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~ 1he present invention is concerned wita & mo-
tor control system, more particularly with one
in which the motor is used to position an object
remotely located from the controller,

An object of the present invention is to pro-
vide a system for remotely positioning an object
in which a light beam is polarized with a pre-
determined sngle of polarization and in which
means responsive to the angle of polarization of
the ‘light is effective to control the positioned
object,

Further objects of the present invention will
be apparent from a consideration of the accom-
panying specification, claims, and drawing of
-which ’

Figure 1 is & schematic view of one form of my
motor control system, and in which

Figure 2 shows a portion of a specific applica-
tion of the control system.

Referring to the drawing for a more detailed
explanation, there is shown in Figure 1, in sche-
matic form, the motor control system form-.
ing the subject of the present invention. While
1t is to be understood that the particular inven-

tion is not limited to any particular object to.

- be positioned, this object has been shown in the
drawing as & valve indicated by the reference
numeral 8. This valve is variably positioned by
& proportioning motor generally Indicated by the
reference numeral {f., The motor drives the
valve through a shaft {2 to which is secured
-& crank disc 3. A link i4 is eccentrically eon-
nected to the crank dise 13 and is also connected
to the stem of valve (9, Associated with the pro-

portioning motor {1 is a control potentiometer, .

- generally indicated by the reference numeral {8,
This control potentiometer comprises a resist-
ance 1§ and a contact arm 28 which is adapted
to slidably engage resistance 19, The contact
- &Iz is pivotally mounted at 21 to a suitable sup-
port 22, The  potentiometer .18 is connected
through conductors 24, 25, ang 2§ to the pro-
- portioning motor {1. The proportioning motor
{1 may be of any suitable type wherein the mo-
for assumes a position corresponding to the po-
sition of the controller. Thus when power is
supplied to the motor {1, the motor always as-

5

10

15.

-mmary 3{ sand a low voltage secondary 32. ‘Ihe

line voltage primary 81 is connected to line wires
33 and 34 leading to. a suitable source of power
(not shown), ] oo

As indicated by the objects, the control sys-
tem of -the present invention acts through the
variation of the angle of polarization of 8 beam

-of light. . Any- suitable source of light may be

-used. .In the present instance an electric lamp

35 1s employed, the lamp being energized by any
suitable source of power (not shown). Mounted

.in_the path of the rays from the electric lamp
-1s & disc of polarizing material, indicated by the
This disc.is mounted

reference .character 37.
upon & shaft 38 which is supported in bearings

- 38. The disc 37 may be of any suitable polarig-

20

.ing material, preferably of the substance known

commercially as “Polareid,” which has the prop-

-erty of polarizing any light which is transmitted

therethrough. The angle of the plane of polar.

-ization can be readily varled by rotating the

disc. In order to rotate the disc 31, .the same

.is mounted in & rim 49 which is provided with

- teeth 41 on its under surface. Cooperating with

25
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the teeth 41 is a knob 42 which Is provided with

teeth 43 around the upper portion of its periphe
ery. . Knob.42 is provided with a.pointer 44
which cooperates with a scale 45. It will be
readily understood that by rotation of the knob
42 the. angular position of the polarizing disc
31 may be varied and in consequence the angle
of polarization is accordingly varied. ‘The point-
er 44 and scale 45 provide a convenient means

of indicating the degree of angularity of the po-

larized dise 31. It is to be understood that the

scale 45 may be calibrated to any suitable units
depending upon the specific application of the .

system. ‘Thus if valve (8 is employed in a heat-
ing system, whereln it controls the flow of steam’
or other similar heating fluid, the scale 45 may
be calibrated in terms of steam flcw, or in some

- instances, in terms of degrees of temperature,

¢

sumes a position corresponding to the position -

of the potentiometer arm 20. Such an arrange.-

ment is shown in the patent to D. G. Taylor

- No. 2,028,110, issued January 14, 1936.
A step-down transformer 38 is used to supply

- power for operation of the motor {f and for op~-

eration of the motor eontrol system generally,

Interposed between the disc 37 of polarizing
material and the source of light 15 is a lens 47

which serves to direct the rays slong substan. -

tially parallel lines through the disc 37. In this
manner, the diversion of the light rays is de-

creased. Located adjacent to the.object to be -

Dositioned is a receiving disc 49 of polarizing
material, preferably of the same type as used

. In disc 31, This disc i3 secured to a shaft §8

which is supported in bearings §f and 52. ‘The . |

disc“hdisposedinthepctho!thelishtrm

-This transformer comprises a line voltage pri- 85 31, Also mounted in the path of the light rays

. -
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after they have passed through the second polar-
izing disc 48 is a photoelectric cell 54. Inter-
posed between the disc 49 and the electric cell
$4 is a lens 55 which serves to converge the light
rays upon the photo-electric cell. -

As is well known, a member of polarizing ma-~
terial will pass polarized light only when it is
disposed in an angular position corresponding to
the plane of polarizaticn of the light. This ac-
tion Is quite critical. If g disc of polarizing ma-
terial is held in front of & polarized light beam,

the light will not pass through the disc of polar-

izing material to any substantial degree until the
angular position of the disc almost identically
colncides with the angle of polarization of the
light, under which condition the light will be
transmitted through the polarizing disc with al-
most full intensity. Referring to the specific ap-
paratus, it will be clear that substantially no
light will be received by the photo-electric cell
$¢ until the angular position of disc 43 substan-
tially coincides with the angular position of dise
31. In order to change the angular position of
disc 49, the shaft §0 is driven by a motor §7
through a reduction gear train 58. The shaft 50
and consequently the disc 4% is rotated continu-
ously in the direction of the arrow adjacent dise
49. Also secured upon shaft 50 are s palr of
switch cams 59 and 60. Cam 59 is adapted to
cooperate with a switch blade 61 which, in turn,
is adapted to be moved into engsgement with g
contact 2. The cam 58 s provided with a toe
portion €3 which upon engaging the cam follower
of switch blade 61 causes the same to move into
engagement with contact 62. The cam 60 is
adapted to cooperate with switch blade 64, which
In turn is adapted to engage » contact 65. The
cam 60 is provided with an elongated raised por-
tion 66 which upon engaging the cam follower of
switch blade 64 causes the same to be moved into
enga.g:r‘nent with contact 65 against the bias of
blade 84, ) o

15

to and projecting from shaft 70. Controlling the
position of collar 86, which is of magnetic ma~
terial, is an electromagnet consisting of a core 84
and s winding 82. When the electromagnet is
energized, the collar 86 is drawn towards the left
into engazement with the core 81, s0 as to cause

arm 38 to be moved out of the path of arm 88. .

When the electromagnet is deenergized, a spring
83 is effective to move collar 8§ towards the right
s0 that arm 88 is in the path of arm 89.

. The energization of the electromagnet 8{ i3

. controlled by the photo-electric cell 54 through
" & suitable amplifier 85.

The photo-electric cell
is connected to the amplifier by conductors 86
and 81. Power is supplied to the smplifier 85

. from the secondary 32 through conductors $8,

26
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88, 100, and 104. The output terminals 103 and
104 of the amplifier 95 are connected to the elec-
fromagnet winding 82 by conductors 106 and {87.
It will be understood that whenever the angulsr
positlons of discs 37 and 48 coincide, licht will be
recelved by photo-electric cell 54, which when
amplified causes the energization of the electro-
magnet and consequent disengagement of the
‘clutch 88. : n
The switch consisting of switch blades §4 and
§5 controls the energization of the proportioning
motor t1. During certain periods of the opera-
tion, power is supplied to the proportioning motar
and when this is done, the position taken by the
motor is determined by the then position of arm
20. During the times that the switch blade 68
is separated from econtact §5, thus removing
power from the proportioning motor {1, the po-
sition of arm 20 of potentiometer I8 has no effect
on the proportioning motor I and the valve 18
remains in the position to which it was last

moved by the motor. . '

40

Driven by shaft 50, at céi'ta.!n times in the op- -

eration of the system, is a second shaft 18, which
shaft Is supported by suitable bearings 71 and
12. Secured to shaft 10 is a disc 73 which has
secured thereto a pulley member 74. Secured to
the pulley member 14 is & cable or other similar
device 15, which is secured at its lower end to
the potectiometer arm 20. A spring 18 is also
secured to arm 20, belng secured at its lower end
to & rigid support 17. When shaft 18 is rotated
in a clockwise direction, the cable 15 is wound up
on pulley 74 and moves arm 20 upwardly along
the resistance (8 against the blasing action of
spring 76. Located along the outer periphery of
disc 13 are ratchet teeth 78 which cooperate with
& pawl member 19 secured to a solenoid core 88.
.. Cooperating with the solenoid core 80 is a sole-
nold winding 81, which when energized moves
core 80 and consequently pawl member 19 out of
engagement with the ratchet teeth 18. As will
be more apparent from the accompanying de-
scription, the switch consisting of switch blades
81 and 62 controls the energlization of solenoid 81.

As indicated earlier the shaft 50 is operative
during certain portions of the operation to drive

43

55

Operation of Figure 1 species ..

The various elements in this system are shown
in the position they occupy at the beginning of
the cycle wherein shaft 10 is rotated by shaft 58.
In this position the clutch 85 is engaged, the sol :-
noid winding 81 is deenergized so that pawl 19
engages the ratchet teeth 18, and switch $4 s
disengaged from contact 65 5o that no power is
supplied to the proportioning motor {1. The ro-
tation of shaft 50 in a clockwise direction, under
these circumstances, will cause a clockwise To-
tation of shaft 70 and a clockwise rotation of dise
13. This rotation of disc 13 is effective to wind
the cable 78 upon the pulley 74 and to move arm
20 upwardly of the resistance as previously ex-
plained.  All during this movement of arm b1 A 3
exerts no control whatsoever over proportioning

. motor 11 due to de-energization of the latter,
- 'When the disc 48 reaches a positisn correspond-

60

65

ing to that of disc 37 so that the light polarized by

disc 37 is able to pass through disc 49, the photo-

electric. cell 54 is flluminated and the current
passed thereby is amplified through amplifier 8§
to cause energization of the eleciromagnet wind-

Ing 32 so as to disengage the clutch 85. Al- .
though this disengagement of clutch 8§ con- -

" tinues only so long as the photo-electric cell $4

shaft 18. A magnetic clutch, generally Indicated -

by the reference character 85, serves to control
the connection between the shafts 58 and 718.
This clutch eonsists of a collar member 86 which
iz slidably secured to shaft §0. The collar 88 is
held against rotation on shaft 50 by a spline 87.
Collar 88 is provided with a projecting arm 88 .

. fact that the pawl 18 prevents reverse rotation -

70

is luminated, it will continue sufficiently long to

allow arm 88 to pass the arm 83. In view of the .

of shaft 19, the position of shaft 180 will remam :
fixed until solemoid winding 81 is ecergized |

" Consequently, In spite of the fact that collar 86 ;

is subsequently allowed to move back to the right f
the

- upon deenergization of.the electr
whick is adapted to engage an arm 89 secured 73

rotation of shaft 59 will havé no effect upon the

B e
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position 6{ shaft 70 until arm 88 again engages
&rm 89, which will be at the end of the cycle, -
After the shaft 50 has completed substantially

180° of rotation, the cam follower of switch 64 -

engages the raised portion 65 of cam 60 causing
switch blade 64 to be*moved intn engagement
with contact 5. When this takes yiace, the pows<

er is supplied to proportioning motor I through

the following circuit: from secondary 32 through -

conductors 88 and 110, switch blade 64, contact
85, conductor 111, motor {f, and conductor 42
to the other terminal of secondary 32. -As soon
as power is supplied to the motor in this manner,
the ‘motor starts to move to assume the position
corresponding to the position of arm 20, if it
does not already assume such & position. The
raised portien 66 of cam 60 extends throughout
over 120° of the cam surface and the speed of
rotation of cam 60 is sufficiently slow so that dur-
ing the time required for the cam 60 to move
through this amount of its rotation, the motor 11
is able to move valve 19 to the position corre-
sponding to a position of arm 20. .
Shortly after the cam follower of switch blade
64 passes off the raised portion €6 of cam 69, the
toe €3 of cam 59 engages the cam follower of
switch blade 61 and causes the latter to engage

10

15

used for maintaining constant the concentration -
It is well known that asugar . - .
solution has the property of rotating the plane . 7.
of polarization of polarized light passed there. -
through. By transmitting the light bolarized vy . -

disc 37 through a sugar solution and causing the: "
- 'Position of & controlled valve to be varied in RCs
cordance with the amount of rotation of the plane

¢! polarizaticn of the light and its passage -

of & sugar solution.

through the sugar solution, it is possible by em-

rloying the valve to control the concentration
of the sugar solution to maintain & substantially

the apparatus have been indicated by correspond-
ing reference numerals in the two figures. In

- constant concentration. The similar elements of .

this species as in the preceding species, a lamp

35 constitutes the source of light and the light

. furnished thereby is passed through a lens 47 to

20

25

contact 62. When this happens, an energizing .

clrcult is established to solenoid winding 81 as fol-

lows: from secondary 32 through conductors 88,
- 110, and {15, switch blade 61, contact 62, con-
ductor {16, solenocid winding 84 and conductors
11T and 101 to the other terminal of secondary
32. As soon as this circuit is established, the
winding Bf is energized, which as previously ex-
plained, causes pawl 18 to be moved upwardly
out of engagement with the ratchet tceth 18.
When this occurs spring 16 is effective to rotate
disc 14 and consequently shaft 10 in a counter-
clockwise direction, at the same time moving po-
tentiometer arm 20 downwardly. This down-
ward movement continues until arm 88 engages
shaft 88. After sufficient time has elapsed to

30

40

permit the return of disc 73 to the starting posi~

.tion, switch 61 moves out of engagement with the
toe portion 63 of cam 58 so as to separate from
contact §2 and open the circuit to solenoid wind-
ing 8. When this occurs the elements are again
in the position shown in the drawing, whereupon
the cycle is repeated.

It is.to be understood that the knob 42 is actu-
ated whenever it is desired to change the posi-
tion of valve 10. By changing the position of
knob 42, the angular position of disc 27 is
changed: This in turn results in & change in
the angular position of disc 49 at which light is
passed to the photo-electric cell 54 to effect the

50

55

disc 37 of suitable polarizing material such. ss-

“Polaroid.” A knob 42 is similarly provided for
adjusting the angular position of the polarized
disc 37. In this case, the scale 45 with which the
pointer 44 of knob 42 cooperates, is calibrated in
units of concentration of the sugar solution,

The sugar solution is contained in a receptacle

50 which is provided with windows (51 and (52,
The polarized light transmitted through disc 31
passes through window 51, the sugar solution
{54 in the receptacle 150, and the window 152
to the second polarized disc 49, When the angu-
lar position of disc 48 corresponds to the angle of
the plane of the polarization of the light leaving
the sugar solution, the light passes through disc

43 and lens 55 to the photo-electric cell 54. The -

valve 10, in this species, is employed to control
the flow of water through & pipe 155 into g re-
ceptacle 159. A pipe (5§ also leads into the Te-
ceptacle 150, this pipe leading from a container

of a relatively concentrated sugar solution. Con- .
nected to the upper end of container {58 is an.

outlet pipe 157 which serves to convey the sugar
solution away to a suitable point of storage or
utilization. The concentrated sugar flows
through pipe 156 at a more or less uniform rate
S0 that by suitable variation of the valve 18,
which controls the flow of water to the solution,

1t is possible to vary the concentration of the so-
“lution 154, S

In the operation of this system the knob 42 fs

turned to a point corresponding :to the desired
concentration of sugar. The apparatus {s initig}.
ly adjusted so that with this setting of knob 42
and consequently dise 31, the position assumed

by valve {0, as & result of the control exerted -

thereon by disc 48 will be such that Just enough

. -water is passed to the container 150 to maintain

disengagement of clutch 85 and to thus termi-

nate adjustment of arm 20. This system is a
particularly desirable one wherever it is neces-
sary to have the controller in g position relative
to the controlled object wherein it is undesir-
able or impracticable to run wires of any kind.
The system has the advantage over other sys-
tems based solely upon the intensity of a lght
beam transmitted to a photo-electric cell that
the operation is not affected by small variations
either in the intensity of the source of light or
in the loss of intensity in transmission through
the intermediate medium.

- . Species of Figure 2

: InFigure 2 there {s.shown an application of the
-~ present system wherein it finds particular utility.
In the arrangement of’ Figure 2, the system is

~

70

the concentration of the sugar solutifon 154 at the
desired value. As soon as the sugar solution
changes in concentration, the angle of rotation
of the plane of polarization caused by the light
passing through this solution 154 will be changed
80 &s to cause a corresponding ehange in the po-
sition of valve 10. This change in the position of

valve 10 will cause more or less water, as needed, -

to be supplied to the solution 154 to restore the
concentration to the desired value, ’

It will be seen that 1 have provided an appara-
tus for remotely controlling an ebject which is
ideally adapted to the situation wherein the re.
motely controlled object is in a location where §t
is undesiruble to extend Wires to the controller
and the controlled object. It will also be seen

. that this system has the advantage that it does

{]

not depend upon the intensity of a light beam.

but rather solcly upon the ;x'etationr of the plane
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of polarization which is unaffected by nonm.l
transmitting mediums such as air. It will fur- -
ther be seen that the system in question 1s ideally
adapted to the control of the constituency of a

medium which varies the angle of polarization &

of polarized light in accordance with the con-
stituency thereof.

While I have shown a ‘specific embodiment of
my invention for the purpose of illustration, it is

to be understood that the invention is limited only 10

by the scope of the appended claims,

I claim as my invention:

1. In combination, an object to be positioned,
motor means for positioning the same, & source

of light, means for polarizing said light, means 15

for varying the angle of polarization, and means
responsive to the angle of polarization of said
light for controlling said motor means and op-
" erative to cause the same to drive said object to

a position proportional to the angle of polariza- 20

tion of the light,
2. In combination, an object to be posxtioned
motor means for positioning the same, & source
- of light, means Jor polarizing. said light, means

for varying the angle of polarization, means in 25

the path of said polarized light capable of passing
said light only when disposed at an angle corre-
sponding to the angle of polarization of said
light, means for changing the angular position of

said last named means until it passes light, and 30

means controlling said motor means to cause the
- same to drive said object to a position correspond-
ing to the position of said means in the pat.h of
the polarized light.

3. In combination, an object to be positioned, 35

motor means for positioning the same, a source
of light, a member of polarizing material located
in the path of said light, means for varying the
angular position of said member, and means re-

sponsive to the angle of polarization of the light 40

passing. throught said member for controlling
said motor means and operztive to cause the
same to drive said object to a position propor-
tional to {he angular position of said member.

4. In combination, -an object to be positioned, 45

motor means for positioning the same, & source
of light, a first member of polarizing material lo-
cated in the path of said light, means for varying
the angular position of said member, & second

“member of polarizlnx material located in the path .

of light polarized by said first member, means for
changing the angular position of said last-named
member until the polarized light is passed by
said member, and means controlling said motor
means to cause the same to drive said object to
& position corresponding (o the position of said
second member of polarizable material.

5. In combination, an object to be positioned,
motor means {or positioning the same, a source of
light, a member of polarizing matericl located
in the path of said light, means for varying the
angular position of said first member, & second
member of polarizing material located in the
path of the light polarized by said first member,
means for changing the angular position of said
last named member, a controller, means opera-
tively connecting said controller and said last

named member of polarizable material until the -

polarized Yght is passed by said member, meang
cperative thereupon to render sald connecting
means Ineffective, and means associated with
said third mentioned means operative subsequent
to the disconnection of sald connecting means to
cause said motor means to move said object to a
position correspondmz to the position of said
controller,

6. In combination, an object to be positioned,
motor meens for positioning the same, a source
of light, & member of polarizing material located
in the path of said light, means for varylng the
angular position of said first member, a second
member of polarizing material located {n the path
of the light polarized by said first member, meang
for continuously changing the angular position
of said last named member, a controller, means
effective to periodically operatively connect said
controller and said last named member of polar-
izable material until the polarized light is passed
by said member, means operative thereupon to
render said cornecting means ineffective, and
means associated with said third mentioned
means operative during periods following said
periods of operative connection between said con-
troller and said second named member of po-
larizable material to move said object to & posi-
tion corresponding to the position of said con-
troller.

HENRY E. HARTIG.
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