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1

My invention relates to door operators and
partzcularly to those which aré actuated by elec-
trlclty

At the present tlme compressed air is generally
used for operating the doors of buses and the
hke alfhough in some cases such doors are hy-
drauhcally operated. . But compressed air sys-
tems have several 1nherent disadvantages. De~
splte regular precautmns, the air lines and cyl-
1nders eventaully become clogged with dirt and,
in cold weather, condensatlon and freezing of
moxsture n the an' llnes and cylinders causes
serious operatmg d1ﬂlcultles Furthermore, pis-
ton packmgs have a 11m1ted life and, in some in-
stances must be replaced very frequently. Be-
causé of these d1fﬁcult1es, correct operating ad-
Justments are dlfﬁcult to mamtam

Hydrauhc 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 vehxcles brakes and, occasion-
ally a leak sprays oil under high pressure into
the interior of a vehlcle loaded with passengers.

The principal obJect of my invention is to pro-

vide a safe, dependable, electrical unit for the

control and operation of vehlcler doors. A fur-
ther object is to provide such & dewce wh1ch is
adapted to replace the air and hydrauhc cyl-
inders' now being uséd on buses to operate the
doors thereof although it may be used to opérate
other- types of doors.

In the drawmgs——-

Fig. 1 is a plan view of the unit;

Flg 2 is'a front elevation with portions broken
away;

Fig. 3 is an enlarged fragmentary plain’ v1ew,
partlally in sectlon, of a detail;

Fig. 4is'an enlarged fragmentary plan view of,

another detall showing' the relative position of
tHe parts when' the- doois are in open position; |
Fig. 5'is' a" front elevation view of the défail
shown*in- Flg 4;
Flg 6 is'a section of Pig. 5 in the plane 6—86;

Pigs: 7,89, 10, 11, 12 and 13 ate wiring d1a—'

grams showmg the various switches and circuits

which exist when'the’ dgors are in various posi-

tions; and'

Figs: 14, 15, 16, 17 ahd 18 are disgrammatic

plan views' showing the doors in various posi-
tions.
Referring to the' drawings—

i is the base to which various elements of the:'

uhit are attached"‘ 25 an electric’ motot havmg

both a serles and 4 shunt fleld winding, and’ hav-

ing’ shaft Housings 3" and 4 secured therets on

5
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opposn;e s1des by means of Which the motor ;s
supported in brackets 5 and 6. Secured to each
erid of the motor shaft 1i5a worm or screw. 8,
only one. of wh1ch s .shown, whlch cooperate
mechanism ,\That i§ to 58, the motor may, dr1ve
the nuts along the worms, or the motor may be
drlyen by force apphed 1o elther of . the. nuts 1n
a d1rect1on Whlch w1ll move it longltudmally of
its assomated wo The uts 14 are fixed to the
shafts 9 and 10 which. actuate the doors as, fol-
lows: the freé énds of the shafts 9 and lﬂ are
bifircated, as shown at 12 and (3 and have ad-
Justable lmks 4 and i5 plvotally secured thereto
by plns s and i1, respectwely The links (4 and
{5 are plvotally secured. to, the arms . 18 and (8,
respectively,. which, in turn are clamped to the
vertlcal shafts 20 and 21 which actuate the doors
22 and 23. .

In order to lock the doots in closed pos1t1on I
prov1de a toggle wh1ch s actuated by the shaft
NT and whlch will e descmbed in connection with
Figs. 3, 4 5 snd 6 One' leég 24 of thé toggle is
secured in ﬁxed plvotal relation to the base and
motor, as shown at 25 in Figs. 4 and 5; and the
othier leg 26, the length of which may be ad-
Justcd by means of the threaded rod. 21, is pr-

. Afﬁxed to the basé i§ 4n electromagnet 29 hav;
ing the pole30 thereof and a U-shaped frame

on opp,osme sides_of the pole. 30, forming a sub-

stantially cloted mastietic ciréuit with the toggle

memb TS 24 and zo when the knee 3l 1s ‘in close

33 represents,
‘al block to whlch electncal

20 plamed below and the manner in Whlch the va1 1-_

ous automatm sw1tches .are connected in these
01rcu1ts will-also. be explained.
first, however to Flgs 1 and 2 34

,represents ai opening 11m1t sw1teh havmg an:

operating eélement 35 which is contacted by the
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bin 11, 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 {8, or other
means moving with shaft 10, when the doors are
closed. 36’ is another switch which is actuated
by the pin T 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 Pigs. 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; 41 is the battery;
42 is the coil of relay 32, which, when energized,

moves the switches 43, 44 and 45 to the left; 46 ¢

represents the armature of the motor 2 having
the series field 4T 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 forming means are shown in
solid outline, but the particular circuits which

are established from time to time are shown in 2
dotted outline, and the direction of current flow

therein is indicated by the arrows.

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 41 flows
through the switch 43, the coil 49 of the locking
electromagnet, the armature 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 =

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, 44 and 45 are thrown into the posi-
tion here shown, and the following ecircuits are
then established: From battery 41 through the
switch 40, the relay coil 42, and back to the bat-
tery. At the same time, another circuit is es-
tablished from the battery 41 through switch 43,
opening limit switch %8, opening braking switch
51, the armature 46 of the motor, switch 45, the
series fleld 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.
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The opening movement of the doors automatical-
ly moves the opening braking switch 50 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 bettery through the switch 43, opening limit
switch B8, 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 51, the opening brak=
ing resistor 52, the series field 47 of the motoy,
and back to the battery; and the other circiiit
through the armature 45 of the motor, the switch
45 and the series field winding 47 back to the
bhattery. 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 motor circuit however, passes through the
resistor §E, the armature 46 of the motor, the
series field 47 to the battery and also throuzh the
opening braking switch 51, the resistor 52, and
the field 47 to the battery, thus partially shunt-
ing the armature 46. The armature current is
thus greatly reduced with respect to that of the
fields and causes the motor to rotate 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 B2 in the circuit which shunts the arma-
ture, and the motor exercises a braking effect
which prevents the deors from slamming as they
reach the fully open position. Since the resist-
ance of the resistor §2 is comparatively low, the
current from the battery is limited by the action
of the resistor 5. The resistances of the resistors
82 and 85 are interdependent and must be such
that the motor will tiil operate slowly towards
the opening position in the event some cbstacle
slows up the opening doors.

When the doors reach the fully open position,

the opening limit switch 56 is automatically
opened by the movement of the doors and brakes
the cireuit 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
49 is opened as shown in Fig. 11. This deener-
gizes the relay coi] 42, the switches 43, 44 and
45 reassume their original positions, and the fol-
lowing circuits are established: From the battery
through switch 43, closing limit switch 50, arma-
ture 45, but in a direction opposite the direction
in which the current flows therethrough during
the door opening movement as shown in Fig. 8,
through the resistor 52, switch 45, series field 47
and back to the battery. Another circuit is es-
tablished through the switch 44 and through the
shunt winding 43. Because the resistor 53 is now
in series with the armature and the series field
of the motor, the motor operates at a slower rate
than during the door opening movement, thereby
causing the doors to close at g somewhat slower
speed than that at which theéy open. When the
doors reach closed position,  the closing limit
switch 58 is autoreatically moved from the posi-
tion shown in Fig. 11 to-the position shown in Fig.
7, thereby energizing the high resistance coil 48 of
the electromagnet which ldcks the doors in closed’
bosition and reestablishes the circuit shown -in
Fig. 7.

The adjacent edgés 57 and 58 of doors of the
type shown in Figs. 14-18, inclusive, are usually
fitted with so called “sensitive edges” comprising




19

2,661,945

5

‘switches encased in rubber tubes which will close
‘when either: of the tubes iy deformed by pressiire

applied to the outside of the tube. The doors
shown: in the last mentioned figures are to be
understood as -beilig equipped with such -edges,
and the switches 59 and 80 in Pig. 12 are to be
understood as disgraminatically representing the
switches in: the door edges. Either one or both
of these switclies may be closed by pressure ex-
erted on the edge of the door by an obstacle en-

coantered in: the closing thereof. The switch 61,

as: shown: i Figs, 712, inclusive, is a- diagram-
maatie showing of: the switch: 38 ir Figs. I and 2,
and the switch. 62 miay be associated therewith
or-with. the. closed limit switel 50 so-that they are
automatically actuated to the positions shown-in
Pig. T when: the doors are c¢losed., If there isino
pressure dgainst the edgés of the door, both
switches: 59 and 80 are normally open.
Assumiing that pressure- is applied to-the: edge
of. the:.door with which: the switeh 89 is assogi-
ated; this. switch will: close; as-showty in- Flg, 19
and, initially, establish: & cireuit from the bat-
tery through the relay coil 42 which- will energize

the:relay and cause: the switches 43, 44 and 45 to ©

move-to-the left into:the position shewn i Fig. 13t
Thisiwill establishi a relay circuit: (showry ifi solid
outline only to: aveid confusiony through-the mo-
tor  and cause the: doors: te start opening. 'The

movement. of the. switelies: 43: and 48 however, to :

the positien: shown in Fig. 13, establishes g cir~
cuit frem the battery through: the switch 43 the
opening lmit. switeh: 56, the: résisior 54, coil 42
of the relay, and baclk to: the. battery; it being

apparent. that the: circuit: through- the: motor: is !

the door-opening circuit similar to. that shown
in Pig. 8. When: the doors: reach the. fully open
position, the opening: limit-switch 45.is automati-
eally -opened, which: deerergizes the relay, ecauses
the switches: 43, 44 and 45 to:move into the posi-
tion: shown. in: Fig: I'L, and: the doors start- elos-
ing. When closed, the closirig limit switech §3
automatieally - opens;. and: the: civcuits: shown: in
Fig: T are: reestablished;

In. addition: to acting: as: a closing: limit switehy

the switch 58 may dlso function: to.operdte a sig-
nal light to:let. the: operator khiow: when-the -doors
are fully closed; the conductor 63 running tg:the
signal light (not: showny and: a:--conductor (ot
shiowr),. returning: from: the: signal light to: the
battery.

THe switch 62, which is automatically actuated
simultaneously with.the.switch §{ 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 its:brakes
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: €1. to the sensitive: edges, as:shown

in: Fig: 12;. and the codnucter 65 transfers any

impulse: frem 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

10

20
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50

5 switch 490, is & ecompadt: unit from: wh

6

by maghetic means 6hly. In the évent of & (5
failure, there would beé ¢ current
through the l6ck coil, aiid the doors éakh- then
be opened manually, sinice the ball aut and serévw
are reversible im action. Alsy it the casé of an
emergency; the doors: eculd 5é &pensd Hanuglly
by a passenger dfter oper ating an epyérgency
switeh (mot shown), which would merely discor:
nect the souree of bahtely voltage to the operaum
From the foregoing; it will be clear that T Have
provided an-electrically opersted unitary device
which may be employed for operiing and clesing
doors of e€levators, Buses, traigs and uhe lli(e and
whieh, exeept for the manualy op

tors-may be run to the various auziliary demcea
which: it is® desived: to: be operated therehy.

While T have describedi iy invention: in it pre-
ferved embediment, it is t¢* be: understood that
the words which ¥ have used are words 6f descrlp-
tion rather than of limitatior: and that changes:
within the purview of the' appended clmms May
be made withHout. departing: from: the frue séope
and spirit of my invention: if its broader aspests.

What I claim: is*

L. A door operaior, comprising a revemible
electric motor; a- Worin dorinected to: the sHafi
of gaid myotor and driven: theteby; a+ ball nué co-
operating witly said: worm, wherehy, said
and wub fowm a- reveisible diiving mechamsm,
means - operatively connected o' said nat dnd
adapted to be operatively edhnected -to- o doot
shafi for turning the:same:as said nut moves
onsaid worny;- a toggle Naving: the freeend: 01 cne
leg theresf held iw fixsd pivetal relation: to: said
motor, the free end of the other leg pivot "(‘Oﬂ"-‘
nected to- sald wut; sand beiry only slshtly bent
at the knee when said dut istin' door-closed! posi-
tion; an electromiasneét Naving its' feld i closs
proximity to said'toggle whesttsgidinut- is i door-
closed position; whereby, when energized; said
magnet will' hold' said teggle approzimately
straight and-lock said doorin closed position’ ang
electrie- cireuit forming' raeans, includihy said
elec’m omaghet and & switch: automamcaliy' actu-

ted by the door-closing movement ef said opers=
tor- when gaid’ door is substantially: closad; for
closing said: cirenit and energizing’ said msghnet
{0 Tock said door it clgsed pembmn

2;" & door operator adapted to open and close
4 pair of doors and' comprising a reversible elecs
tric motor; right and left hand worms’ connegsted,
respectively, to: the opposite ends of the shaft of
said. motor and’ driven thereby; a pair of ball
nuts, one cooperatiiy with: each of said WOTE,
wheraoy each of said’ worms' and its cooperating
nut forms a reversible driving’ wiechanisra; iisans
operatively connected to each of said nufu's; axd
ad’apbed 0 be operauwel‘y cc,"mected to 1e shwf

to open ana close said’ doors g5 said nuts movL,

- on said worrias; atleast one toggle having thefree

@
St

75

end of one of tlie legs tHereof held m fi¥ed plvotal
relation to szid motor; the freée end of the other
leg pivotally connected to one of said nuts, and
being only slightly hent 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 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-
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 deenergizing 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 -

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 7

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 them in closed position; a first switch
actuated by said relay, when energized, for de-

energizing said electromagnet to unlock said *

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

wt

10

e

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 flelds 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 saild door is substantially
fully opened for automatically opening the cir-
cuit from said source of power through said
motor. .

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-
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 deenergizing 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; 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 ar-
mature 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; 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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