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VARABLE SWITCH OPERATED POS 
TIONING SYSTEM 

Maurice D. Bennett, Glenbrook, Conn, assignor 
to The Reflectone Corporation, Stamford, 
Conn., a corporation of Connecticut 

Application December 20, 1952, Serial No. 327,141 
(C. 318-9) 3 Claims. 

This invention relates to a means for trans 
mitting information from one place to another 
and has particular reference to a System in Which 
mechanical motion is transmitted electrically to 
be reproduced at a remote location. 

Prior devices which transmit mechanical in 
formation to a remote point are either mechan 
ical or electrical. The flexible shaft is a wholly 
mechanical device for transmitting such informa 
tion but its application and use is limited by the 
practical length of the flexible cable. In the elec 
trical field the generic name "synchro' applies to 
various types of electromagnetic devices which 
when used in the combination of a transmitter 
and a receiver transmit mechanical rotation elec 
trically to a remote point. 
These synchros are rather complex and are 

therefore expensive positioning devices which re 
quire accurate phasing of voltages and other care 
during manufacturing and later use in the field. 
The present device being an electro-mechanical 
system is characterized by great simplicity there 
by being applicable where the use of Synchros is 
not economically feasible. 
One of the objects of this invention is to pro 

vide a positioning system which avoids One 
or more of the disadvantages of prior art ar 
rangements. 

Another object of this invention is to provide 
an electro-mechanical positioning system in 
which mechanical displacement is sensed and 
transmitted electrically to a remote point for re 
production as mechanical motion. 
Another object of the invention is the use of 

a positioning system using revolving cams, the 
relative positions of which is reproduced at a 
remote point, 

Still another object of the invention is the 
provision of a remote positioning System char 
acterized by extreme simplicity and greatly re 
duced cost. 
The invention comprises a pair of variable 

switching means. Each switching means is 
equipped with a first and a second revolving can 
which rotate in the same direction and at the 
same speed. The second cam by means of a 
differential is angularly adjustable with respect 
to the first cam. A switch adapted to alternately 
open one circuit when a second circuit is closed, 
is associated with each of the switching means. 
The consecutive opening and closing of these cir 
cuits is actuated by the cyclic rotation of Said 
first and said second cam respectively of the 
switching means associated therewith. Each 
switch is connected to a motor which is adapted 
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for cyclic operation in a bidirectional manner as 
controlled by the relative angular positions of 
the pair of cams associated with each SWitching 
means. A differential is used to combine the 
shaft rotations of the pair of bidirectional no 
tors and means are provided for positioning the 
adjustable cam of One of said Switching means 
in accordance with the resultant output of the 
differential. 

For a better understanding of the present in 
vention together with other and further objects 
thereof reference is made to the following de 
scription taken in connection with the accom 
panying drawings in which: 

Figure 1 is a top view of the variable switch 
ing means; 

Figure 2 is a cross sectional view of the Switch 
ing means taken along the line 2-2 of Figure 1; 

Figure 3 is a cross sectional view taken along 
the line 3-3 of Figure 1; 

Figure 4 is a schematic view of the positioning 
system employing a pair of variable Switching 
means; and 

Figure 5 is an alternate example of a gear 
transmission shown in Figure 4. 

Explaining first the operation of the variable 
switching means, the basic element of the pres 
ent positioning system, reference is made to Fig 
ures 1, 2 and 3 in which a base 8 supports two 
vertical bearing plates and 2 Which carry 
nearly all of the rotating members. A constant 
speed motor 3 is mounted on the base and turns 
a gear 4 which in turn drives a gear 5, loose 
on shaft 6 but secured to a first bevel gear ll 
which is part of a differential gear mechanism. 
Gear 5 also meshes with another gear 8 which 
carries a cam 20 and rotates freely on shaft 2 f. 
A cam follower roller 22 is resiliently pressed 

against the edge of cam 29 and is coupled to a 
switch mechanism 23, commonly termed micro 
switch. This switch is constructed with a toggle 
action and its characteristics are such that op 
erating arm 24 must be moved a definite distance 
to one side of a central position to operate the 
switch arm in one direction, and a similar defi 
nite distance to the other side of the central 
position to operate the Switch in the other di 
rection. This means that when the SWitch arm 
24 is held in the central position the Switch 
contacts may be either open or closed, depend 
ing upon the previous arm movement. 
The cam face of cam 20 is a circle except for 

one depression 25 and the switch mechanism 23 
is adjusted so that this cam face holds the arm. 
24 in the central position. When, during an 
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operation, the roller 22 drops into depression 25 
the Swit?ch is opened if it had previously been 
closed and after being opened the Switch is held 
in that condition until operated upon by Some 
other force which will move the arm 24 in a di 
rection away from can face 23. 

Shaft, is is journalled in plates. and 2 and 
supports gears 3, near One plate and a pail 
of similar gears 26, 27 neal the other plate. 
These gears rotate freely on shaft 6. A bevel 
gear 28 meshes with bevel gea's 26 and 7 and 
turns on a stub shaft 3 which is part of block 
3 secured to shaft S. Shaft 6 also is secured 
to a manually operable dial 32 which may ex 
tend beyond the base and which is engaged by 
a fliction pad 33. 
Gear 2, which is secured to bevel gear 26, 

meshes with an idler gear 34 which turns a Sec 
ond idler gear 35 meshing with a larger gear 38 
mounted for free turning on shaft 2. Gear 36 is 
the same size as gear 8, and, since the idler gears 
34 and 35 are the same size, and gear combina 
tions 5-fi and 26-27 are identical, gears. 36 
and is turn at the same speed and in the Same 
direction as long as shaft 6 remains Stationary. 
A second can 3 is secured to bar 3 and has 

a cam face which engages, roller 22 to move arm 
24, and close the contacts in SWitch 23. After 
the contacts have been closed, the return of 
arm 25 to its central position does not open the 
contacts until the roller moves into depression. 25. 
The operation of this device is as follows: 

With the motor 3 running at or near Constant 
speed, gears 8 and 3S revolve in the same di 
lection and at the same speed and Calry cans 
20 and 3 around their common axis in an un 
changed relative position. If the caims are in 
the positions shown in Figure 3 and if they are 
turning in the direction indicated, the Switch 
contacts will be made when roller 22 is engaged 
by cam 3 and then opened by depression 25, 
thereby being in a closed position for a short 
fraction of the time cycle represented by the 
complete revolution of gears 8 and 36. 
In order to increase the time interval during 

which the contacts are closed, dial 32 is turned 
manually in counterclockwise direction, turning 
shaft 3' and bevel gear 28. This momentarily 
increases the speed of gears 23 and 2 and ad 
wances gears 34, 35, and 36 together with cam i? 
3 to set a new angular position between de 
pression 25 and the end of cam 37. The new 
arrangement supplies the load with an electrical 
power pulse of longer duration than previously 
and results in a longer duty cycle for the con- 5, 
trolled load. 
The time interval may be shortened by turn 

ing dial 32 in a clockwise direction, reversing the 
above described operation. 
Toggle switches are generally supplied with 

two stationary contact points and arranged. So 
that one circuit is made when a second circuit 
is opened. This type of Switch may be used 
with a reversing, motor which can be connected 
to run in one direction when one set of contacts 
is closed and to run in the opposite direction 
when the second set of contacts is closed. Such 
an arrangement comprises an integration Sys 
tem, the final result being controlled by the 
1elative setting of the tWO can S. 

It is not necessary to connect the constant 
speed motor 3 to a driving gear 4 as shown in 
Figure 1. The motor may be coupled to shaft 2, 
in which case gear 8 must be Secured to the 
shaft and gear 36 must be free to rotate on it 
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as described above. The device may be made 
with a cage type differential instead of the bevel 
type and any type of toggle SWitch can be used 
With tie device as long as its characteristics in 
clude a central position where the switch may 
be open or closed, depending upon its previous 
actuation. 

Having now described in detail the operation 
of the variabie Switching means, reference is 
made to Figure 4 which shows schematically the 
positioning: Systein making use of a pair of vari 
able Switching in eans. A driving motor 40 run 
ning at or near constant speed, drives via gears 
4f, 42 and 43 a first variable switching means 
which includes the two revolving cams 44 and 
45 described in Figures 1, 2 and 3. Cam 45 is 
angularly adjustable with respect to the depres 
sion 46 of cam 44 by means of dial 47 secured to 
gear 48 and acting upon gear 49. Dial 47 in 
Figure 4 occupies the Sane position and performs 
the same function as dial 32 in Figure 1. A 
toggle switch 50 adapted to open alternately one 
circuit when a second circuit is closed, is oper 
ated by cams 44 and 45 by virtue of its operating 
arm 5 contacting these cams. A reversing or 
bidirectional motor 52 which may consist of a 
synchronous clock motor having two field wind 
ings 52a and 52b, and the rotation of which is 
determined by the respective field winding ener 
gized, is connected to switch 50 by conductors: 53, 
54, 55, a source of electrical energy 56, and con 
ductor 5. With the Switch position being as 
shown in Figure 4, field winding 52b of motor 52 
is energized. Assuming that cams 44 and 45 
rotate in counterclockwise fashion, then, When 
operating arm 5 is contacted by can 45: the 
contact, naking element 50a of Switch 5th will 
close the other circuit so as to disconnect field 
winding 52b and energizefield Winding 52d.there 
by reversing the motor. It can be: seen therefore 
that during each complete revolution of the carns 
43 and 45, motor 52 will cyclically operate in 
forward and reverse rotation. The relative 
amount of forward and reverse rotation of the 
notor is determined by the position of cam 45 
and the depression 4S in cam 44 with respect to 
One another. 
In a similar manner as described above, a Sec 

ond moto 58 drives via gears 59 and 60 a. Second 
variable switching means which includes cam 6 
and adjustable can 62. A second toggle SWitch 
63 is actuated by rotation of cams S and 62. 
This SWitch 63 is connected to a bidirectional 
motor 64 having two field windings 64a and 64b 
respectively. The notor in the same manner as 
described above is operated alternately in for 
ward and reverse direction by the SWitching a C 
tion of toggle switch 63 via a Source of electrical 
energy 65 conductors S6, 67, 68 and 69 respec 
tively. 
Shaft 70 of motor 52 is connected to one input 

side of a differential Ti and the shaft 12 of motor 
64 is connected to the other input side of the 
differential. The output shaft 73 of the differen 
iai is equipped with a pinion T4 acting upon 
rack 5 connected to bar 6. Bar 76 on its other 
end has attached thereto a rack 77 which engages 
gear 78. Gear 8 positions adjustable cam, 62 
with respect to cam 3 in the same manner as 
gear 36 of Figure 3 positions the adjustable can 
37. - 

The operation of this positioning systern may 
be visualized as follows: Motor 4 drives the first 
variable Switching ineans which results in a bi 
directional rotation of shaft ). Motor 58 drives 
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the secondary variable switching means resulting 
in a bidirectional rotation of shaft 12. If cams 
6 and 62 occupy the same angular displacement 
With respect to one another as cams 44 and 45, 
and if the field windings of motor 52 and 64 re 
spectively are connected such that the rotations 
of shafts O and 72 are opposed, then shaft 73 
constituting the output of the differential 7 will 
stand still. When changing the angular position 
of cam 45, a resultant shaft rotation is obtained 
on shaft 73 which in turn is transmitted via pin 
ion T4, rack 75, rack 77 and gear 8 upon adjust 
able cam 62 in Such a manner as to cause cam 62 
to Occupy the same angular displacement with 
respect to cam 6 as occupied by cam 45 with 
respect to cam 46. In such a way when consider 
ing motor 40 at the transmitting end and motor 
58 at the receiving end, a remote positioning sys 
tem or follow-up system is obtained, because any 
change of angular position of can 45 initiated 
by setting of dial 47 is reproduced on cam 62, 
The combination of cams 6 and 62 may be 
brought to a stationary dial (not shown) in the 
very same manner as described and shown in 
connection with Figures 1 through 3. Although 
cams 44 and 6 are shown with their depressions 
being at approximately the same angle, the Sys 
tem will operate if these cams are angularly 
shifted with respect to One another as long as 
the same rotational speed is maintained between 
both variable Switching means. Synchronous 
clock motors for instance have been found to be 
very suitable driving means to occupy the posi 
tions of motors 40 and 58. If the depressions of 
cams 44 and 6 do not occupy the same angle 
with respect to one another the inherent me 
chanical inertia, gear backlash as well as the 
average resultant incremental motion of shaft T3 
attained at the end of the cycle will assure that 
the relative position of cam 45 With respect to 
the depression 46 of cam 44 is reproduced on 
cams 6 and 62 respectively. 

Figure 5 illustrates an alternate gear trans 
mission which may be employed if adjustable 
cam 45 is rotated through an angle which is 
greater than that permissible by the limited 
length of racks 75 or 77. 
Motor 52 with shaft 70 and gear 80 fast there 

on drives the input gear 8 which turns freely 
on shaft 82 but transmits its rotation to a first 
bevel gear 83 of the differential identified in 
general by numeral 7. In a similar manner 
motor 64 With shaft 72 and gear 84 fast thereon 
drives the input gear 85 which turns freely on 
shaft 82 but transmits its rotation to the other 
input bevel gear 86 of the differential. Bevel 
gear 87 meshes with bevel gears 83 and 86 and 
turns on a stub shaft 88 which is part of block 
89 secured to shaft 82. Bevel gear 87 causing 
shaft 82 to rotate as the algebraic mean of the 
rotations of input bevel gears 83 and 86 drives 
gear 90 secured to shaft 82 and meshing with 
gear 78. Gear 78 in turn is used to position the 
adjustable cam 62 in Figure 4. In this manner 
dial 47 which adjusts cam 45 may be rotated 
continuously through any angle without being 
limited by linear motions on the receiving end 
of the system. It is obvious to those skilled 
in the art that various other means may be used 
to transmit mechanical rotation between the dif 
ferential 7 and adjustable cam 62 without de 
parting from the spirit of the invention. 
While there have been described and illus 

trated specific embodiments of the invention, it 
will be obvious that various changes and modi" 
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6 
fications may be made therein without depart 
ing from the field of the invention which should 
be limited only by the scope of the appended 
claims. Other features of the invention dis 
closed are claimed in my co-pending application 
for Letters Patent Serial Number 316,741 with 
filing date of October 24, 1952. 
: What is claimed is: 

1. A positioning System comprising a pair of 
variable switching means, each of Said Switching 
means equipped with a first and a second re 
Wolving can rotating in the Sane direction and 
at the same Speed and Said Second cam by means 
of a differential being angularly adjustable with 
respect to said first cam, a Switch adapted to 
alternately open. One circuit when a second cir 
cuit is closed associated With each of Said Switch 
ing means, the consecutive opening and closing 
of said circuits actuated by the cyclic rotation of 
Said first and Said second cam respectively of 
the Switching means associated therewith, a pair 
of motors each being adapted for bidirectional 
rotation and connected to One of Said Switches 
respectively, each motor operating cyclically in 
a bidirectional manner as controlled by the rela 
tive angular positions of the pair of cams aSSo 
ciated with each Switching means, a differential 
combining the shaft rotations of Said bidirec 
tional motors and means for positioning the ad 
justable cam of one of Said Switching means in 
accordance with the resultant Output of Said 
differential. 

2. A positioning system comprising a primary 
and a secondary variable SWitching means, each 
of said Switching means equipped with a first and 
a second revolving cam rotating in the same di 
rection and at the Sane Speed and Said Second 
cam by means of a differential being angularly 
adjustable with respect to said first cam, a toggle 
Switch adapted to alternately Open. One circuit 
when a second circuit is closed aSSociated with 
each of Said Switching means, the consecutive 
opening and closing of Said circuits actuated by 
the cyclic rotation of Said first and said second 
cam respectively of the switching means asso 
ciated therewith, a pair of motors each being 
adapted for bidirectional rotation and connect 
ed to one of Said toggle Switches respectively, 
each motor operating cyclically in a bidirectional 
manner as controlled by the relative angular 
positions of the pair of cams associated with 
each SWitching means, a differential subtracting 
the Shaft rotations of Said bidirectional motors 
and gear means for Connecting the resultant 
shaft rotation of said differential with the ad 
justable can of Said secondary switching means 
to cause this adjustable cam to follow the angular 
displacement imparted upon the adjustable cam 
of the primary Switching means. 

3. A positioning System comprising a primary 
and a secondary rotating variable switching 
means driven at Substantially the same speed, 
each of Said Switching means equipped with a 
first and a Second revolving cam rotating in the 
Same direction and at the same speed and said 
Second can by means of a differential being an 
gularly adjustable with respect to said first cam, 
a toggle Switch adapted to alternately open one 
circuit when a Second circuit is closed associated 
With each of Said Switching means, the consecu 
tive opening and closing of said circuits actuated 
by the cyclic rotation of said first and said second 
can respectively of the Switching means asso 
ciated therewith, a pair of motors each being 
adapted for bidirectional rotation and connected 
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to one of said toggle Switches respectively, each 
motor operating cyclically in a bidirectional man 
ner as controlled by the relative angular positions 
of the pair of cams associated with each Switch 
ing means, a differential connected to Said bi 
directional motors to SubStract their shaft rota 
tions, gear means between Said differential and 
the adjustable cam of said secondary Switching 
means to impart upon this can an angular dis 
placement proportional to the difference of said 0 

8 
shaft rotations to cause the adjustable cam of 
Said Secondary SWitching means to aSSune the 
Same angular displacement with respect to its 
first can as the angular displacement Selected 
between the cams of said primary switching 
leaS. 

MAURICE. D. BENNETT. 

No references cited. 


