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3,316,469
PLURAL MOTOR REMOTE CONTROI, SYSTEM
Paul A. Dicke, New Bremen, Ohio, assignor to Crown
.- Controls Corporation, New Bremen, Ohio, a corpora-
tion -of Chio : ;
Filed Sept. 3, 1963, Ser. No. 305,936
8 Claims. - (CL. 318—41)

This invention relates to -a remote control system and
more particularly to a remote control system for use
with an antenna. rotator, although not necessarily so
limted. ) -
- . At present, the usual antenna rotators drive radio or
television antennas at a speed approximating one revolu-
.tion per minute. Although it would be desirable to posi-
tion antennas in an optimum direction at a faster speed,
one revolution per minute has been considered the fastest
acceptable rate. .Due to the weight and length of an-
.tennas, acceleration to a faster rotational speed could
Create too great a torque on the antenna mast when initi-
ating the rotational drive. Also, the momentum of an
antenna rotating at a faster speed, when suddenly stopped,
may cause the antenna to overrun and thus, it may not be
1in precisely the position desired or indicated at the con-
trol point, - Moreover, the user of the antenna rotator
control may not know, in advance, the precise antenna
position for optimum reception, Therefore, the nser must
often “feather in” to the precise antenna direction desired.
For example, if the antenna is used in connection with a
household television receiver, the user would observe the
television picture and set the antenna to that position
which results in the clearest picture. If the antenna
rotates at too great a speed, such “feathering in” would
be difficult due to the tendency to overrun.

An object:of this invention is the provision of a method

and apparatus for increasing the acceptable speed of ro-
tatable antenna drives.
. In accordance with this invention, an antenna is driven
at one rate during the initial and final stages of rotation
and-at another, faster rate during the remaining portion
of its rotation. ‘For example; the antenna may be driven
at one revolution per minute during the first and last few
degrees. of travel and at two revolutions per minute
throughout the remainder of travel. With a more elabo-
rate system, the antenna may be rotated at even greater
speeds by gradually. increasing the rotational speed at
the beginning of travel and gradually decreasing the speed
at the end of travel. Accordingly, a further object of
this inventnon is to provide apparatus for increasing and
decreasing the. rotational speed of am antenna during its
travel.

In my copending application for United States Leétters
Patent entitled, “Plural Motor Remote Control System,”
Ser. No. 39,840, filed in the United States Patent Office
on June 30, 1960, now Patent No. 3,102,218, a plural
motor remote control system which may be used as an
automatic antenna rotator is described, This system. uti-
lizes similar proximal motors and servo or distal motors,
each having two sets of field windings cooperating. for
driving. the motors in ‘a selected- direction. - The ' distal
motor is selected so as to have a speed slightly greater,
although not much- greater, than the speed of the proxi-
mal motor, so that when the distal motor drives a load,
such as an antenna, the load slows the distal motor so as
to have substantially the same rate of speed as the proxi-
mal motor. Thus, the two motors are substantially in
synchronism. - A switch ‘mechanism is described in said
aforementioned patent application having three positions,
one is a neutral position, one is for clockwise movement
of the proximal motor, and another: for counterclock-
wise movement thereof.. The switch also- includes an
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actuator having a linear travel for actuating - the switch
mechanism from orie ‘position to another.. - The ‘actuator
in turn is controlled by a cam mechanism and a cam fol-
lower, the ‘cam “mechanism having “two concentric cam
surfaces, one of which has a larger diameter than the
other, one for clockwise movement and one for counter-
clockwise movement. = The two <oncentric cam surfaces
are connected- by a: diagonal surface, the midpoint of
‘which places the switch- actuator in the reutral or “off”
‘position. .- The cam member may be manually moved to
actuate the switch’ méchanism, causing the distal motor
to -rotate either in 4 clockwise or in a-counterclockwise
direction. -The proximal motor is. actuated at the same
time to drive the cam follower back to the diagonal, neu-
tral or “off” position. Thus, as the distal motor drives
the load, the proximal motor drives a- cam actuated
switch mechanism to its “off” position. The instant .in-
vention is described herein with relation to such an auto-
matic rotator. control. It is to be understood, however,
that the instant invention may also be used in connection
with a manual or semi-automatic antenna rotator.

A further object of this invéntion is to provide a simple
switching device in association with the control for a
proximal motor for actuating a distal motor.

Another object of this invention is to provide a simple
switching device for varying the speeds of rotation of
units driven by a proximal motor and a distal motor.

Still another object of this invention is to provide a
simple solenoid controlled variable gear mechanism,,

Other objects and advantages reside in the constriction
of parts, the combination thereof, the method of manu-
facture and the mode of operation, as will béecome more
apparent from the following description,

In the drawings: L

FIGURE 1 is a perspective view of a control unit made
in accordance with this invention,

FIGURE 2 is a cross-sectional view of the control unit
of FIGURE 1. '

FIGURE 3 is a
unit of FIGURE 1. .

FIGURE 4 is a plan view of a switch used in the con-
trol mechanism.

FIGURE. 5 is'a cross-sectional view of a portion of
the switch, as viewed in the direction of arrows 5—5 of

plan view of a cam used in control

5 FIGURE 4.

FIGURE 6 is an enlarged view of a portion of ‘a drive
mechanism made in accordance with this invention.

FIGURE 7 is a schematic wiring diagram. of the con-
trol system made in- accordance with.this invention,

FIGURE 8 is a schematic illustration of a modified
control system made in accordance with this invention.

Referring to the drawings in greater detail and in par-
ticular to FIGURES 1. and 2, the reference character 10
indicates broadly the housing for- a  control unit made
in-accordance with this invention. The -control unit in-
cludes a control or proximal motor 14, a transformer 16,
a switch mechanism 18, an adjustable cam 20 and a
pointer 22, ‘

Referring to FIGURES 6 and 7, an-anfenna drive,
servo or distal motor 24 is connected in parallel with
the proximal motor 14. As will be described below, the
distal motor 24 is mounted in close proximity -to an an-
tenna mast 150 and is driven substantially in synchro-
nism with the, motor 14.  Although the motors are not
synchronous, the motors have been selected with such
speed characteristics that the two motors have substan-
tially identical speeds under normal load conditions, = In
order to prevent the antenna leads from being twisted, it
is necessary to confine the rotary motion of the distal
motor 24 in -each direction to one revolution of the an-
tenna driven thereby plus a few degrees as, for example,
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to an angle of 365° in each direction. Since the mecha-
nism for limiting the rotation of the motors in either di-
rection forms no part of the instant invention and such
mechanism is described in my aforesaid copending appli-
cation, Ser. No, 39,840, now Patent No. 3,102,218, to
which reference is made, it is mot described in detail
herein.

With reference to FIGURE 7, the secondary winding

of the transformer 16 has one terminal grounded at 30, -

the grounded terminal being series connected to one ter-
minal of each of the windings 32 and 34 of the motor 14
and to one terminal of each of the windings 36 and 38 of
the distal motor 24. The switch mechanism 18 may have
a contact 40 adapted to be series connected through a
movable contact 50 to the secondary winding of the trans-
former 16 to supply electrical energy directly to the wind-
ings 34 and 38. A phase-shifting impedance, such as a
condenser 42, connects the ungrounded terminals of the
windings 32 and 36 to the contact 40. By this arrange-
ment, as is well known to those skilled in the art, a lead-
ing current is supplied to the windings 32 and 36, which
current leads the current supplied to the windings 34 and
38. This will cause the motors 14 and 24 to rotate in one
direction. By shifting the contact 50 from the contact 40
to a contact 44, the current from the secondary winding
of the transformer 16 is then supplied to the ungrounded
terminals of the windings 32 and 36, the leading current
being then supplied to the ungrounded terminals of the
windings 34 and 38, thus reversing the direction of the
motors 14 and 24. :

" Referring to FIGURE 4, in connection with FIGURE
7, the switch mechanism 18 for accomplishing the reversal
of direction of rotation of the motors 14 and 24 is as fol-

lows. The movable contact 50 is mounted upon an actu- ;

ating bar 52 that is slidably mounted such that the contact
50 may be selectively engaged with a centrally located
open contact 54 and either of the contacts 40 and 44.
Mounted upon the opposite-side of the actuating bar 52
from the contact 50 is another movable contact.56 adapted
to engage an open transformer contact 58 when the con-
tact 50-is engaged only with the contact 54. Note that the
contacts 50 and 54 are shorter than the separation be-
tween the contacts 40 and 44, so that the only .open con-
tacts 54 and 58 may be engaged by the contacts 50 and
56, respectively. When the actuating bar 52 is moved
such that the contact 30 engages the contact 48, the con-
tact 56 will then be in engagement with a transformer
contact 60a, which completes a circuit through the pri-
mary winding of the transformers 16 and the source S.
Similarly, when the actuating bar 52 is positioned to place
the contact 50 in engagement with the contact 44, the
contact 56 will be engaged with a transformer contact
60b. The contacts 60a and 60 are connected together
such that the primary winding of the transformer 16 is
connected to the source S regardless of which of the con-
tacts 60z or 60b is engaged by the contact 56. As ap-
parent from an inspection of FIGURES 4 and 7, the
movable contact 50 is also adapted to engage a contact
40a and a contact 44a which are, respectively, electrically
the same as the contacts 40 and 44. At the same time,
the movable contact 56 is adapted to engage fixed contacts
60c and 60d at ‘the extreme ends of movement of the
actuating bar 52, which contacts are electrically identical
to the contacts 60z and 60b. The latter contacts 40a,
44a; 60c and 60d are required for actuation of a speed
change mechanism which will be described in detail below.

The fixed switch contacts 40, 40a, 44, 44a, 54, 58 and
604 through 60d are mounted on spaced support members
64, there being five such support members 64 on each side
of the actuating bar 52. For clarity, the spacing between
the support 64 is somewhat magnified in FIGURE 2.
Support for the members 64 is provided by a switch sup-
port plate 66 rotatably mounted in a bushing 68, which
in turn is mounted in a frame member 74 fixedly mounted
upon a bracket 76 supported in the bottom of the housing
10. The switch support plate 66 is provided with a down-
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wardly extending annular geared flange 78 having internal
gear teeth 80 meshing with a pinion 82 mounted for rota-
tion upon the frame member 74. The pinion 82 is driven
by a drive gear 84, which in turn is rotated by a variable
speed gear mechanism, generally designated 86, to be
described below. The input gear 88 of the gear mecha-
nism 86 derives its rotation from a pinion 90 driven by
the motor 14. As will appear below, when the motor
14 rotates in one direction, the entire switch mechanism
mounted upon the plate 66 rotates in a clockwise direction
and when the motor 14 rotates in the opposite direction,
the switch mechanism rotates in a counterclockwise direc-

~ tion.

The mechanism for driving the actuating bar 52, and
accordingly controlling the switch mechanism 18, is illus-
trated in FIGURES 2, 3 and 4 and includes the cam mem-
ber 20, which has a cam groove 102 therein, within which
is Teceived a cam follower pin 104 mounted on one end
of the actuating bar 52. The cam member 20 has a pe-
ripheral portion 100 mounted for rotation on the frame
member 74. A cover plate 106 for the housing 10 has a
plurality of depending hooks 108 projecting through co-
operating apertures in the peripheral portion 160 of the
cam 20 such that one may manually rotate the cover
member 106 in turn to rotate the cam 20. Notations may
be made on 2 scale 110 on the control housing 10, the
notions cooperating with an indicant 106a, whereby the
user of the device may set the indicant 1664 to a selected
position on the scale 110 which corresponds to a desired
direction of antenna position.

Referring to FIGURE 3, the cam groove 102 consists
of an outer circular portion 102¢ and an inper circular
portion 1025 connected by a generally diagonal or median
connecting portion designated 102c. The cam grooves
1902 and 102b provide two concentric, radially offset cam
surfaces and the diagonal or median portion 102¢ pro-
vides a plurality of radially decreasing cam surface steps,
designated 1024, 162¢ and 102f. The cam follower pin
104, and thus the bar 52, are moved linearly only when
the pin 104 is slidingly engaged with one of the radially
decreasing steps 102d, 102¢ or 102f. If the cam follower
pin 104 is in the grooved portion 102q, the contact 50 is
engaged with contacts 44 and 44a and the motor 14 drives
the cam follower 104 in a clockwise direction, as viewed
in FIGURE 3. Since the cam portion 102« is circular,
the actuating bar 52 is not moved felative to the fixed
contacts 44 and 44a during the travel of the pin 104 in the
groove 102a. As the pin 104 engages the portion 1024,
the bar 52 is moved. relative to the fixed contacts until
the cam. follower 104 reaches substantially the midpoiiit
of the center step 102f of the connecting groove 102c, at
which time only the open contacts 54 and 58 are engaged
by the contacts 50 and 56, respectively. Thereupon, both
the motor 14 and the motor 24 are disconnected from the
source S and the rotation of the motors 14 and 24 ‘will
be arrested. If the cam follower 104 is located in the
inner groove 1025, as viewed in FIGURE 3, the cam fol-
lower 104 will similarly be rotated in a counterclockwise
direction until it reaches the midpoint of the step 102f,
whereupon the switch 18 will again be open-circuited.

The pointer 22 is mounted by pins 120 upon spaced
flange members 122, 124, 126 and 128, which have op-
posed surfaces providing a guideway for the actuating
bar 52. The midportion, designated 106b, of the cover
plate 106 is transparent so that the pointer 22 may be
viewed from above the housing 10. As the motor 14
drives the cam follower support plate 66, in turn causing
the switch 18 to be actuated, the pointer 22 rotates into a
position aligned with the indicant 106a- The relation-
ship between the pointer 22 and the indicant 106a is
such that they will be aligned when the cam follower 104
arrives at the neutral or “off” position 1027 and the rota-
tion of the motors 14 and 24 is thus-arrested: Of course,
due to the substantial synchronism of the motors 14 and
24, the position of the. pointer 22 indicates the antenna
position at all times. ) o
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- The operation of the mechanism thus far described will
be apparent to those skilled in the art. The antenna
drive or distal motor 24, which is drivingly connected
to the antenna mast 150 in any suitable fashion, causes
the antenna to rotate if the cam member 26 is rotated
to any selected position out of alignment with the pointer
22. This -occurs because the cam follower pin 104 is
thereby located in one of the circular cam grooves 1024
or 1025, causing both the motors 14 and 24 to rotate.
The distal motor 24 rotates the antenna while, at the
same time, the proximal motor 14 rotates the cam follower
pin 104 toward the cam step 102f such that both motors
are arrested when the antenna reaches the optimum posi-
tion for the selected radio or television station. The
structure and operation of the motor control system thus
far described is similar to that described in my aforemen-
tioned copending application Ser. No. 39,840,

It will be appreciated that, by the provision of the sev-
eral steps in the cam groove 162, it is possible to actuate
several switches or other mechanisms for changing the
rotational speed of the antenna mast 150 and of the cam
follower pin 164. In accordance with this invention, it
is' desired that the speed of rotation of the antenna be
increased by increments up to a maximum speed and as it
comes to the end of its travel, the speed of rotation of the
antenna is decreased by increments. This is accomplished
in the embodiment disclosed herein by utilizing the steps
1624 and 102¢ in the cam groove 102, the portions 1024
and 102¢ being on each side of the median step 1027 and
separated therefrom by radially offset steps 102g and
102h, respectively. As the cam 28 is rotated relative to
the cam follower pin 104, so as to offset the cam follower
position from the neutral, median position 1024, either
the contact 49 or the contact 44 is engaged by the contact
50, whereupon the antenna is rotated at substantially one
-revolution per minute. The initial rotational speed re-
mains constant while the pin 104 moves along the steps
102g and 102h. As the cam follower pin 104 moves
along the radially varying steps 1024 or 102¢ toward
either the groove 102a or 102b, the bar 52 is moved rela-
tive to the fixed contacts to actuate mechanism for chang-
ing the rotational speed of the antenna. The mechanism
for changing the speed of rotation of the antenna could
take a variety of forms.
motors could be used. The presently preferred embodi-
ment disclosed herein is to provide switch controlled
means for varying the gear mechanism 86 between the
motor 24 and the antenna mast 159. This gear mecha-
nism 86 is identical for both the antenna drive, shown in
FIGURE 6, and for the cam follower drive, shown in
FIGURE 2.

Schematically illustrated in FIGURE 6 is the rotatable
antenna mast 150, upon which is affixed an antenna drive
gear 152 driven by the output gear 154 of the antenna
gear drive mechanism 86 mounted upon a bracket 156
that in turn is supported upon a suitable fixed support

158." The gear mechanism 86 includes a center shaft

168, which is mounted for rotary and lineal movement
within a pair of spaced bearing members 162 supported
by the bracket 156. A comparison of FIGURES 2 and 6
will reveal that the pinion 99 may either be cut into the
surface of the output shaft of the motor associated there-
with, as indicated in FIGURE 6, or may be splined
therein; as indicated in FIGURE 2. The input gear 88,
which is coaxial with the center shaft 160, derives its

support from an enlarged portion 164 of the shaft 160.

Mounted upon the input gear 88 on an axis offset from
the shaft 160 is a vertically upright spindle support 884
for a two-part planet gear 166 having a smaller geared
portion 166a meshed with the teeth of a sun gear 168
fixedly connected to and coaxial with the center shaft

160. The larger geared portion, designated 1665, of the

planet gear 166 is meshed with the teeth of a ring gear
178, which is mounted upon the same plate, designated
172, to which the output gear 154 is mounted. 'Both
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gears 154 and 170 are also coaxial with the center shaft
160. A first annular friction clutch plate 174 is affixed
to the base of the ring gear 176 and a second annular
friction clutch plate 176 is affixed to the top of the input
gear 88. The center shaft 160, and accordingly the por-
tion 164 and the input gear 88 are biased vertically up:
wardly, as viewed in FIGURE 6, by a spring member
178 affixed to the lower leg of the bracket 156. So long
as the center shaft 160 is so biased upwardly, - creating
engagement of the clutch plates 174-and 176, which is
the position illustrated in FIGURE 6, there is a direct
reduction drive between the pinion 90:and the output gear
154, since the gears 88, 166, 168 and 154 rotate as a unit;
The gear reduction is so designed that the member 159 is
rotated at substantially one revolution per minute.

Supported upon the lower leg of the bracket 1586 and
coaxial with the shaft 160 is an annular solenoid 140
including a solenoid coil 140a nested within a Lollow
cup-shaped housing or support member 149b, having ‘a’
vertically oriented, annular outer periphery.. The arma-
ture. of the solenoid 149 comprises a clutch disc 146c
integral with or affixed to the center shaft 160, . Upon
energization of the solenoid coil 1404, the disc 140¢ is
drawn into engagement with the top surface of the mem-
ber 1495, The top surface of the portion 1406 and. the
lower surface of the clutch disc 140c constitute friction
clutch surfaces such that, when engaged, the disc 140¢
cannot rotate. Accordingly, the center shaft 169 and the
sun gear 168 carried thereby will be restrained from rota-
tion. At the same time, the portion 164 lowers with the
clutch disc 140c, whereupon the clutch plate 176 becomes
disengaged from the clutch plate 174 so that the gear 88
may rotate relative to the gear 170. * As apparent, when
the ‘pinion 90 is then rotated, the planet gear 166 will
revolve about the sun gear 168 creating a faster drive
for the ring gear 179 and, therefore, the output gear 154.
Thus, when the solenoid 148 is energized, the speed of
rotation of the output gear 154 and, accordingly, the load
driven thereby, is increased. It should be noted that the’
gear mechanism 86 is so designed that the output speed
is independent of the diréction of rotation, also it may ‘be’
observed in FIGURE 5 that parts of gear mechanism'
which are fixedly connected together, such as the sun gear
168 and the shaft 160, may be integral. o

Since identical gear assemblies 86 and speed change’
mechanisms, or solenoids 1490, therefor are used in con-
nection with both the proximal motor 14 and the distal
motor 24, the circuitry for insuring that the speed change
of the antenna mast 150 is reflected in the cotnro] hous-
ing 10 is comparatively simple. Referring to FIGURE 7,
both solenoids 140 have one terminal connected to the
ground 30 and another terminal connected to switch corn-
tacts 142 mounted on a pair of support members 64 at
opposite ends of the array of members 64. The contacts’
142 are adapted to be engaged by a sliding contact 144
(see FIGURE 5) carried by the actuating bar 52 and
spaced from the movable contact 50. The movable con-
tact 144 also engages a plurality of open contacts 146
intermediate the two contacts 142. As apparent, when
the cam 20 is rotated such that the cam follower pin 104
is located within the cam portions 192g or 1024, the con-.
tact 144 will not have contacted either of the contacts
142. The solenoids 148 thus are not energized.. How-
ever, as the cam 20 is rotated such that the cam follower
is relatively moved with respect to the cam groove 102
such that it passes along either of the grooved portions
102d or 102¢, the bar 52 is moved linearly whereupon
the contact 144 engages one of the contacts 142, causing
both solenoids 146 to be energized.

FIGURE 8 schematically illustrates a more elaborate
speed change system. A cam groove 202 is illustrated
having diagonal portions 202a, 2025, 202¢, 2024 and
202e therein. A cam follower 204 is shown located in
the cam groove 292 with an actuating bar 252 attached
thereto adapted to drive a contact member 250 relative
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to a plurality of spaced contact elements 2690, 262, 264,
266, 268 and 270. The line connection to the contact
member 250 is indicated by contact member 272. It will
be appreciated that, as the cam groove 202 moves rela-
tive to the cam follower 204, the contact member 250
will selectively engage the various contacts 260, 262, 264,
266, 268 and 270. The various contact members 260
through 270 may be used to control either mechanical,
electrical, or electrical-mechanical means for changing
the speed of rotation of the proximal and distal motors
14 and 24 or the loads driven thereby. Therefore, it
may be seen-that by providing the more elaborate cam
groove 202, a variety of rotational speeds may be made
available. Of course, it is to be understood that FIGURE
8 is only schematic and that the cam groove 202 will
actually be arcuate, each of the diagonal portions 202a
through 202e being radially offset, as in the case of the
cam groove 102 shown in FIGURE 2. Similarly, the
various elements 250 through 272 may correspond to the
elements of the switch 18 shown in FIGURE 4.

In review, in the embodiment described in FIGURES
1 through 7, the motors 14 and 24 are rotated at sub-
stantially one revolution per minute when the pin 104 is
located in either cam step 102g or 102Ah, because the
contact 50 is accordingly engaged with either the contact
490 or the contact 44. ~ As the cam follower 104 is moved
relative to the cam groove 102 along either groove por-
tion 102d or 102¢, the solenoids 140 are energized, since
the movable contact 144 engages one of the fixed contacts
142, Upon energization of the solenoids 14@, the rota-
tional speed of the output gears 154 is increased. This
speed increase may be of the order of 2 to 2.5 times the
initial rotary speed of the gears 154. - Accordingly, the
antenna will be driven at two or two and one-half revo-
lutions per minute. The initial relative movement of the
cam follower 104 relative to the cam groove 102 is caused
by rotation of the cam member 2& upon manual rotation
of the cover member 106." Thereafier, the proximal or
control motor 14 drives the cam follower 104 back to the
midpoint of the step 102f. As the cam follower 104 is
so driven, if located in either groove portion 102a or 1025,
the antenna 156 will be driven at the increased speed.

When the cam follower reaches the step 102d or 102e,
as the case may be, the antenna speed is reduced to sub-
stantially one revolution per minute. The rotation of
the motors 14 and 24 is then arrested when the cam fol-
lower reaches the step 102f. Thus, the antenna speed
is automatically increased up to a faster rate than presently
deemed acceptable. At the same time, there is no great
surge of torque npon the antenna mast because the initial
speed approximates one revolution per minute. Simi-
larly, it is possible to accurately “feather in” to an opti-
mum antenna direction, since the antenna speed slows to
one revolution per minunte before coming to a stop. The
steps 102g and 102h may represent approximately 10° of
antenna rotation so that minor antenna direction adjust-
ments may easily be made with the antenna rotating at
only one revolution per minute within 10° on each side
of the antenna position. The system schematically illus-
trated in FIGURE 8 provides a further extension of the
principle disclosed in FIGURES 1 through 7.

Although the presently preferred embodiment of the
device has been described, it will be understood that within
the purview of this invention various changes may be
made in the form, details, proportions and arrangement
of parts, the combination thereof and mode of operation,
which generally stated consist in a device capable of car-
rying out the objects set forth, as disclosed and defined
in the appended claims.

Having thus described my invention, I claim:

1. The combination including:

an energy source, a reversible antenna drive motor;

means connecting said motor to an antenna for ro-

tation thereof, said means connecting said motor to
an antenna including a variable speed gear mecha-
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nism and speed change means connected to said var-
jable speed gear mechanism, said speed change means
including mechanism varying the ratio between the
input and output of said gear mechanism by opera-
tion of said speed change means; .

switch means connecting said energy source to said
drive motor for selectively actuating said motor in
a forward or a reverse direction to thereby rotate
said antenna in a forward or reverse direction, said
switch means including a switch setting means con-
nected to said switch, said switch setting means in-
cluding a manually rotatable cam having an arcuate
cam surface and a cam follower connected to said
slidable switch actuator and operatively engaged by
said cam surface for setting the switch position, por-
tions of said cam surface having a changing radius
for shifting said switch from one position to another,
said switch means being connected to said speed
change means so that said speed change means is
actuated at predetermined relative: positions of said
cam and said cam follower;

a control motor, said control motor being adapted to
be connected to said enmergy course through said
switch means, said control motor being connected to
drive said cam follower with respect to said cam
surface from a manually selected position wherein
<aid switch means connects said energy source to said
control motor toward a surface portion of said cam
in which said follower causes said switch to discon-
nect said drive motor from said source.

2. The structure of claim 1 wherein said control motor
is connected to said source by said switch means whereby
said control motor is disconnected from said source when
said drive motor is disconnected from said source, where-
in said control motor is connected to said cam follower
by means including a variable gear mechanism substan-
tially identical to said aforementioned variable gear
mechanism, and wherein additional speed change means
controlled by said switch means varies the speed ‘of said
cam follower when-the speed of said antenna is changed.

3. The combination including: )

an energy source, a proximal motor, a distal motor for
driving a load;

switch means connected between said energy source
and said proximal motor and said energy source
and said distal motor, said switch means including
a movable actuator capable of being positioned in a:
plurality of different positions and carrying a plu-
rality of switch contacts connectable in its different
positions, said switch means further comprising &
cam follower connected to said actuator, said switch
means further including a cam member having two
concentric surfaces, -one of which has a larger
radius than the other, and a diagonal cam surface
connecting between said concentric cam . surfaces,
said cam follower being in contact with one of said
cam surfaces, said diagonal cam surface having a
plurality of steps of decreasing radius, said proximal
motor being connected to control the position of said
cam with respect to said cam follower whereby said
switch means is moved to a plurality of different
positions upon relative movement of said cam mem-
ber and said cam follower.

4. The structure of claim 3 wherein cam follower drive
means connects said proximal motor to said cam follow-
er, and said cam follower, when engaged with one of
said steps of said cam member, actnates said switch to
an “off” position thereby disconnecting said motors from
said energy source, said cam follower drive means caus-
ing said cam follower to move along said cam surfaces
toward said one of said steps until said follower is en-
gaged with said one of said steps. :

5. The structure of claim 4 wherein said distal motor
is connected to a load by a variable speed gear mechanism
and said cam follower drive means includes a substan-
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tially identical variable speed gear mechanism, the output
speeds. of said gear mechanisms being controlled by a
pair of solenoids, one for each gear mechanism, connected
to said source by said switch means, said switch means
being constructed to cause said solenoids to be energized
at the same time.

6. The structure of claim 4 wherein said cam follower
drive means includes a variable speed gear mechanism,
said gear mechanism comprising, a center shaft, support
means mounting said shaft for rotation about and lineal
movement along a fixed axis, a sun gear fixedly connected
to said shaft for rotation about said axis, an input gear
driven by said proximal motor and supported on said
shaft for rotation about said axis, a ring gear mounted
for rotation on sajd shaft about said axis, an output gear
connected to said cam follower and connected to said ring
gear and coaxial therewith, a planet gear mounted on said
input gear for rotation about an axis offset from said
fixed axis, said planet gear including a first geared portion
meshed with said sun gear and a second geared portion
meshed with said ring gear, first clutch means locking
said input gear to said ring gear whereby said input gear
and said output gear rotate together, means actuating said
first clutch means, speed change means releasing said first
clutch means whereby said ring gear may rotate relative
to said input gear, and second clutch means actuated by
said speed change means restraining rotation of said shaft
and thereby said sun gear when said first clutch means is
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released whereby said planet gear revolves about said sun
gear as said input gear rotates.

7. The structure of claim 6 wherein said first cluich
means comprises cooperating clutch plates on said input
gear and said ring gear, said means actuating said first
clutch means comprising bias means biasing said center
shaft such that said clutch plates are engaged, and said
speed change means includes a solenoid cooperating with
said shaft to overcome said bias means, the operation
of said solenoid being controlled by said switch means.

8. The structure of claim 7 wherein said solenoid in-
cludes a housing, a coil disposed within said housing, an
armature plate affixed to said center shaft, said plate being
drawn toward said housing upon energization of said coil,
and said second clutch means comprises cooperating
clutch surfaces on said armature plate and said housing.
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