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This invention relates broadly to lmprovements

in electric door operating apparatus particularly
. of the type in which the door travel is relatively
small and the door is cushioned in its movement

8 at the end-of its stroke in either direction.

A broad objett of this invention is to provide
an improved form of electric door operator which
insures the smooth rapid opening and closing of
a door with a cushioning action at the end of

10 its opening and closing strokes.

A more specific object of the invention is to
provide, in c\ombination with an electric motor
door operator of a retarding device connected
thereto whereby the motor is brought to a maxi-

15 mum speed of operation quickly so that such a
condition is attained before the door is fully
opened or fully closed and indeed before the door
reaches the cushioning zone in either direction
of movement.

20 A further object of this invention is to provide
a control system for an apparatus of this type in
which the retarding means, which is electro-
magnetic, is maintained energized in full open
and full door closed position to hold the door i

o5 thereat.

Other and more specific objects of this inven-
tion which are successfully secured by means of
the mechanism herein disclosed will become ap-
parent hereinafter. i

30  This invention resides substantially in the com-

bination, construction, arrangement and relative

location of parts, all as will be detailed below. -
In the accompanying drawing, the single figure

diagrammatically illustrates a combination em- -

5 Ploying the invention herein.

The operation of doors, such as those found
on vehicles, as for example the doors. of buses,
. street cars, subway trains, elevator cars and the
like, by means of a motive device, is not a simple

40 thing to accomplish satisfactorily under modern
requirements often encountered. For example,
an elevator -door of necessity has mechanism -
connected thereto which involves spring resist-
ance to the opening movement{ of the door re-

45 quiring a somewhat stronger motor than would
be necessary to operate the door itself. On the
other hand, during the closing movement this
very spring mechanism instead of resisting move-
ment of the door is aiding it which, in conjunc- .

50 tion with a motor whicl. is now stronger than
necessary to clos~ the door, causes an unduly
rapid movement thereof. In part, because of
these conditions it is desirable to cushion or re-
tard thé door in its movement near the end of

65 its stroke in either direction so that it is more

-4
23

or less gradually brought to rest at the extreme
oben and closed positions. :

Furthermore, in the motor operation of doors, -
such for example as elevator doors, and particu-
larly when electric motors are employed, the
shortness of the door stroke. is such that the
door in either direction of movement reaches the
cushioning zone before the electric motor oper-
ator has attained maximum speed. The result

is that upon reaching the cushioning zone the j

door must begin to slow down at the time the
motor is still accelerating. Of course this in-
volves a very sudden change in conditions which
are undesirable for many obvious reasons.

An important object of this invention is to
provide a braking or retarding means connected
to the electric motor which, in effect, consider-
ably lowers the maximum operating speed of the
motor so that the motor, in combination there-
with, very much more quickly reaches this lower
speed dand before the door reaches the cushioning
zone. It follows, therefore, that the motor now

. decelerates not from an accelerating condition,

but from an attained stable condition.
Referring to the drawing, there is shown a
three-phase power supply circuit including the
wires A, B, and C. Connected across one phase
of this circuit, as for example the wires B and C,
are the branch circuit wires Bl and Cl which
are connected, in parallel, to the primaries of a
pair of transformers T. The secondary T’ is
connected to the current supply wires | and 2.

‘The voltage of the circuit comprising the wires

i and 2 may, for example, be of the order of
110 volts and the voltage of the polyphase cir-
cuit may be of the order of 220 volts representing
conditions normally encountered in this art.
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The secondary T’’ is connected to the input of .

8 suitable rectifier R. The particular type of
rectifier employed is of no importance per se
although it may be noted that the copper oxide
type is practical. . The output of the rectifier is

- connected to thg direct current voltage c1rcu1t

wires 3 and 4.

At I, O, C and RC are diagrammatically illus-
trated the operating windings of relay switches
which are connected as shown across the circuit
wires | and 2. The relay winding I gperates the

" contacts If, 12, I3 and I8 of which the contacts

I1 and I3 are normally open switches while the
contacts 12 and I4 are normally closed switches,
when the winding I is deenergized. The relay
winding O controls the contacts OF which are
normally open switches when the winding is de-
energized. The relay winding C controls the con-
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tacts CI and are normally open switches when
the winding is deenergized. The relay winding
RC controls the contacts RCI which are normally
open switches when the winding is deenergized.
The contacts CS are the door control contacts
which are commonly incorporated in the elevator
car controller and controlled manually by the
car operator, or automatically in automatic sys-
tems. The switch comprising these contacts is
open when the door is closed and is closed to open
the door. It will be seen that the contacts CS
are in series with the winding I. The contacts Il
are in series with the winding O and a switch OLS
while the winding C is in series with the contacts
I2 and a switch CLS. The three circuits of the

windings I,-O and C are in series with contacts

OLf.

The contacts OLS and CLS represent well
known types of door limit switches which are ar-
ranged to be operated by the door. The contacts
OLS are normally closed, as indicated, when the
door is closed and the contacts CLS are normally
open when the door is closed. When the door is
completely open switch OLS opens and switch
CLS closes as soon as the door starts to open, the
former condition being restored when the door
starts to close and is closed.

The contacts Ol and Cl are in the three-phase
circuits to the motor M and are employed in the
manner illustrated and well known to provide re-
versing means whereby when the switches Of are
closed the motor is energized in a direction to
open the door and when the switches Cl areclosed
the motor is energized in the reverse direction to
close the door. The circuits to the motor are
completed through the resistors MR when the
switches RCH are opéned, but are partly short-
circuited when these switches are closed. In ac-
cordance with common bpractice, the circuit to

the motor is completed through the overload re-.

lay winding OL, which, when energized, opens
the normally closed contacts OL{. ,
Returning now to the direct current circuit,
there is shown a winding BW which is -the ener-
gizing winding of the retarding or braking mech-
anism. This winding is connected in series from
the wire 4 to the wire 3 through a resistance OCR,
a relay operating winding BSR and in. series
through either the resistor OR. or the resistor CR.
The contacts or switchesI3 and I4 are in series, re-
spectively, with these resistors. A door operated
switch 8 is provided with two pairs of fixed con-
tacts 5, 6 and 1, 8 and a movable contact A. This
switch is shown in the drawing in door closed po-
sition where the contact A interconnects the con-
tacts 5 and 6. As shown, the contacts § and 7 are
connected by the common lead from the winding
BW to the resistors OR and CR which lead is also
connected by adjustable contacts with the resis-
tors. The contacts 6 and 8 are, respectively,
connected to the ends of the resistors CR and OR.
The relay winding BSR controls the contacts
BSRI which form a switch in series with the
winding RC. This relay is of a type which re-
quires full energization of its winding to open its
contacts, partial energization not being suﬂicient

" to hold them open.

70

Before describing the operation of this circuit it
should be noted that the door motor M may be of
any one of a number of well known types of poly-
phase motors suitable for this purpose. The re-
tarding or braking means in this case is really an

 induction motor having a stator and a rotor

L

whose shaft is common with the rotor shaft of
the motor M. The winding BW represents the

2,165,809

fleld or stator winding of the brake. Such a com-
bination is known in the art and one form is
shown in detail in my copending application Se-
rial No. 115,176 filed December 10, 1936.
" The operation of this apparatus will now be
given in detail. It is first to be noted that the
mechanism diagrammatically illustrated is shown
in door closed position at which time the switch
CS is open. At this time the switch 12 is closed
but the winding C is not energized because the
limit switch CLS is open. However, the brake
winding BW is energized from wire 3 through re-
sistor OCR, relay winding BSR, switch 14, contact
8, contact A, contact § and through the winding
BW to the wire 4. It will be seen that the re-
sistor CR is short-circuited so that the full cur-
rent is on the brake winding so that the brake
is fully applied to hold the door closed. The en-
ergization of the winding BSR keeps the switch
BSRI open so that the winding RC is deener-
gized and the ‘contacts RC/{ are open. The re-
sult is that all of the resistances MR are in cir-
cuit with the motor M. However, the motor is
not energized because relay winding O is deen-
ergized and switches Ol are open and, of course,
the same is true of winding C and switches CI.

To open the doors switch CS is closed energiz-
ing the winding I from wire | through switch CS
and overload relay switch OLI to wire 2. ' Ener-
gization of ‘the winding I causes the closing of
switches If and I3 and the opening of switches
I2 and I4. The closing of switch Il causes the
energization of winding O which closes. the
switches Of supplying current to the motor M.
The switch I4, upon energization. of the winding
I opens so that the current to winding BSR is
supplied through resistor OR but is of such small
value that the switch BSRI closes. Thereupon
winding RC is energized closing switches RCI so
as to short out portions of the resistors- MR so
that the motor is operating at full power. Of
course those.skilled in the art will readily see that
this all cccurs simultaneously so that the full
power is put on the motor about as soon as the
switch CS is closed.

At this time the brake wmdmg BW is ener-

Aglzed from the wire 3 through resistor OCR, wind-

ing BSR, switch I3, all of resistance OR adjusted
in circuit for use to the winding BW and wire 4.
It wilt be recalled that the brake is connected to

the motor and a partial energization of the wind-

ing BW causes the brake fo resist the motor so

that it is quickly brought up to the maximum

speed which it may attain against the resistance
of the brake and with the energization possible
as determined. by the adjustments of the resist-
ances MR and OCR. This desirable condition is
quickly reached and before the door reaches the

"cushioning zone. The door switch S is adjusted

so that just as the door reaches the cushioning
zone as it opens, the contact A interconnects con-
tacts T and 8. The result of this is that all of
resistance OR is short-circuited and the current
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flows - directly from the winding  BSR through

the contacts 8, A and 1, to the brake winding
BW increasing the energization thereof and act-
ing to retard the door motor.

At the time of \this current increase the ener-
gization of the winaing BSR becomes high enough
so that contacts BSRI open. Winding RC is de-
energized through these contacts, opening the
switches RCI and &utting the rest of the resist-
ance MR into the circuit so that the motor con-
tinues to move the door to full open position at
reduced power, Thus it will be seen that at the
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time the motor M is operating at reduced power
the brake winding BW is fully energized and is
operated at maximum power. Just as the door
reaches full open position limit switch OLS opens,

limit switch CLS having closed as soon as the -

door started to open. The opening of switch
OLS deenergizes the winding O so that the
switches Ol open and the motor comes to a stop.
It will be noted, however, that the winding BW
remains fully energized, holding the door in open

position. ‘The closing of switch CLS prepares the

circuit to relay C for closing when the switch
I2 closes. Switch 12 does not close, however, un-
til the switch CS is opened, deenergizing the wind-
ing I which is not done until the operator is ready
to close the doors.

In order to close the door the operator opens
the switch CS, deenergizing winding I with the
result that contacts Il and 13 open and contacts
12 and, 14 close. The closing of contacts I2 ener-
gizes windjng C which closes the switches CI,
reversely energizing the motor M. At this time
the switches RC{ are closed shorting out most of
the resistances MR so that the motor M is op-
erating at full power. These switches are closed
because winding RC is energized through the

closed contacts BSR{ which are closed because the .

current reaching the winding BSR through ad-

justed resistance CR is reduced. Under these.
3. conditions the door is operated at full power

until it approaches the cushioning zone in the

closing direction at which time the switch 8 is -

shifted from the position previously assumed
backte the position shown in the drawing where

contact A interconnects contacts § and 6. As.
soon as this heppens, the resistance CR 15 short- .

circuited and the curremt through the winding

BSR increases 56 that.the contacts BSR{ open,

deenergizing relay RC and opening contacts RCI.

At the time the current in the winding BSR in-

creased to-full value it of course also increased
to full value in the brake winding BW. The open-
ing of contacts RCH takes the short circuit off
the resistance MR so that the door motor slows

“down but continues to operate at reduced pow-

er until the door is fully closed, at which time
switch OLS closes. -Switch CLS opens as soon
as the door starts to close. The opening of
switch CLS, of course, deenergizes the winding

. C so that the contacts C{ open and the motor

M stops. The door is now fully closed, the motor
deenergized -and the brake winding fully ener-
gized holding the door in closed position.

In passing it need merely be mentioned that
the overload relay windings OL are provided
to-open the switch OL{I in the event of over-

load; killing all the circuits connected there- .

through.
The resistance OCR is adjustable so as to ad-

.just the retarding effect of the brake during

the cushioning portion of the movement of the

- door and hence may be stated to be adjustable
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to give any desired cushioning effect. The re-
sistances OR and CR are adjustable and con-
trol the opening and closing speeds of the door.
The resistances MR in the motor circuit are ad-
justable to vary the power delivered by the mo-
tor. In adjusting all of these resistances it may
be stated that thiey are all adjusted so that the
door will move slowly and open the limit switches
when relay RC is deenergized. These resistances
will need to be adjusted from time to time as
the parts wear and the temperature changes
in order to maintain a desired operating condi-
tion. The length of the cushioning zones may

be readily varied by adjusting the switch 8 so
as to be operated by the door or some other part
of the equipment operating in timed relation
therewith at different points in the door travel.
As is obvious to those skilled in the art, the
length of the cushioning zone may be varied by
the proper adjustments of the switch S or, in
other- words, the equipment may be adapted to
operation ‘of doors having dlﬂerent distances of
travel. .

It is likewise clear that the limit switches OLS
and CLS need not be operated directly by the
door but by some part of the mechanism moving
in timed relation therewith. Thus, for example,
these two switches and indeed the switch 8 may

. be operated by the motor itself in accordance

with well known principles in the art.

The above description will be apparent to those
skilled in the art but the details comprising the
combination herein disclosed may be varied with-
out departure from the novel scope of the sub-
ject matter hereof. I do not, therefore, desire
to be strictly limited to the disclosure as given
for purposes of illustration, but rather to the scope
of the cldims granted me.

" What I seek to secure by United States Letters
Patent is:

1. A motor control system including an electric
motor, a magnetic brake connected to said motor
to resist operation thereof, an energizing circuit

- for said motor, control means for connecting said

motor to sdid circuit, connections from said cir-
cuit to.maintain the brake continuously applied

' when the: system is in operation, and means con- -

trolled . by said control means for reducing the
force of application of said brake when the motor
is energized.

2. A motor control system mcluding a reversible.

electric motor, a magnetic brake connected to said
motor to resist operation thereof in either direc-
tion, an energizing circuit for said motor, control
means for selectively connecting said motor to
said circuit for direct or reverse operation, con-
nections from said circuit for maintaining the
brake continuously applied when the system is
in use, and means controlled by said control
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means for reducing the force of application of .

said brake when the motor is energized for opera-
tion in either direction.

3. A motor control system inchiding an electric
motor, a magnetic brake connected to said motor
to resist operation thereof, an energizing circuit
for said motor, control means for connecting said

50

motor to said circuit, connections from said cir- .

cuit to maintain the brake applied when the
motor is energized and deenergized, means con-
trolled by said control means for reducing the

. force of application of said brake when the motor

is energized, 'and means operated by said motor
for reducing the speed thereof at the end of a

predetermined period of time.

4. A motor control system including an electric
motor, & magnetic brake connected to said motor
to resist operation thereof, an energizing circuit
for said motor, control means for connecting said
motor to said circuit, connections from said cir-

" cuit to maintain the brake applied when the

motor is energized and deenergized, means con-

trolled by said control means for reducing the

force of application of said brake when the motor
is- energized, means operated by said motor for

reducing the speed thereof at the end of a pre- -
determined period of time and increasmg the .

force of application of said brake,

5. A motor control system including a reversi--
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4

ble electric motor, a magnetic brake connected to
said motor to resist operation thereof in either

direction, an energizing circuit for said motor,

control means for selectively connecting said

motor to said circuit for direct or reverse opera-’

tion, connections from said circuit for maintain-
ing the brake applied when the motor is en-
ergized and deenergized, means controlled by said

“control means for reducing the force of applica-

tion of said brake when the motor is energized for
operation in either direction, and means operated
by the motor for partially reducing its speed for
either direction of operation at the end of a
predetermined period of time.

6. A motor control system including a reversi-
ble electric motor, a magnetic brake connected to
said motor to resist operation thereof in either
direction, an energizing circuit for said motor,
control ‘means for selectively connecting said

motor to said circuit for direct or reverse opera- -

tion, connections from said circuit for maintain-
ing the brake applied when the motor is energized

and deenergized, means controlled by said controt’

means for reducing the force of application of
said brake when the motor is energized for op-
eration in either direction, and means operated
by the motor for partially reducing its speed for
either direction of operation at the end of a pre-
determined period of time and increasing the
force of application of said brake. _

7. A motor control system including a reversi-
ble electric motor, a magnetic brake for said
motor having.an energizing winding, an energiz-
Ing circuit for said motor, connections including
resistance for maintaining the brake energized
when the motor is at rest, means for reversibly
connecting said motor to said circuit, means for
connecting additional resistance into the brake

winding circuit when the motor is energized for

operation-in either direction, and means operated
with said motor for cutting said additional resist-
ance out of circuit to increase the energization
of the brake winding at the end of a predeter-
mined period of time.

8. A motor control system including a reversi-
ble electric. motor, a magnetic brake for said mo-
tor having an energizing winding, an energizing
circuit for said motor, connections including re-

sistance for maintaining the brake energized

when the motor is at rest, means for reversibly
conneeting said motor to said circuit, means for
connecting additional resistance into the brake
winding circuit when the motor is energized for
operation in either direction, .means operated
with said motor for cutting said additional resist-
ance out of circuit to increase the energization
of the brake winding at the end of a predeter-
mined period of time, and means including re-
sistances in the motor circuit and controlled by
said last mentioned means for cutting the motor
resistances into circuit at the same time.

9. In a motor controlled system the combinga-
tion including an electric motor, an energizing

2,165,809

circuit for said motor including a switch and re-
sistance, a brake for resisting operation of said
motor, connections from said circuit to said brake’
for maintaining it energized, manually controlled
means for operating said switch, means simul-
taneously operated for reducing the energization
of the brake when said switch is closed, and means
operated with the motor for increasing the re-
sistance in the motor circuit and the energization
of the brake at the end of a predetermined period
of time. .

10. A motor control system including an elec-
tric motor, a magnetic brake connected to said
motor to resist operation thereof, an energizing
circuit for said motor, control means for connect-
ing said motor to said circuit, connections from
said circuit to maintain the brake energized
whether the motor is energized or deenergized,
means controlled by said control means for re-

‘ducing the energization of said brake when the

motor is energized, means operated with the mo-
tor for increasing the energization of the brake at

-the end of a predetermined period of time and

means operated by the motor for ‘deenergizing it
at the end of a predetermined period of time.

11. A motor control system including an elec-
tric motor, a magnetic brake connected to said
motor to resist operation thereof, an energizing
circuit for said motor, control means for connect-
ing said motor to said circuit, connections from
said circuit to maintain the brake energized when

‘the motor is at rest, means controiled by said

conirol means for partially reducing the energi-
zation of said brake when the motor is energized,
and means operated with the motor for increas-
ing the brake energization and decreasing the
motor energization at the end of a predetermined
pericd of time, :

12. A motor control system including an elec-
tric motor, a magnetic brake connected to said
motor to resist operation thereof, an energizing
circuit for said motor, control means for connect-
ing said motor to said circuit, connections from
said circuit to maintain the brake energized when
the motor is at rest, means controlled by said
control means for partially reducing the ener-
gization of the brake when the motor is ener-
gized, means operated with the motor for in-
creasing the brake energization at the end of a
predetermined period of time, and means oper-
ated by the motor for deenergizing it at a desired
time. .

13. A motor control system including a reversi-
ble electric motor, a magnetic brake for said
motor having an energizing winding, an ener-
gizing circuit for said motor, connections for
maintaining the brake energized at all times
while the system is in use, means for reversibly
connecting said motor to ssid circuit, and means
for connecting resistance into the brake winding
circuit when the motor is energized for operation
in either direction.

: EDWARD G. PARVIN.
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