
2,661,945 W. HAMILTON 
ELECTRIC DOOR OPERATOR 

Dec. 8, 1953 

4. Sheets-Sheet l Filed Nov. 17, 195l 

SSRSS SINN. 

* * 

2 
A/72// 

s: 
2 2% 

136. 

77e/s ; (a 's A. 

  



Dec. 8, 1953 W. HAMILTON 2,661,945 
ELECTRIC DOOR OPERATOR 

Filed Nov. 17, 195 4. Sheets-Sheet 2 . 

a??iv). ENNNNNNNNNME NNENT 

Az/e72 (op 
M%2/2ce /72/72//eva 

2% 
/72 wiztory7e/s 

  

  

    

  



Dec. 8, 1953 W. HAMILTON 2,661,945 
ELECTRIC DOOR OPERATOR 

Filed Nov. 17, 195 4. Sheets-Sheet 3 

an - aw 

4 Aoks Opew?wg&Aeaews 27 A2asO2Av f 
A7G. 2 A76. /O 

A 2-1 ez-76 of 
M2//ace 772/77/2/2 

2- 2%% 

  



A. 

Dec. 8, 1953 W. HAMILTON 2,661,945 
ELECTRIC DOOR OPERATOR 

Filed Nov. 17, 195 4. Sheets-Sheet 4 

OO 
JK ill 
y Aodas CAos/wg s 9 aeo/5/2 Vaas/wa (7) 

/76. // AG. A 

i 22 
y 422s a vas/wg (2) If ls, 5-S a/21 - - - - N4 - 21- - - -N 

AGA3 -----------------, 
Ava /2 2 

A 7/e72d, op 
l/a/2C9 A72/77/4/2/2 

2% 
/72 376ttory7eys 

cóy 

  

  



Patented Dec. 8, 1953 2,661,945 

UNITED STATES PATENT OFFICE 
2,661,945 
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Wallace Hamilton, Albany, N. solidated Car-Heating Company, ine. Albaiy, 
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Application November 17, 1951, serial No. 256,864 

Claims. 

My invention relates to door operators and 
particularly to those which are actuated by elec 
tricity. - - - - - . . . . . 

At the present time, compressed air is generally 
used for operating the doors of buses and the 
like although in some cases such doors are hy 
draulically operated. But compressed air sys 
tems have several inherent disadvantages. De 
spite regular precautions, the air lines and cyl 
inders eventaully become clogged with dirt and, 
in cold weather, condensation and freezing of 
moisture in the air lines and cylinders causes 
serious operating difficulties. Furthermore, pis 
ton packings have a limited life and, in some in 
stances, must be replaced very frequently, Be 
cause of these difficulties, correct operating ad 
justments are difficult to maintain. 

Hydraulic systems have most of these disad 
vantages plus several others. Loss of fluid due 
to leaks in the system can seriously affect the 
operation of the vehicle's brakes and, occasion 
ally a leak sprays oil, under high pressure into 
the interior of a vehicle loaded with passengers. 
The principal object of my invention is to pro 

vide a safe, dependable, electrical unit for the : 
control and operation of vehicle doors. A fur 
ther object is to provide such a device which is 
adapted to replace the air and hydraulic cyl 
inders now being used on buses to operate the 
doors thereof although it may be used to operate 
other types of doors. 
In the drawings- - - - 

Fig. 1 is a plan view of the unit; 
Fig. 2 is a front elevation with portions broken 

away; . . . . . . . . . . . . 
Fig. 3 is an enlarged, fragmentary plan view, 

partially in section, of a detail; Fig. 4 is an enlarged, fragmentary plan view of 
another detail showing the relative position of 
the parts when the doors are in open position; 

Fig. 5 is a front elevation view of the detail 
shown in Fig. 4; . . . . . . . 

Fig. 6 is a section of Fig. 5 in the plane 6-6; 
Figs. 7, 8, 9, 10, 11, 12 and 13 are wiring dia 

grams showing the various switches and circuits 
which exist when the doors are in various posi 
tions; and 

Figs. 14, 15, 16, 17 and 18 are diagrammatic 
plan views showing the doors in various posi 
tions. . . . . . . . Referring to the drawings 

it is the base to, which various elements of the 
unit are attached 2 is an electric motor having 
both a series and a shunt field winding, and hav 
ing shaft housings 3 and 4 secured thereto on 

(CI. 268-63) s: - 

opposite sides by means of which the motor is 
Supported in brackets 5 and 6. Secured to each 
end of the motor shaft 1 is a worm or screw 8, 
only one of which is shown, which cooperate 

5 with ball nuts, i? to form a reversible driving 
mechanism. That is to say, the motor may drive 
the nuts along the worms, or the motor may be 
driven by force applied to either of the nuts in 
a direction which will move it longitudinally of 

10 its associated worm. The nuts fl. are fixed to the 
shafts 9 and to which actuate the doors as, foll 
lows: the free ends of the shafts 9 and G are 
bifurcated, as shown at 12 and 3 and have ad 
justable links 4 and 5 pivotally secured thereto 
by pins 8 and 7, respectively. The links 4 and 
f5 are pivotally secured to the arms, 8 and i? 9, 
respectively, which, in turn, are clamped to the 
vertical shafts 20 and 2 which actuate the doors 
22 and 23. . . . In order to lock the doors in closed position I 
provide a toggle which is actuated by the shaft 
9 and which will be described in connection with 
Figs. 3, 4, 5 and 6. One leg 24 of the toggle is 
secured in fixed pivotal relation to the base and 
motor, as shown at 25 in Figs. 4 and 5; and the 
other leg. 26, the length of which may be ad 

4. eans of the threaded rod, 27, is piv 
tally connected at 28 to the shaft 10 by means 
of the pin 6that connects the link f4 thereto. 

Affixed to the basé is an electromagnet 29 hav 
ing the pole 30 thereof and a U-shaped frame 
30, attached to the other pole with its free ends 
on opposite sides of the pole. 30, forming a sub 
stantially closed magnetic circuit with the toggle 
members 24 and 26 when the knee 3i is in close 
proximity to the pole 30 and said toggle is almost 

. . . . ight. Thus, when the magnet 

20 

30 

plained below and the manner in which the vari 
ous automatic. Switches are connected in these 
circuits will also be explained.T . . . . . . . 

Referring first, however, to Figs. 1 and 2, 34 represents an opening limit switch having an 
55 operating element 35 which is contacted by the 
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pin f7, or other means moving with shaft 9, when 
the doors are open. 36 is a closing limit switch 
having an operating element 37 (see Figs. 4 and 
5) which is actuated by the pin 6, or other 
means moving with shaft 0, when the doors are 
closed. 36' is another switch which is actuated 
by the pin IT when the doors are closed. 38 is 
an opening braking switch having an operating 
element 39 which is actuated by the machine 
screw 39' in leg 24 of the toggle when the doors 
are almost open. The screw 39 may be adjusted 
when the operator is installed so that Switch 38 
is actuated at precisely the proper time. 

Referring now to Figs. 7-13, inclusive, in con 
nection with Figs. 14-18, inclusive, Fig. 7 shows 
the position of the various switches when the 
doors are in closed position. 40 is the manually 
controlled operating Switch; 4 is the battery; 
42 is the coil of relay 32, which, when energized, 
moves the switches 43, 44 and 45 to the left; 46 2 
represents the armature of the motor 2 having 
the series field 47 and the shunt field 48; 49 is 
the coil of the electromagnet 29 which locks the 
doors in closed position, and which is of Com 
paratively high resistance; 50 is a diagrammatic 
showing of the closing limit Switch 36; 5 is a 
similar showing of the opening braking Switch 
38; 52 is the braking resistor which has a com 
paratively low resistance; 53 is the closing speed 
resistor; 54 is the relay holding resistor; 55 is 3 
a current limiting resistor; and 56 is a diagram 
matic showing of the opening limit switch. 

All of the circuit forning means are shown in 
solid outline, but the particular circuits which 
are established from time to time are shown in 3 
dotted outline, and the direction of current flow 
therein is indicated by the airroWS. 
When the doors are in closed position, the 

switches and circuits are as shown in Fig. 7. The 
switch 40 is open, the relay coil 42 is not ener 
gized, and the switches 43, 44 and 45 controlled 
thereby are in the positions shown in this figure. 
In this position, current from the battery 4 flows 
through the Switch 3, the coil 49 of the locking 
electromagnet, the arnature 46 of the motor, the 
closing speed resistor 53, the switch 45, the series 
field 47 and the shunt field 48 of the motor, and 
back to the battery. Since the resistance of the 
coil of the electromagnet which locks the doors 
in closed position is comparatively high, as 5 
pointed out above, and considerably greater than 
the balance of the circuit, the current flowing 
through the circuit is sufficient to energize the 
coil of the electromagnet but is not sufficient to 
operate the motor. 

Referring now to Fig. 8, when the control switch 
40 is closed, the relay coil 42 is energized and the 
switches 43, 46 and 45 are thrown into the posi 
tion here shown, and the following circuits are 
then established: From battery 4 through the 
switch 30, the relay coil 42, and back to the bat 
tery. At the same time, another circuit is es 
tablished from the battery 4f through switch 43, 
opening limit Switch 56, opening braking switch 
5, the armature 46 of the motor, switch 45, the 
series field winding 47 and back to the battery. 
A third circuit is also established through the 
switch 44, the shunt field winding 48 of the motor, 
and thence to the battery. It Will be noted that 
the coil. 49 of the electromagnet which locks the 
doors in closed position is now deenergized by the 
movement of the switch 43 to the left, and is 
shunted by the release of the closed limit switch. 
As the doors approach their fully open posi 

tion, circuits are established as shown in Fig. 9. 

f) 

0. 
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4. 
The opening movement of the doors automatical 
ly moves the opening braking switch 5 to the 
position shown in Fig. 9. When the doors are 
almost open, the relay coil 42 remains energized, 
and the following circuits are established: From 
the battery through the switch 43, opening limit 
switch 56, switch 44, the shunt field winding 48 
of the motor, and back to the battery. Two other 
circuits are simultaneously established, one of 
which includes the current limiting resistor 55, 
the opening braking Switch 5, the opening brak 
ing resistor 52, the series field 47 of the motor, 
and back to the battery; and the other circuit 
through the armature 6 of the motor, the switch 
45 and the series field winding back to the 
battery. in this position, it will be noted that 
the circuit through the shunt field 48 is the same 
as in Fig. 8. The current flow through the rest 
of the Inotor circuit however, passes through the 
resistor 55, the airmature 46 of the motor, the 
Series field is to the lattery and also through the 
opening braking Switch 5, the resistor 52, and 
the field 4 to the battery, thus partially shunt 
ing the arrilature 46. The armature current is 
thus greatly reduced with respect to that of the 
fields and causes the inotor to 'Otate at a much 
slower speed. The kinetic energy of the moving 
doors then drives the motor which acts like a 
generator. The current generated by this driving 
action is dissipated in the form of heat in the re 
sistor 52 in the circuit which shunts the arma 
ture, and the motor exercises a braking effect 
which prevents the doors from slamning as they 
reach the fully open position. Since the resist 
ance of the resistor 52 is comparatively low, the 
current from the battery is limited by the action 
Of the resistor 55. The resistances of the resistors 
52 and 35 are interdependent and must be such 
that the motor Will still operate slowly towards 
the opening position in the event some obstacle 
slows up the opening doors. 
When the dool's reach the fully open position, 

the Opening limit switch 56 is automatically 
opened by the movement of the doors and brakes 
the circuit through the motor, leaving only the 
relay coil 42 in energized condition. The circuits 
then are as shown in Fig. 10. 

In Order to close the doors, the control switch 
40 is opened as shown in Fig. 11. This deener 
gizes the relay coil 42, the switches 43, 44 and 
45 reaSSlime their original positions, and the fol 
lowing circuits are established: From the battery 
through Switch 33, closing limit switch 50, arma 
ture 46, but in a direction opposite the direction 
in Which the current flows therethrough during 
the door opening Ingveinent as shown in Fig. 8, 
through the resistol 53, Switch 35, series field 47 
and back to the battery. Another circuit is es 
tablished through the switch g4 and through the 
Shunt Winding 33. Because the resistor 53 is now 
in Series with tie armiature and the series field 
of the notol', the motor operates at a slower rate 
than during the door opening movement, thereby 
causing the doo's to close at a somewhat slower 
Speed than that at which they open. When the 
doors reach closed position, the closing limit 
Switch 5 is autoitatically moved from the posi 
tion shown in Fig. 11 to the position shown in Fig. 
7, thereby energizing the high resistance coil 49 of 
the electromagnet, which locks the doors in closed 
position and reestablishes the circuit shown in 
Fig. 7. 
The adjacent edges 57 and 58 of doors of the 

type shown in Figs. 14-18, inclusive, are usually 
fitted with so called "sensitive edges' comprising 
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switches encased in rubber tubes which will ekese 
when either of the tubes is deformed by pressure 
applied to the outside of the tube. The doors 
shown in the last mentioned. figures are to be 
tunderstood as being equipped with such edges, 
and the Switches; 59 and 60 in Fig. 12 are to be 
understood as diagraminatieally representing the 
switches in the door edges. Either one or both 
of these: switches may be closed by pressure ex 
erted on the edge of the door by an obstacle: en 
countered in the closing thereof. The switch 6, 
as shown in Figs 7-12, inclusive, is a diagram 
mattic: showing of the Switch 36 in Figs. 1 and 2, 
aid the switch. 62 ray be associated therewith 
or with the closed limit, Switch 50 so that they are 
automatically actuated to the positions shown in 
Fig. 7 when the doors are closed. If there is no 
pressure against the edges of the door, both 
switches. 59. and 60 are norfinally open, 
Assuming that pressure is applied to the edge 

of the door with which the Switch it is associ 
ated, this switch will close, as shewn in Fig. 1.2, 
and, initially, establish a circuit from the bat 
tery though the relay, coil. 42 which will energize 
the-relay and cause: the switches, 43, 44, and 45 to 
noveto, the left into: the position shown in Fig.13. 
This will establish a relay circuit. (shown in solid 
outline only to avoid confusion); through the mo 
tor and cause... the: doors to start opening. The 
movement of the switches. 43 and 44 however, to : 
the position shown in Fig. 13, establishes a cir 
cuit from the battery through the switch 43, the 
opening limit, Switch 56, the: resistor 54, coil i3 
of the relay, and back to the battery; it being 
apparent. that the circuit. through... the motor is 
the door-opening circuit, similar to. that shown 
in. Fig. 8. When the doors reach the fully open 
position, the opening limit. Switch 45.is automati 
cally opened, which deemergizes the relay, causes 
the switches. 43, 44 and 45 to move into the posi 
tion shown in Fig.11, and the doors start clos 
ing. When closed, the closing limit switch 53 
automatically opens, and the circuits' showia in 
Fig. 7 are: reestablished. 
In addition to acting as a closing limit Switch, 

the switch 50. may also function-to operate a sig 
nal light to let-the-operator know... when the doors 
are fully closed; the conductor 63 running to the 
signal: light (not shown) and a conductor (not 
shown), returning from the: Signal-light to the 
battery. 
The switch 62, which is automatically actuated 

simultaneously with the switch 6- and the closed 
limit switch, may be used through the conductor 
66 to control an interlock device (not shown), 
such as a relay or magnetic air valve, control 
ling the power supply of the vehicle and it.Shirakes 
so that no power will be available when the vehi 
cle's brakes are set unless the doors are: fully 
closed. 
The conductor 64 extends from: one terminal of 

the switch 6i, to the sensitive: edges, as shown 
in Fig. 12; and the codinuctor 65, transfers any 
impulse: from the sensitive edges merely to a 
warning bell (not shown) when the doors reach 
the closed position. Thus, when the doors are 
closed, they cannot be opened by pressure on the 
sensitive edges but any pressure on the Sensitive 
edges however, will sound the warning bell which 
will indicate to the operator any attempt to pry 
open the doors which are, of course, locked by 
the cooperation of the electromagnet 29 with the 
toggle. 

It is obvious from the above description that 
the doors are held locked in the closed position 

O 

5 

20 

49 

5 

5) 
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6) 

6 
by magnetic means only. In the event of a powei 
failure, there would be no current passing 
through the lock coil, and the doors ean then 
be opened manually, since the ball hut, and screw 
are reversible in action. Also in the case of an 
emergency, the doors could be 6pened thanually 
by a passenger after operating an energency 
switch (not shown), which would merely discoil 
nect the source of battery voltage to the operator. 
From the foregoing, it will be clear that I have 

provided an electrically operated unitary device 
which may be employed for opening and closing 
doors of elevators, buses, trains and the like and 
which, except for the manually operated cohtról 
switch 40, is a compact unit from which condic 
tors may be run to the various auxiliary devices 
which it is desisted to be operated thereby. 
While it have described: ray invention in its pre 

ferred embodiment, it is to be understood that 
the Words which I have ased are words of descrip. 
tion rather than of limitation and that changes, 
within the purview of the appended claims; may 
be made without departing from the true scope 
and spirit of my invention in its broader aspects. 
What I clair is: 
I. A. door operator, comprising a reveisible 

electric motor; a worm connected to the shaft 
of said motor and driven thereby; a ball-nut co 
operating with said worlim, whereby, said woria 
and nut, folia a reversible diving reclarish; 
means operatively connected to said nut and 
adapted to be operatively connected to a door 
shaft for turning the same as said nut moves 
on said worm; a togglehaving the free end of one 
leg thereof held in fixed pivotal relation to said 
imotor, the free end of the other leg pivotally con 
nected to said nut, and being only slightly bent 
at the knee when said autisin door-closed posi 
tion; an electromagnet having its fiela is close 
proximity to said toggle when saidnut is in door 
closed position; whereby, when energized, sai 
magnet will hold said toggle approximately 
straight andlock said door in closed position; anti 
electric circuit forming means, including said 
electromagnet and a switch automatically actu 
ated by the door-closing movement ci said opera 
tor - when said door is substantially closed, for 
closing said circuit and energizing said rhagnet; 
to lock said door in closed position. 

2: A door operator adapted to open and close 
a pair of doors and comprising a reversible elec: 
tric motor; right and left handworms connected, 
respectively, to the opposite ends of the shaft of 
said motor and driven thereby; a pair of ball 
nuts, one cooperating with each of Said worris, 
whereby each of said worms and its cooperating 
nut forms a reversible driving mechanisin; teams 
operatively connected to each of Said nuis anti 
adapted to be operatively connected to the shafts 
of said doors for simultaneously turning the Sarine 
to open and close said doors as said nuts move 
on saidworms; at least one toggle having the free 

6: 5 

75 

end of one of the legs thereof held in fixed pivotal 
relation to said motor, the free end of the other 
leg pivotally connected to one of Said nuts, and 
being only slightly bent at the knee When Said 
nuts are in doors-closed positions; an electro 
magnet having its field in close proximity to the 
knee of said toggle when Said nuts are in doors 
closed positions; whereby, when energized, Said 
magnet will hold said toggle approximately 
straight and lock Said doors in closed position; 
and electric circuit forming means, including Said 
electromagnet and a switch automatically actu 
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ated by the door closing movement of said opera 
tOr When said doors are substantially closed, for 
closing Said circuit and energizing said magnet 
to lock said doors in closed position. 

3. In a door operator, the combination with a 
shaft Secured to said door, and about the axis 
of which, said door is swingable to effect an open 
ing and closing thereof; of a reversible electric 
motor having shunt and series fields; a worm 
Connected to the shaft of Said notor and driven 
thereby; a ball nut cooperating with said worm, 
whereby said worm and nut form a reversible 
driving mechanism; means operatively connect 
ing Said shaft to said nut; a source of power; a 
manually controlled Switch; a relay energized 
from Said Source of power when said control 
Switch is closed; means, including an electro 
magnet normally energized when said door is 
closed for locking said door in closed position; 
a first SWitch actuated by said relay, when en- : 
ergized, for deemergizing said electromagnet to 
unlock said door; a second Switch actuated by 
Said relay, when energized, for connecting said 
motor, including both fields thereof, to said 
Source of power to effect an opening movement 
of Said door; and a third Switch automatically 
actuated by the door-opening movement of said 
operator when said door is near its fully open 
position for closing a shunt circuit around the 
armature of Said motor, whereby to reduce the 
Speed of Said motor by reducing the current flow 
ing through the armature thereof while main 
taining the current flowing through said fields 
Substantially constant; whereby, said motor will 
function as a brake and prevent said door from 
Slamming open. 

4. The Structure set forth in claim 3 together 
With a fourth Switch actuated by the door-open 
ing mechanism. When said door is fully opened 
for automatically opening the circuit from said ii 
Source of power through Said motor. 

5. In a door operator; the combination with 
a pair of doors; of means on which said doors 
are mounted to move towards and away from 
each other to effect a closing and opening there 
of; a reversible electric motor having shunt and 
Series fields; a right hand worm connected to 
one end of the shaft of said motor, and a left 
hand worm connected to the other end thereof; 
a ball nut cooperating with each of said worms 
and forming therewith reversible driving mech 
anisms; means operatively connecting, said nuts 
to said doors; a Source of power; a manually 
Controlled Switch; a relay energized from said 
Source of power When said control switch is 
closed; means, including an electromagnet nor 
mally energized when said doors are closed for 
locking then in closed position; a first switch 
actuated by Said relay, when energized, for de 
energizing Said electromagnet to unlock said is 
doors; a Second Switch actuated by said relay, 
When energized, for connecting said motor, in 
cluding both fields thereof, to said source of 
power to effect an opening movement of said 

5 

O 

8 
doors; and a third switch automatically actu 
ated by the door-opening movement of said op 
erator when said doors are near their fully open 
position for closing a shunt circuit around the 
armature of Said motor while maintaining the 
Current flowing through said fields substantially 
constant; Whereby the speed of said motor will 
be reduced and Said motor Will function as a 
brake and prevent said doors from slamming 
Open. 

6. The structure set forth in claim 5 together 
With a fourth Switch actuated by the door-open 
ing mechanism. When said door is substantially 
fully opened for automatically opening the cir 
cuit from Said Source of power through said 
notor. 

7. In a door operator, the combination with a 
shaft Secured to said door, and about the axis 
of which, Said door is swingable to effect an 
Opening and closing thereof; of a reversible elec 
tric motor having shunt and series fields; a worm 
Connected to the shaft of said motor and driven 
thereby; a ball nut cooperating with said worm, 
Whereby Said Worm and nut form a reversible 
driving mechanism; means operatively connect 
ing Said shaft to Said nut; a Source of power; a 
manually controlled Switch; a relay energized 
from Said Source of power when said control 
SWitch is closed; means, including an electro 
flagnet normally energized when said door is 
closed for locking Said door in closed position; 
a first Switch actuated by said relay, when en 
ergized, for deemergizing said electromagnet to 
unlock said door; a second switch actuated by 
Said relay, when energized, for connecting said 
Inotor, including both fields thereof, to said 
Source of power to effect an opening movement 
of Said door; a third Switch automatically actu 
ated by the door-opening movement of said op 
erator When Said door is near its fully open po 
Sition for closing a shunt circuit around the air 
mature of Said motor, whereby to reduce the 
Speed of Said notor by reducing the current flow 
ing through the arrinature thereof while main 
taining the current flowing through said fields 
Substantially constant; whereby, said motor will 
function as a brake and prevent said door from 
Slanning open; and means for adjusting the 
time at which said third switch will be actuated 
by the door-opening movement of said operator. 

WALLACE HAMILTON. 
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