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United States Patent Office 2,924,449 
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2,924,449 
DooRoPENING DEVICE 

Albert Leimer and Lukas Schmid, Augsburg, Germany, 
assignors, by mesne assignments, to Reasse Hopkins, 
Philadelphia, Pa., 
Application December 12, 1955, Serial No. 552,627 

4 Claims. (CI. 268-65) 

This invention relates to apparatus for opening and 
closing doors automatically by means of a novel electric 
motor and linkage assembly. 
The door opening apparatus of this invention, to be 

known as "Electro Magic Door,” comprises essentially 
a power train including a motor and a linkage driven 
thereby which incorporates a slipping device or “break 
arm" connection to permit manual opening of the door 
without operating the driving motor. 
A further feature of the invention resides in the pro 

vision of a slippable friction clutch between the motor 
and linkage to operate as a damping or restraining means 
or overrunning device to permit manual opening of the 
door, stopping of the door while the motor is operating 
and to function as a damping device to prevent slamming 
of the door. The motor includes a brake operable in re 
sponse to energization of the motor so that the brake is 
always applied to hold the motor rotor stationary when 
no current is supplied to the motor. 
The invention also includes limit switches responsive 

to rotary movement of a driven part of the power train 
and positively indicative of the position of the door for 
deenergizing the motor when the door reaches fully open 
and/or fully closed positions. The apparatus of the 
present invention comprises essentially an assembly of 
parts adapted for ready application to either single or 
double doors already installed or which may as readily be 
incorporated in new installations. The driving linkage 
connected to the motor includes an arrangement whereby 
the motor applies high opening force to the door at very 
low f movement when the door is at or near its 
fully open and fully . . . . . . . 

age inherently provides for the application of relatively 
low force at relative high rates of movement when the 
door is moving through intermediate portions of its total 
range. 

It is therefore an object of this invention to provide a 
linkage assembly adapted for use with either 

gdoors, whether they be single or double 
doors, for automatically opening and closing the same. 
Another object of this invention is to provide such an assembly so designed as to permit manual opening of 

the door and holding the same in open position without 
operating the motor. 

Still another object of this invention is to provide a 
door opening apparatus of the type set forth wherein 
temporary obstructions the door may encounter in its 
opening or closing movements will not cause damage to 
the mechanism or stalling of the motor. - 
A further object of this invention is to provide a motor 

driven door opening apparatus including a linkage as 
sembly so arranged that the motor applies high forces 
to said door at low rates of movement at the start and 
end of its opening and closing movements and low actuat 
ing force at relatively high rate of movement during 
intermediate portions of the swinging movement of the 
door. - 

A still further object of this invention is to provide an 
- 

itions and that same link 
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apparatus of the type referred to including adjustable 
limit control means to deenergize the motor when the 
door reaches fully opened or fully closed position. 
An additional object is to provide such an apparatus 

including a damping device to prevent slamming or over 
travel of the door beyond its intended limits of move 
ment. 
Another additional object of this invention is to provide 

an apparatus attaining the above described objectives 
and which is simple in construction, economical to manu 
facture and reliable in operation. 

Still other objects and advantages will become ap 
parent to those skilled in the art as the description pro 
ceeds in connection with the accompanying drawings 
wherein: 

Fig. 1 is a side elevational view of a motor device 
adaptable for use with all forms of the invention dis 
closed in subsequent figures. 

Fig. 2 is a fragmentary sectional view on an enlarged 
scale taken substantially along the line 2-2 of Fig. 1. 

Fig. 3 illustrates a simple embodiment of the invention 
wherein the motor is mounted on the hinged door. 

Fig. 4 is a horizontal sectional view through an in 
stallation embodying a modified form of linkage from 
that shown in Fig. 3. 

Fig. 5 is a view similar to Fig. 4 but showing the 
parts in different relative positions. 

Fig. 6 is a view of apparatus corresponding to that of 
Fig. 3, but showing the motor mounted on the other side 
of the door from the side shown in Fig. 3. 

Fig. 7 is a side elevational view of the installation 
shown in Fig. 6. - 1 

Fig. 8 is a view of apparatus like that of Fig. 3 but 
showing the motor mounted on the frame rather than 
on the door itself. 

Fig. 9 is a horizontal sectional view through a door 
installation illustrating a further modified form of the 
invention arranged to open double doors. 

Fig. 10 is a view of the apparatus of Fig. 9 but show 
ing the parts in different relative positions. 

Fig. 11 is a view similar to Fig. 9 but illustrating a 
further modification of the apparatus; and 

Fig. 12 shows the apparatus of Fig. 11 with the parts 
in different relative positions. 
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Referring first to Figs. 1 and 2, which illustrate a motor 
device adapted for use with each of the modifications 
to be described herein, a motor housing 2 houses any 
suitable type of electric motor and is provided with a 
portion 4 having a speed reducing gear train (not shown) 
therein. The motor housing 2 is provided with a fitting 
6 through which suitable electrical conductors 8 extend 
to energize the motor and other control elements to be 
described. An extension 10 of the motor housing 2 
contains a brake arrangement (not shown), which may 
be of any desired or well know type, wherein a brake 
is applied to the motor rotor to stop and hold the same 
stationary when the motor itself is deemergized. The brake 
may be normally spring set and electromagnetically re 
leased upon energization of the motor or it may be nor 
mally Spring released and electromagnetically applied 
when current to the motor coils is cut off, it being only 
necessary that a suitable automatically engageable and 
releasable brake be provided to operate as suggested above. 
The speed reducing gears in housing portion 4 drive an 
output shaft 12 extending outwardly of the housing 4. 
A driving friction member 14, having a facing of friction 
material i5 thereon, is keyed to the shaft 12 by means 
of a key 6 or the like whereby the member 14 is posi 
tively driven in rotation with the shaft 12 but is free for 
axial movement thereon. A driven clutch member 18 may 
be in the form of a hollow drum, as shown, having a hub 
20 journalled on the shaft 12 and an outer peripheral 
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flange 22 radially spaced from the hub. A nut 23 threaded 
to the shaft 12 may be adjusted to regulate the pressure 
between the friction facing 15 and driven clutch mem 
ber 18 to thereby regulate the maximum torque the shaft 
is capable of delivering to a linkage to be described. The 
driven clutch member 18 includes a radial crank arm 24 
rigid therewith and constituting a driving crank for the 
apparatus. A bracket 26 is slideably adjustable on the 
radial crank arm 24 and is provided with a clamping screw 
28 whereby it may be fixed in any selected position of 
adjustment along the crank arm. The bracket 26 is pro 
vided with a crank pin 30 for a purpose to be described 
hereinafter. 
As previously stated, the driven clutch member 18 

is preferably in the form of a hollow drum and overlies 
a pair of motor-control switches 32 and 34, each having 
a movable switch operating element 36 positioned ad 
jacent the inner periphery of the flange 22. The flange 
22 is provided with a pair of generally parallel circumfer 
ential slots 38 and 46 (see Fig. 1). A switch actuating 
member 42 is adjustable along the slot 38 and a similar 
switch actuating member 44 is adjustably mounted in 
the slot 40. A evident from Fig. 2, the switch actuating 
means 36 on the respective switches 32 and 34 are at 
different elevations whereby the switch 32 responds only 
to contact with the switch actuating member 42 whereas 
the member 44 is the only one that can actuate motor con 

15 

20 

25 

trolling switch 34. Preferably the switches 32 and 34 
are positioned on generally opposite sides of the shaft 
12 and the members 42 and 44 are positioned relatively 
close to each other so as to both be accessible for ad 
justment at the same time. The switches 32 and 34 are 
so arranged in the motor circuits that upon actuation of 

30 

either switch by its corresponding member 42 or 44, a 
circuit carrying current to the motor will be opened 
and the motor thus deemergized. The adjustment and 
functioning of the motor control arrangement just de 

35 

scribed will be further described in greater detail later. ..., 
Referring now to Fig. 3, which shows a door 50 hingedly 

mounted, by means of suitable hinges 52, on a stationary 
frame 54, the motor housing 2 is securely mounted on 
the inner face of the door 59. A thrust link 56 is pivoted 
at one end thereof on a bracket 58 secured to the frame 
54 and is pivoted at its other end to the crank pin 30 
previously described. It is to be noted that with the 
door 50 in a closed position as shown in full lines in 
Fig. 3, the axis of shaft 12, the pivot axis of link 56 
on bracket 58 and the axis of crank pin lie nearly in 
straight line relationship. It is preferred, however, that 
they do not assume a straight line relationship but that 
the axis of shaft 12 be offset laterally from a line joining 
the ends of link 56, as shown. 

In the modification shown in Fig. 3 and in other modi 
fications to be described hereafter, the means for initially 
energizing the motor 2 may be of any desired or known 
type. It is contemplated that the motor may be initially 
energized by a hand switch, by a photo cell, by sound 
waves, by an electric field, or by means of a contact 
carpet or contact step. Generally automatically operable 
doors are caused to open by mere proximity of a person 
to the door. Such proximity may cause the door to op 
erate by virtue of interruption of a light beam, distortion 
of an electric field or by the actual physical closing of a 
switch by contact with the person or in response to the 
weight of the person approaching the door. Whatever 
means are employed to energize motor 2, the motor 2 
commences operation in such manner as to rotate the 
crank arm 24 in a clockwise direction as seen in Fig. 
3 at a substantially uniform rate. From the arrangement 
of the parts shown in full lines in Fig. 3 it will be evident 
that when the door is in closed position the initial rota 
tion of the crank arm 24 and the relationship of that 
crank arm to the link 56 is such that a relatively high 
compressive force is applied to the link 56 with a re 
sultant reactive force being applied to the door 50 but 
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4 
at a relatively low rate of movement to thereby facilitate 
acceleration of the door from a standstill. As the door 
swings to mid-open position the crank 24 assumes a 
position generally perpendicular to the link 56 at which 
time the force transmitted to link 56 is at a minimum 
but the rate of movement of the door is at a maximum. 
As the door approaches and reaches fully open position, 
as shown by dotted lines in Fig. 3, the crankpin 30 again 
approaches the straight line defined by a line joining the 
axis of shaft 12 and the pivotal mounting for the link 56 
so that the rate of movement of the door decreases and 
the controlling force on link 56 increases to thus de 
celerate the door before it reaches fully open position 
even though the crank arm 24 rotates at a substantially 
uniform speed. This feature of the invention enables a relatively light inexpensive motor to be employed and 
yet be effective to operate a relatively heavy door. 

It will be obvious that the switch actuating members. 42 
and 44 described in connection with Figs. 1 and 2 may 
readily be adjusted in their respective slots to deemergize 
the motor 2 when the door 50 reaches its closed position 
and to again deemergize the motor after the door has 
been swung to substantially its fully open position. 
By virtue of the inclusion of the friction clutch shown in 

Fig. 2 in the motor drive, the door 50 may be manually 
pushed to fully open position without energizing or op 
erating the motor. The friction clutch would merely slip 
under those conditions to permit the door to be pushed 
open. Upon swinging the door to fully open position, 
the friction clutch is effective to hold the door open. This 
is possible since any tendency of the door to close is re 
sisted by the friction clutch and crank arm 24 and the 
motor itself since the motor rotor is held stationary by 
the brake previously described. 

Referring now to Figs. 4 and 5, the motor 2 is con 
sidered identical to that previously described and is pro 
vided with the same crank arm 24 and driving shaft 12. 
The linkage connecting the crankpin 30 and bracket 58 
is somewhat different in this modification. The first link 
60 is pivotally mounted on the bracket 58 and is pivotally 
joined at its other end on an axis 62, to a connecting rod 
or link 64. The other end of the rod 64 is pivotally con 
nected to the crank pin 30. The link 60 and rod 64 are 
provided with cooperating abutments 66 and 68, the lat 
ter of which may be adjustable, acting to limit pivotal 
movement of 64 relative to 60 in a counter clockwise 
direction as seen in Fig. 4. It will be apparent that rota 
tion of the crank arm 24 in a clockwise direction will 
tend to swing rod 64 counter clockwise relative to link 
60 but such movement is prevented by the abutments 66 
and 68 so that the link and rod assembly acts as a single 
rigid member to transmit force from the crank pin 30 
directly to the bracket 58 and thus cause the door to open 
to the dotted line position shown. Under those conditions 
the apparatus functions as if a single rigid straight link 
extended directly from the crank pin 30 to the bracket 58. 
The link 60 and the rod 64 are each provided with out 

wardly directed ears 70 and 72 respectively. Each of the 
ears 70 and 72 forms an anchor for one end of a tension 
spring 74. The tension spring 74 is so arranged and pre 
tensioned that its line of action extends to one side of the 
pivot axis 62 and the spring thus acts to normally hold the 
abutments 66 and 68 in engagement as shown in Fig. 4. 
It will be evident that, when the door is in the open posi 
tion shown in dotted lines, reverse rotation of the motor 
2 to effect closing of the door will tend to separate the 
abutments 66 and 68, but that tendency is resisted by the 
spring 74 and the spring itself transmits the necessary 
force to initiate closing movement of the door. 

Fig. 5 illustrates the relative positions of the parts, after 
the door has been manually swung to open position with 
out energizing the motor 2. By reference again to Fig. 4 
it will be noted that the crank pin 30 lies quite close to 
the door 50 when the latter is closed as shown in full lines. 
As seen in Fig. 5, the crankpin 30 remains in the same 
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position relative to the door and motor since the crank has 
not been driven by the motor. Nevertheless, the door 
has been swung to full open position by virtue of the 
pivotal connection between link 60 and rod 64. To so manually open the door it was only necessary to overcome 
the tension of spring 74 and swing the link 60 and rod 64 
relative to each other to the position shown in Fig. 5. 
It is to be noted that upon manual opening of the door 50 
to the position shown in Fig. 5, the line of action of the 
spring 74 moved across the axis 62, by virtue of the 
lateral extension of the ears 70 and 72 and the spring 74 
now tends to Swing the abutments 66 and 68 away from 
each other. In other words, as shown in Fig. 5, the spring 
74 has passed to an over-center position and functions to 

15 hold the door in the open position shown. 
In Fig. 6, in which all parts of the apparatus may be 

identical to those shown in Fig. 3, the motor is 
mounted on the outer side of the door 50 rather than 
the inside thereof as shown in Fig. 3. The method of 
mounting the motor in Fig. 3 permits mounting the same 
at any position intermediate the top and bottom.edge of 
the door 50. In the arrangement of Fig. 6 on the other 
hand, the motor must necessarily be mounted adjacent 
either the top or bottom edge of the door so that link.56 
and/or crank 24 may extend across the plane of the doer 
during the opening movement toward the bracket 58 
mounted on the frame 54. 

Fig. 7 illustrates the installation of Fig. 6 in side ele 
vation and needs no further detailed description. 

Fig. 8 again shows the apparatus of Fig. 3 but in an 
installation wherein the motor 2 is mounted directly on 
the frame 54 rather than on the door. 50, and necessarily 
the bracket 58 is secured to the door rather than the 
frame. In all other respects the structure and operation 
of the type of installation shown in Fig. 8 are the same 
as that of Fig. 3. 

Figs. 9 and 10 illustrate a different form of installation 
in which a single-motor-2 and crank arm 24 are arranged 
and adapted to simultaneously-open a pair of doors, 80 
hingedly mounted in an opening in frame 82. In this 
form of the invention a pair of connecting rods 84 and 
86 are independently pivoted to the crank pin 30 and each 
connecting rod is pivotally connected at its outer end to 
corresponding and identical links 88. Each of the links 
88 is pivotally mounted on a pin 90 mounted in fixed re 
lation to the frame 82. A second link 92 is pivotally 
mounted on each pin 90 for pivotal movement thereon 
independently of the links 88. The links 88 and 92 of 
each pair are provided with cooperating abutments 94. 
and 96, respectively, to engage each other to limit rela 
tive pivotal movement of the links to the position shown in 
full line in Fig. 9. Of course the links are free to pivot 
relative to each other in a direction to separate their abut 
ments 94 and 96. A spring 98 is provided for each pair 
of links 88 and 92 and acts to hold the abutments 94 and 
96 in contact with each other. The line of action of each 
spring 98 is to the right of its associated pivot axis at 90 
as seen in Fig. 9. Each of the links 92 is provided with 
a further abutment 100 positioned substantially diametri 
cally opposite its abutment 96. Preferably the abutments 
96 and 100 are made adjustable. The outer end of 
each of the links 92 is pivotally connected to a rod 102 
which is in turn pivotally connected to its corresponding 
door 80 by means of a suitable bracket 104. As will be 
obvious from an inspection of Figs. 9 and 10, and par 
ticularly Fig. 10, rotary movement of the crank arm 24 
from the position of Fig. 9 to the position of Fig. 10 in a 
counter clockwise direction transmits movement to the 
links 88 through connecting rods 84 and 86. The forces 
transmitted to the links 38 are in such direction that 
they firmly press abutments 94 and 96 together and act 
through links 88 and abutments 94 and 96 and links 92 to 
apply compression forces to links 102 and thereby open 
the doors 80 to the positions shown in Fig. 10. When the 
doors reach the open position the motor control switches 
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32 and 34, previously described, are actuated to stop ro 
tation of the motor. - 
As shown by the dotted line in Fig. 9, either door 80 may be manually swung to open position by overcoming 

the force of its spring 98 upon swinging link 92 about pin 
90. The abutment 100 on link 92 engages the rear side 
of abutment, 94 of link 88 to limit the manual opening 
movement of the door. It is also to be noted that the 
line of action of spring 98 moves across the axis of pin 
90 to hold the door 80 in open position. 

In the modification shown in Fig. 11 the motor 2 is the 
same as that described herebefore but the crank means 
comprises a driven clutch member 18 having a pair of 
diametrically opposed crank arms 24 and 25 thereon. 
The crank arm 24 is provided with a crank pin 30 as 
previously described and crank. arm. 25 is provided with 
a crank pin 31 similar to the crank pin 30. The con necting rods 84 and 86 correspond to the connecting 
rods, bearing the same reference numerals in Fig. 9 and 
are respectively connected to links 88 which may be 
identical to those described in the previous embodiment. 
The links 88 and 92 of this embodiment are identical 
in construction to those previously described and are 
also provided with springs 98 in the same relationship. 
The modification of Fig.11 differs from that of Fig. 9 
further in that the pins 90 upon which links 88 and 92 
are mounted constitute the hings pins for the doors 80. 
In other words, the common axis about which links 88 
and 92 may independently rotate is coincident with the 
hinge axis of the doors. This form of device eliminates 
links 102 of the previous embodiment since the links 92 
herein are rigidly fixed to the doors 80 by any suitable 
means. It will be noted that the motor 2 and operating 
linkage is posi tioned on the outside of the doors 80, 
whereas in Fig. 9 the motor and linkage arrangement are 
on the inside. In other respects the two modifications 
are similar except that the frame 82 of Fig. 11 is provided 
with recesses 110 to provide. clearance for the links 92 
when the doors 80 are moved to open position. It will 
be obvious that either of the doors 80 of Fig. 11 may 
be manually opened without actuating the motor 2, and 
the links 88 and 92 respond thereto and function in 
exactly the same manner as described in connection with 
Fig. 9. - - - - - 

Fig. 12 shows the mechanism of Fig. 11 after the motor 
2 has been operated to open the doors 80. It will be 
noted that the motor in this modification drives the shaft 
12 in a clockwise direction to effect opening of the doors 
whereas the shaft 12 of the Fig. 9 form is rotated in a 
counter clockwise direction. 

Although a number of specific embodiments of the in 
vention have been shown and described herein it is to 
be noted that the essential features of the invention are 
present in all modifications. In each form the motor and 
crank structure along with the motor control Switches 
32 and 34 is essentially the same and is as described in 
connection with Figs. 1 and 2. In each case a suitable 
motor brake is provided and the motor drives its crank 
structure through an adjustable pressure friction clutch. 
In each form the crank pin or pins are so positioned, 
when the door or doors are closed, that the link or con 
necting rod driven thereby transmits force from the 
crankpin in a direction extending closely adjacent the 
motor shaft 12 to thus provide an arrangement wherein 
high torque or forces are transmitted to the linkage at a 
low rate of movement during the initial portion of 
the door opening cycle and at the end thereof, whereas 
the intermediate portion of the cycle is accomplished by 
applying relatively light forces to the door at a relatively 
high rate of movement. In all forms shown the door 
may be manually opened in the event of power failure 
or for any other reason, without operating or energizing 
the driven motor and is held in open position. 
By providing radially adjustable crank pins, as de 

scribed, and by properly selecting the point of securement 
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of the door operating link relative to the door hinge, 
each installation can be made and adjusted so that a 
complete cycle of operation requires crank arm move 
ment of less than 180 within a range such that the 
parts never assume a "dead center" relationship. 

It is to be noted that if and when friction clutch slip 
page occurs, in all modifications described, during a 
motor operating cycle, no effect is produced in or by the 
switches 32 and 34 because operation of those switches 
is dependent only upon actual door position. 

Obviously the particular control employed to initiate 
operation of the motor to open the doors must energize 
the motor independently of the switches 32 and 34. Thus 
the switches 32 and 34 may be arranged in "holding' 
circuits closed by initial energization of the motor. 

Closing of the doors described may be effected in any 
desirable manner. For instance, any suitable time-con 
trolled switch may be employed to energize the motor 
for reverse rotation a predetermined length of time after 
it reaches fully opened position. On the other hand, the 
door closing cycle could be initiated by means similar 
to those employed to initiate door opening. 

It is to be further noted that, in the forms shown in 
Figs. 4, 9 and 11, after a door has been manually opened, 
subsequent operation of the motor through a full cycle 
in a door opening direction is necessary to effect auto 
matic closing of the thus manually opened door. Ob 
viously, however, a manually opened door may thereafter 
be manually closed without operating the motor. 

In the forms shown in Figs. 3, 6 and 8 the motor 
control circuits may be so arranged that a manually 
opened door is immediately conditioned for automatic 
closing (provided there is no power failure) or those 
circuits may be so arranged that manual opening of the 
door renders all motor controls inoperative until after 
the door has been manually returned to closed posi 
tion. 
The modifications illustrated herein are merely illus 

trative of the invention which is not to be limited thereto 
but which encompasses other modifications falling within 
the scope of the appended claims. 
We claim: 
1. In apparatus for opening and closing a door hingedly 

mounted on a frame, an electric motor device having a 

10 

5 

20 

25 

30 

35 

40 

8 
housing, a linkage device and means drivingly connecting 
said linkage device to said motor device, one of said 
devices being secured to said door and the other device 
being secured to said frame, said means drivingly con 
necting said motor to said linkage device including a 
hollow rotary member driven by said motor, a pair of 
motor deemergizing switches on said housing and within 
said rotary member, switch actuating elements carried 
by said rotary member and projecting inwardly there 
of, and independent means, accessible from outside 
said rotary member, mounting said elements on said 
member for angular adjustment there-around whereby 
said elements may be adjusted to deemergize said motor 
when said door reaches predetermined selected positions 
during its opening and closing movements. 

2. Apparatus as defined in claim 1 including means 
for restraining continued movement of said door after 
deemergization of said motor. 

3. Apparatus as defined in claim 1 wherein said rotary 
member comprises the driven member of a friction clutch. 

4. Apparatus as defined in claim 1 wherein said hollow 
rotary member is an open cup-shaped member arranged 
with its open side facing said housing, at least one 
circumferential slot through the side wall of said mem. 
ber, one of said independent means being adjustable 
along said slot. 
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