching-
means, and additional control-means, responsive
to the opening of the forward-phase-sequence
switching-means and responsive also to & con-
tinued actuated condition of said operation-
maintaining relay-means, for setting in motion
some one or more operations of sald other switch-
ing-means, sald additional control-means includ-
ing & timer-means, responsive to the initiation
of a predetermined operation of sald ' other
switching-means and responsive also to a con-
tinued responded conditfon of sald track-relay
means, for ' interrupting said operation-relay
holding-circult, said timer-means ‘Including a
self-energized holding-circuit  which is respon-
stve to a continued responded condition of satd
track-relay means.

16. In combination, a self-propelling, poly-
phase-motored; ‘movable body, a track therefor,
a -polyphase motor-energizing circuit which is
continuously connected to sald polyphase-mo-
tored body, a polyphase energy-circuit, polyphase
switching-means for connecting and disconnect-
ing ‘said polyphase motor-energizing circuit to
and from said polyphase energy-cireuit in either
the forward or reverse phase-sequence, track-re-
1ay means which is selectively resvonsive to a pre-
determinable position of the polyphase-motored
movable body at any one of g plurality of selec-
table points along the track, operation-presetting
means for utilizing said track-relay means for
terminating the forward-phase-sequence energt-
- zation of the polyphase motor-energizing cireuit,
an operation-maintaining relay-means, starting-
means for initlally actuating said operation-
maintaining - relay-means, an operation<refay
holding-circuit, responsive to the actuation of
sald operation-maintailning relay-means, for
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maintaining the actuation of sald operation-
maintaining relay-means, forward-controlling
means, responsive to the actuation of said opera-
tion-maintaining relay-means, for closing said
polyphase switching-means in a desired forward
phase-sequence, forward-terminating means, re-
sponsive to the operation-presetting means, for
opening said forward-controlling means, reverse-
controlling means, substantially simultaneously
responsive to the operation-presetting means and
responsive also to an open condition of the poly-
phase switching means in the forward phase-
sequence, for closing said polyphase switching-
means in the reverse phase-sequence, reverse-
power presetting-means for presetting the re-
verse-power operation, and reverse-terminating
means, responsive to the reverse-power preset-
ting-means, for opening the polyphase switching-
means, the apparatus also including an opera-
tion-terminating relay having a relay-contact in
said operation-relay holding-circuit for interrupt-
ing said operation-relay holding-circuit, said op-
eration-terminating relay including a self-ener-
gized holding-circuit which iIs responsive to a
continued responded condition of said track-relay
means.

17, In combination, a self-propelling poly-
phase-motored, movable body, a track therefor, a
polyphase motor-energizing circuit which is con-
tinuously connected to said polyphase-motored
body, a polyphase generator having a fleld-wind-
ing circuit, field switching-means for performing
a controlling operation on said fleld-circuit, poly-
phase switching-means for connecting and dis-
connecting said polyphase motor-energizing cir-
cuit to and from sald polyphase generator in
either the forward or reverse phase-sequence,
track-relay means which is selectively respon-
sive to a predeterminable position of the poly-
phase-motored movable body at any one of a
plurality of selectable points along the track, op-
eration-presetting means for utilizing said track-
relay means for terminating the forward-phase-
sequence energization of the polyphase motor-
energizing circuit, an operation-maintaining re-
lay-means, starting-means for initially actuating
-said operation-maintaining relay-means, an op-
eration-relay holding-circuit, responsive to the
actuation of said operation-maintaining relay-
means, for maintaining the actuation of said op-
eration-maintaining relay-means, forward-con-
trolling means, responsive to the actuation of
said operation-maintaining relay-means, for
closing said polyphase switching-means in a de-
sired forward phase-sequence, field-controlling
-means, responsive to an actuated condition of
sald forward-controlling means and responsive
also to an open condition of said fleld switching-
means, for closing sald field switching-means,
a fleld-controlling holding-circuit, responsive to
the closing of said fleld switching-means and re-
sponsive also to a continued actuated condition
of sald operation-maintaining relay-means, for
maintaining the closed condition of sald fleld
switching-means, forward-terminating means,
responsive to -the operation-presetting means, for
opening said forward-controlling means, reverse-
controlling means, substantially simultaneously
responsive to the operation-presetting means and
responsive also to an open condition or the poly-
phase switching-means in the forward phase-
gsequence, for closing sald polyphase switching-
mear_ls in the reverse phase-sequence, reverse-

-10

16

20

30

35

40

45

50

55

60

70

16

‘power presetting-means for presetting the-re-

verse-power operation, and reverse-terminating
means, responsive to the reverse-power preset-
ting-means, -for opening the reverse-controlling
means and the fleld-controlling holding-circuit,
said reverse-terminating means including a self-
energized holding-circuit which is responsive -to
a continued responded condition of said track-
relay means, the apparatus also including an op-
eration-terminating relay having a relay-contact
in said operation-relay holding-circuit for inter-
rupting said operation-relay holding-circuit, said
operation-terminating relay including a self-
energized holding-circuit which is responsive to
a continued responded condition of.said track-
relay means.

18. The invention as defined in claim 15, char-
acterized by the track-relay means being of the
retained-contact type having a reset-coll, and
the combination including reset-means for en-
ergizing said reset-coil.

19. The Invention as defined in claim 186, char-
acterized by the track-relay means being of the
retalned-contact type having a reset-coll, and
the combination including reset-means for en-
ergizing sald reset-coil.

20. The invention as defined in claim 17, char-

-acterized by the track-relay means being of the

retained-contact type having a reset-coil, and
the combination including reset-means for en..
ergizing sald reset-coil, .

21. In combination, a load-circuit, power-sup-
ply means therefor, automatic control-means op-
erative, once it is set in operation, to carry
through a predetermined series of a plurality of
successive switching-operations affecting the
power-supply to said load-circuit, a plurality of
presetting adjustment-means for said automatic
control-means, a resetting means for resetting
sald automatic control-means after the comple-
tion of its operation, an operation-starting cir-
cuit for sald automatic control-means, a hold-
ing-circult for sald automatic control-means,
mesans including a relay-contact In said holding-
circuit for interrupting said holding-circuit after
the conclusion of the operation, and means re-
sponsive to a subsequent operation of said reset-
ting means for reclosing sald relay-contact in
the holding-circuit.

RUEL C. JONES.
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