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My invention relates to electric elevator sys-
tems, and more particularly to systems in which
switching devices mounted partly on the elevator
car and partly in the elevator hatchway are em-

5 ployed to commutate various circuits in accord-
ance with the position of the car in the hatchway.

In systems of this general character, which are
well known in the prior art, the usual arrange-
ment comprises a plurality of switching devices

10 - carried upon the elevator car, one for each circuit
or group of circuits to be commutated, and dis-
posed to cooperate with devices spaced at prede-
termined intervals in the hatchway. The ar-

rangement has been such, however, that each of-

15 ' the switches must be mounted in a separate ver-
tical plane, in order to prevent interference, and
to obtain the proper sequence of operation of the
switches.

In the more complicated eleva.tor systems,

20 which require commutation of a substantial num-

ber of such circuits, the switches require a con-
siderable amount of space on top of the elevator
car, and the mounting thereof in separate ver-
tical planes becomes a serious problem.
In the majority of elevator systems, the rails
which guide the movements of the elevator car
~are mounted on two-sides of the elevator hatch-
way for cooperation with guide shoes resiliently
mounted on the elevator car. Due to the fact

30 that the spacing between the rails cannot be
maintained constant throughout the hatchway,
it is necessary to construct the guide shoes to
permit a certain amount of relative movement
between them and the car. This limited move-

35 ment is ordinarily of the order of from three-
fourths of an inch to one inch. It is also im-
possible to keep the load in the elevator car evenly
distributed, and it frequently happens, therefore,
depending upon the- distribution of load in the

40 car, that the car will be moved to one side of
the hatchway or the other. It therefore becomes
impractical to mount control apparatus on the
sides of the elevator car which are parallel to

_ the plane of such lateral movement.

{5 A portion of the remaining two sides of the
elevator car, which are available for the mount-
ing of hatchway switching devices is taken up by
other apparatus which must be mounted upon

_ . the elevator car. This additional apparatus com-

2 prises, in general, the mechanism for driving the
governor cable, a junction box toreceive the hang-
ing cables which carry conductors which connect
the electrical apparatus on the car with the main

_ controller for the elevator, the limit switch mech-

»? anisms, the cross head beam on which the guide

25

(CL. 187—29)

shoes are mounted, etc.. It is usually found that
the only space available for the mounting of the
hatchway switching devices is limited to that on
one side of the car, between the cross head beam
and the side of the car, and with relatively small
cars, it becomes very difficult to locate the re-
quired number of switches in this limited space.

The present invention comprises an arrange-
ment of apparatus whereby more than one hatch-
way switch may be mounted in a single vertical
plane, without permitting interference between
the several switches in the same plane, and with-
out disturbing the proper sequence of operation
of the several switches. In a preferred embodi-
ment of the present invention, to be hereinafter
more fully described, this objective is effected
partly by using hatchway switching devices hav-
ing - different operating characteristics, whereby
a particular switch, although brought adjacent
the hatchway members associated with other
switches, is not caused to operate until brought
adjacent the hatchway member associated with
the particular switch; and partly by so arranging
the circuits that operation of certain of the de-
vices is dependent upon previous operation of
others of the devices. ;

In the prior elevator art, a number of types of
switching devices comprising a part carried on
the car and a part mounted on the hatchway,
have been used to commutate various control
circuits in accordance with the position of the
car in the hatchway. These include devices
which are mechanically operated, devices which
are inductively operated, devices: which are mag-
netically operated, and devices which are oper- 35
ated through the cooperation between a source of
light and & light sensitive device. Arrangements
of the latter three types, which are preferable
in high speed systems, due to quietness of oper-
ation and minimized danger of breakage, are
{llustrated and described respectively in patents
to Claytor, granted May 16, 1933; Williams et al.
1,902,602, granted March 21, 1933; and Mattingly,
1,865,937, granted July 5, 1932, all of which are
assigned to the Westinghouse Electric and Manu- 45
facturing Company.

In the practice -of the present invention, I
prefer to use switching devices of the magneti-
cally operated type and of the light sensitive
type. As described in the Williams et al. Mat-
tingly patents, above identified, the magnetically
operated devices comprise a switch having a por-
tion of the magnetic circuit thereof carried upon
the elevator car and the remaining portion there-
of mounted in the hatchway, while the light
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sensitive arrangement comprises a source of light
and a light sensitive device normally disposed to
be illuminated by the light, both carried by the
elevator car, and an opaque shield mounted in
the hatchway to intercept the light.

The opaque shield may, of course, be made of
a non-magnetic material. It is seen, therefore,
that although the light sensitive unit and the
magnetic unit are mounted in the same vertical
plane, the opaque shield is effective to cause oper-
ation of only the light sensitive unit. The mag-
netizable member may, of course, be in the form
of a preforated plate, which, while effective to
operate the magnetic device would be ineffective
to interrupt sufficient of the light from the light
source to operate the light sensitive device. In
the illustrated embodiment of the present in-
vention, however, the usual solid magnetizable
plate is employed, and independent means are
provided to render the interruption of the light
ineffective to actuate the apparatus controlled by
the light sensitive device.

A representative use to which switches of the
character in question may be put is that of con-
trolling the deceleration, stopping, and, in cer-
tain cases, the leveling, of the elevator car, and
in the illustrated embodiment of the present in-
vention, the hatchway switching devices are used
for these purposes.

The present invention, in addition to providing
an arrangement to reduce the space requirements
of the hatchway switching devices also comprises
a novel leveling arrangement. In the usual prior
art leveling arrangement an up-leveling switch
and a down-leveling switch are mounted upon the
elevator car for cooperation, respectively, with
an up-leveling cam and a down-leveling cam,
mounted in the hatchway in such positions that
when the elevator car is level with the floor land-
ing, both switches are out of engagement with the
respective cams. In these systems, if the eleva-
tor car stops at, or drifts to, a point other than
level with the landing, one of the switches is
brought into engagement with the associated cam
and is, therefore, actuated to complete circuits
to cauise the car to move to the landing. In these
systems, since the leveling circuits are only com-
pleted when one of the switches is in engage-
ment with the associated cam, the leveling zone
is determined by the length of the cams. Ac-
cordingly, if the car stops or drifts to a point be-
yond the limits of the cams, no leveling move-
ment takes place.

According to the present invention, however,
the arrangement is such that the leveling zone is
independent of the dimensions of the hatchway
device. Accordingly, in the present arrangement,
although relatively short devices may be mounted
in the hatchway, the leveling zone is unlimited.

In addition to requiring a relatively simple cir-
cuit arrangement whereby the above leveling fea-
ture may be attained, a light sensitive arrange-
ment having many of the features of the arrange-
ment disclosed in the above identified Mattingly
patent is particularly advantageous in controlling
the leveling operations, in view of the extreme
accuracy of operation of these devices. Accord-
ingly, in the illustrated embodiment of my in-
vention, light sensitive devices are used to control
the leveling circuits.

As noted above, the leveling arrangement is
such that the length of the leveling zone is in no
way determined by the length of the shields,
mounted adjacent the floor level. In the illus-
trated embodiment of the present invention, how-
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ever, shields of from six to eight inches in length
are used, since the present invention also com-
prises a circuit arrangement whereby under cer-
tain conditions of operation, one of the light sen-
sitive devices controls a step of deceleration, from
high leveling speed to landing speed, when one
limit of the shield is reached, and, under other
conditions controls the stopping of the car, when
the other limit of the shield is reached. In ac-
cordance with this arrangement, although two
leveling speeds are provided, for each direction of
travel, a total of two light sensitive units is effec-
tive to control all four operations. By arranging
each device to control more than one separate
control function, it will be observed that less ap-
paratus is required, thereby further reducing the
space requirements of the hatchway switching de-
vices without reducing the number of steps of
deceleration.

It is accordingly an object of the present in- ¢

vention to provide an elevator system in which a
plurality of independent hatchway switching de-
vices may be mounted in the same vertical plane
without producing interference or disturbing the
proper sequence of operation of the switches.

It is a further object of the present invention to
provide such an arrangement in which hatchway
switches having different operating character-
istics are employed whereby the cooperating
hatchway members associated with other
switches, although brought adjacent a particular
switch, are ineffective to actuate that switch.

It is a further object of the present invention
to provide such a system in which magnetically

operated devices and light sensitive devices are 3

arranged to selectively effect various control oper-
ations.

It is a further object of the preseni invention
to provide an elevator system in which the level-
ing zone of the elevator is independent of the
dimensions of the devices, mounted in the hatch-
way, which initiate the leveling cperations.

A further ohject of the present invention is to
provide a leveling system of the above type in
which light sensitive devices are used to control
the leveling operations.

It is a further object of the present invention
to provide an elevator system in which a single
hatchway switching device is effective to control
a plurality of separate switching operations.

More particularly stated, it is a further object
of the present invention to provide a system of
the above character in which a single hatchway
switching device is effective under certain condi-
tions, to control a stopping operation, and is
effective under other conditions, to control a step
of deceleration.

Other objects and advantages of the present
invention will be apparent in the course of the
following detailed description thereof.

Referring to the drawings,

Figure 1 is a schematic diagram of a control
system embodying the present invention,

Pig. 2 is a view in perspective, showing the
relative positions and certain details of the mag-
netically operated, and light sensitive operated,
switching devices used in the practice of the pres-
ent invention, and

Fig. 3 is a view showing the relative positions,
on the car, of the hatchway switching devices,
and the members mounted in the hatchway for
cooperation therewith, respectively.

In Fig. 1, a motor M, having a field winding Mf,
is connected to receive power from a generator
G in accordance with the Ward Leonard or vari-
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able-voltage principle. Motor M is directly con-
nected to a shaft which carries a brake-drum B,
and a cable-drum D, over which the hoisting
cables Ca pass. The elevator car C and counter-
weights Cw are attached to the opposite ends of
cables Ca, in the usual manner.

Generator G, which is continuously driven at
substantially constant speed by any suitable
means (not shown), is provided with a separately
excited field winding Gf, a demagnetizing fleld
winding GAf and a series fleld winding GSf.

Winding GSf is directly connected in the ar-
mature circuit of motor M and generator G and
is designed to raise or lower the voltage of gen-
erator G, depending upon the magnitude and
character of the load exchanged between the
motor M and generator G, to render the speed
of motor M substantially independent of load.

Winding GAf is arranged for connection,
through a main switch 5§, across the armature
terminals of generator G, at the expiration of
the slow down operation, and is wound to pro-
duce a magnetomotive force in opposition to
the residual magnetism of that machine, and
therefore, to reduce the voltage thereof quickly to
substantially zero.

Winding Gf, which controls the direction and

speed of operation of motor M, is arranged for

connection across line conductors Ml and M2
through either of two sets of reversing switches
f and 3or 2 and 4.

The reversing switches 1 and 3 and 2 and 4
are controlled, respectively, by up-direction relay
6 and down-direction relay 1. The latter relays
are also jointly control the main switch §.

Direction relays 6 and T are arranged for con-
trol, respectively, by car-switch contact members
U and D.  These relays are also subject to the
joint control of leveling relays UL and DL. High-
speed relay 10, intermediate-speed relay 9, and

~high-leveling-speed relay 8 are controlled by ac-

60

celerating relay If. Relay {f, in turn, is sub-
ject to joint control by car-switch contact mem-
bers HS, and leveling relays UL and DL.

Speed-limiting relay 13, current-relay 12, and
anti-plugging relay (4 are employed in connec-
tion with the late-stop feature of -the present
invention.

Auxiliary relay 15 is controlled by mtermediate-
speed relay 9 and main switch §, and is arranged
to delay the operation of hlgh-speed rela.y 10, dur-
ing acceleration.

Relay 16 is included in the door safety cir-
cuit, and controls a plurality of circuits includ-
ing the high speed circuits and certain of the
leveling circuits.

. In accordance with the 111ustrated arrange-
ment, the starting and acceleration to full speed
of motor M is under the control of car-switch con-
tact members U, D and HS. Referring to Fig. 3,
these contact members are shown as carried
upon the elevator car C for control by the usual
rotatable car switch Cs. In the conventional
manner, clockwise rotation of switch Cs is ef-
fective to sequentially close contact members U
and contact members HS, while counter-clock-
wise rotation of switch Cs is effective to sequen-
tially close contact members D and contact mem-
bers HS. i

As discussed hereinbefore, the deceleration and
leveling of the elevator car is controlled by means
of switching devices carried partly upon the ele-
vator car. In Fig. 1, these devices are illustrated
schematically as switches 3L; 2L and a combina-
tion of apparatus shown at the bottom of the

figure and identified generally as {L. As indi-
cated hereinbefore, switches 3L and 2L are both
of the magnetically operated type, while the ap-
paratus identified as {11 is of the light sensitive
type.

Referring to Flg 2, and as described. in the
Williams et al. application, identified hereinbefore

switch 2L, of which switch 3L is a duplicate, com-

prises an electro-responsive or energizable coil
2La, the magnetic circuit of which includes the
end plates 2Lb and 2Lc, a back plate 2L.d and a
plurality of sets of fingers 2Le, 2Lf 2Lg and 2Lh.
The respective contact fingers 2Le, 2Lf, 2Lg and

2Lh are mounted for a limited amount of rotation-

about pins. 2Li. As illustrated, contact fingers
2Le normally occupy positions in which a set of
contact members 2UL controlled thereby is main-
tained in the closed position. Contact fingers
2Lf are similarly arranged to normally maintain
a pair of contact members 2DL in the closed posi-
tion, although the latter contact members are not
visible in Fig. 2. Contact fingers 2Lg and 2Lh
are similarly provided, although the contact
members associated with these fingers are not
utilized in the system shown in Fig. 1.

The arrangement. is such that, although coil
2La is energized, the several pairs of contact
members are subjected to no magnetic force
tending to cause rotation thereof about the re-

spective pins 2Li to thereby open the contact 3

members associated therewith. If, however, a
magnetizable plate, as 2U, is moved into the slot
between the extreme ends of fingers 2Le, the flux
density is substantially increased, and direction

of the magnetic field between these fingers and -

the plate assumes such a direction as to rotate
them about the pins 2Li and thereby open the
contact members 2UL. Similarly, if a magnetiz-
able plate 2D is moved into the slot between the
fingers 2Lf, these fingers are actuated to open
the contact members 2DL. As will be obvious,
the magnetic force on the contact fingers is a
maximum when a plate cccupies a position oppo-
site the slots of both ends of the switch, and the
actuation of the contact members normally oc-
curs when plate and switch occupy such relative
positions.

Referring to Fig. 3, switches 2L and 3L are
shown as mounted on the top of elevator car C,
which is movable past floor levels a and b. Mag-
netizable iron plates 3Ua and 3Ub are mounted
in the hatchway in positions to cooperate with
switch 3I. and actuate contact members 3UL
thereof, and thereby interrupt the high speed cir-
cuits of the elevator car as the car approaches
floors a and b, respectively, in the up direction.

~ A similar set of plates 3D¢ and 3Db is mounted
in the hatchway in positions to pass between the
fingers of switch 3L which control contact mem-
bers 3DL and thereby interrupt the high speed
circuits as the car approaches floors @ and b, re-
spectively, in the downward directions.

Similarly, a set of plates 2Ua, 2Ub, and 2Da
and 2Db are provided to cooperate with switch
2L, to actuate contact members 2UL and 2DL
thereof, respectively, to interrupt the intermedi-
ate speed circuits of the elevator car during up-
ward and downward travel thereof respectively.

In practice, the plates are normally from fen
to twelve inches in length, or slightly longer than
the vertical dimension of the switches.

As will be cbvious from Fig. 3, the positioning
of plates 3Uaq, 3Da, 2Uq and 2Da, etc. with respect
to the floor levels a and b depends upon the maxi-
mum speed of the elevator car. In a representa-
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tive system arranged for operation at approxi-
mately 600 feet per minute, the series of plates
arranged for cooperation with switch 3L are so
mounted as to actuate the associated contact
members when the elevator car is at a distance of
from ten to eleven feet from a selected floor: the
series of plates associated with switch 2L are
disposed to actuate the associated contact mem-~
bers when the elevator car is at a distance of
from five to six feet from the associated floor.

The light sensitive apparatus {L comprises, in
general, two electro-responsive or light sensitive
cells, associated, respectively, with the up and
down directions of travel, and cooperating optical
elements whereby the condition of illumination
of the cells may be controlled in accordance with
the relative positions of the several elements. In
the illustrated embodiment, the arrangement of
circuits and apparatus is such that the cells are
preferably in a current conducting condition ex-
cept when the car is substantially level with a
floor landing. Accordingly, the associated opti-
cal elements comprise a source of light normally
disposed to illuminate the cells, and cooperating
members disposed to effect the darkening of the
associated cells when the car reaches a point sub-
stantially level with the landing.

Returning to Fig. 2, the device (L is shown as
comprising a source of light X, a light sensitive
cell UX and a light sensitive cell DX, all of which
are mounted, in spaced relation, in the same
horizontal plane. The source of light X is pro-
vided with a casing Xa having small apertures
Xb on opposite sides thereof through which a
restricted beam of light is passed. Similarly,
light sensitive cells UX and DX are provided
with casings UXea and DXa which are provided
respectively with longitudinal apertures UXb and
DX®b, which permit the restricted beam of light
from the source X to fall upon the associated
light sensitive cells., The respective casings are
attached to the main casing {La in any suitable
manner.

The remaining apparatus associated with the
light sensitive cells UX and DX is mounted with-
in the main casing {La, and comprises two am-
plifying tubes UA and DA, a transformer 'T,
and a condenser C. The electrical character-
istics and relationship of the several elements
of the device !L will be described in connection
with Fig. 1, in & later paragraph.

The switching devices 1L and 2L are both con-
nected directly to the angle bracket F, and as
shown in Fig. 3, the entire assembly is mounted
directly on the top of the elevator car C.

As shown in both Figs. 2 and 3, the relative
positioning of switch devices {L and 2L is such
that the slot between contact fingers ZLe is in
vertical alignment with the space between cas-
ings UXe and Xa, and that the slot between con-
tact fingers 2Lf is in vertical alignment with the
space between the casing Xa and casing DXa.

The actuating means associated with switching

evice IL comprises a pair of opague shields of
non-magnetic material, associated with each
fioor. Referring again to Fig. 3 a series of plates
{Ue and iDe are mounted in the hatchway to
control switching device {L when the car is adja-
cent floor ¢, and a similar set, {UD and (D}, is
mounted in the hatchway to control switching
device |IL when the car is adjacent floor b. The
relative positioning of the plates is such that,
if car C is exactly level with a floor landing,
light-sensitive device {L occupies a position in
which the beams of light between the source X

2,000,703

and cells UX and DX are interrupted, respec-
tively, by shields {Ug and IDa.

When the car is moving upwardly, in the
region just below floor a, shield IDc interrupts
the light falling on light sensitive cell DX, there-
by reducing the speed from the high-leveling
value to the landing value; as the car approaches
the floor more closely, shield 1Ua interrupts the
light falling on cell UX, thereby stopping the
car. During downward travel, shield (Ua con-
trols the deceleration from high-leveling speed
to landing speed and shield 1Da controls the
stopping of the car.

In a typical system, the high-leveling speed
may be of the order of from 50 to 60 feet per
minute, in which case the high leveling speed
circuits are interrupted when the car is from six
to seven inches away from the floor; the landing
speed may be of the order of from 15 to 25 feet
per minute, depending upon the landing-accu-
racy required, in which case the stopping circuits
are interrupted when the car is from one-quarter
to one-half an inch away from the floor.

Accordingly, shield 1Ua extends from one-
quarter to one-half an inch below, and from six
to seven inches above the point occupied by the
center line of switch L when the car is level with
the floor; shield IDg¢ extends from one-quarter

to one-half an inch above and from six to seven .
The °

inches below the corresponding point.
shields associated with the other floors are simi-
larly arranged.

Returning to Fig. 1, the light-sensitive cells

UX and DX, are arranged to control leveling re- .
lays UL and DL respectively, through the inter-

mediary of amplifiers UA and DA, the respective
light-sensitive cells being connected ir the grid
circuits of the associated amplifiers. ‘The light-
sensitive cells are preferably, though not neces-
sarily, of the two-element evacuated type com-
prising -a photo-sensitive cathode ¢ and an anode
a. As is well known in the art, the resistance
of these cells is substantially inversely propor-
tional, throughout a predetermined range, to the
amount of light falling upon the photo-sensitive
cathode. The amplifiers UA and DA are pref-
erably, although not necessarily, of the three-
element vacuum type comprising filaments IR
plates p and grids g¢.

The coils of leveling relays UL and DL are
connected, respectively, in the plate circuits of
amplifiers UA and DA across a source of alier-
nating current, represented as the secondary

winding T! of a transformer T. The light-sen- .

sitive cells UX and DX are connected respectively
in the grid circuits of amplifiers UA and DA,
the grids being connected, respectively, in series
with condensers ¢3 and c4, to a point of lower
potential than the cathodes of the associated
amplifiers.

The filaments of amplifiers UA and DA, and
the source of light X are supplied with current
from secondary winding T3 of transformer T.
Condensers cl and ¢2 are connected in parallel,
respectively, with the coils of leveling relays UL
and DL, and serve to smooth out current changes,
in the usual manner,

In the illustrated embodiment, the circuit ar-
rangement is such that when the light-sensitive
cells UX and DX are darkened, the negative bias
of grids ¢ is sufficient to reduce the plate cur-
rent of the associated amplifiers to substantially
zero.. Accordingly, under these conditions, the
coils of leveling relays UL and DL are deener-
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gized and these relays occtipy the {llustrated po-
sitions. If, however, & beam of light is permitted
to 1all upon the cathode of either of the cells UX
and DX, the resistance of that cell is decreased
and the potential of the associated grid ¢ is
raised sufficiently to increase the plate current of
the associated amplifier UA or DA to the value
required to actuate the associated relay UL or
DL. Since the light beams may be controlled with
considerable accuracy, by limiting apertures UXb
or DXb, or through use of lenses, and since cells
UX and DX and amplifiers UA and DA respond
almost - instantaneously, it is obvious that light
sensitive device IL is effective to commutate the
leveling circuits with corresponding accuracy.
As previously described, it is desirable, under
certain conditions, to render relays UL and DL
independent of the condition of light-sensitive
cells UX and DX, respectively. To accomplish
this, independent means to mainfain sufficient
voltage across these relays to either actuate them
or to maintain them actuated may be provided.
In the illustrated embodiment, the independent
means comprises sequence relay 11, contact mem-
bers a of which are maintained closed through-
out the upper portion of the speed range of the
elevator system and occupy the open position
throughout the lower portion of the speed range.
Contact members ¢ of sequence relay 7 control
the point at which the grid circuits of ampli-
flers UA and DA are connected to potentiometer
resistor RS, assoclated with secondary winding
T? of transformer T'. Closure of contact members
a shunts an adjustable portion of resistor R6
and is effective to raise the potentials of grids ¢
by an amount sufficient to increase the plate
currents of the associated amplifiers to the value
required to actuate the associated leveling relays

UL and DL.

The circuits controlled by the contact members
of the leveling relays UL and DL for effecting the
starting, operating and stopping of the hoisting
motor as & means to move the car are called the
leveling circuits or leveling connections. The cir-
cuits controlled by the up leveling relay UL are
the up leveling connections. - The circuits con-
trolled by the down leveling relay DL are the down
leveling connections,

The light sensitive cells UX and DX and the
cooperating opaque plates 1Uq, IDg, IUb and
IDb comprise the leveling mechanism which,
through the relays UL and DL control the leveling
circuits or leveling connections, the cell UX and
the plates 1Ua and 1Ub comprising the elements
of the up leveling mechanism, and the cell DX
and the plates IDa and IDb comprising the
elements of the down leveling mechanism,

The several features of the present invention
may best be understood from a detailed analysis
of several operating cycles of the system.

Returning to Fig. 1, the systemn may be placed
in condition for operation by energizing the driv-
ing motor (not shown) to thereby bring generator
G up to running speed, by closing manual switch
K to connect line conductor Ml and M2 to a
source of direct current M, and by closing switch
K1 to thereby connect the primary winding ‘T4 of
transformer T to a source of alternating cur-
rent AC. i

Bringing generator G up to full speed is without
effect, since winding Gf is deenergized and the
voltage of generator GI is accordingly zero. Clo-
sure of switch K completes the circuit for the field
winding Mf of motor M, thereby preparing this

S
machine for éperation upon the application of
voltage to the armature thereof. Closure of
switch K{ applies voltage to the amplifiers UA and
DA, and to the cells UX and DX, Relays UL and
DL are not actuated, however, since contact mem-
bers a of relay- (1 are open, and, as illustrated
in Fig. 3, the beam of light from- source X are
interrupted by plates IUa and I1Da, respectively.

If all of the hatchway doors and the car gate
are closed, door relay 16 is actuated to close con-
tact members a and b.

Assuming that it is desired to move elevator

car C upwardly, car switch Cs (Fig. 3) may be
moved in a clockwise direction to close contact
members U and HS. In practice, switch Cs is
moved directly to the extreme position. For the
purposes of this description, however, the opera-
tions caused by closure of contact members U and
HS will be considered separately.
" “Upon closure of contact members U, a circuit is
completed for ‘the coil of up-direction relay 6,
which extends from line conductor M{, the coil
of relay 6, contact members U and contact mem-
bers ‘a- of door-relay 16 to line conductor M2.
Upon completion of this circuit, relay 6 is actuated
to close contact members a, b and ¢ and to open
contact members d.

Closure of contact members a of relay 6 pre-
pares a circuit for the coil of accelerating relay
1, which circuit is ‘controlled by the car switch
contact members HS. - Closure at contact mem-
bers ¢ prepares a holding circuit for the coil of
relay 6. Opening of contact members d is with-
out immediate effect.

Closure of contact members b of relay 6 com-
pletes a circuit for the coils of main switch 5 and
reversing switches | and 3. - This circuit extends
from line conductor M{ through the coil of switch
8, normally closed contact members a of anti-
plugging relay {4, the coils of reversing switches
{ and 3, and contact members b of relay 6 to
line conductor M2. - Upon completion of this cir-
cuit, switch §1s actuated to open contact members
a and to close contact members b, ¢, d; e and f,
reversing switch | is actuated to close contact
members @, b, d, e and f; and to open contact
members c; reversing switch 3 is actuated to close
contact members a.

The opening of contact members a of switch 5
interrupts the circuit of the demagnetizing wind-
ing GAf which operation is without effect during
acceleration. Closure of contact members b of
switch 5:prepares a circuit for the release coil
Br of the electromagnetic brake. Closure of con-
tact members ¢ of switch § is without effect,
during acceleration. ‘ Closure of contact members
d-and f of switch § completes, respectively, the
circuit for the windings of slow-down switches 3L
and 2L, which operations are without effect, since
these switches are not opposite any of the mag-
netizable plates associated therewith. Closure of
contact members e of switch § completes g circuit
for the coil of auxiliary accelerating relay I5,
which is thereby actuated to open contact mem-
bers a thereof.

Closure. of contact members g of switches | and
3 completes a circuit for the separately excited
field winding Gf of generator G, which circuit ex-
tends from line conductor Ml through contact
members ¢ of switch {, through field winding Gf
and resistor R4 in parallel, contact members a of
switch 3 and thence to line conductor M2 through
accelerating resistors Rl, R2 and R3. Comple-
tion of the above circuit also energizes the wind-
ing of an auxiliary relay 12, the function of which
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will be described in connection with an emergency
stopping operation.

Upon completion of the above circuit for wind-
ing Gf, sufficient magnetomotive force is im-
pressed on the field structure of generator G to
cause this machine to generate a voltage corre-
sponding to the lowest or landing speed of ele-
vator car C. Accordingly, upon release of the
electromagnetic brake B, the coil Br of which is
energized in response to closure of contact mem-
bers b of switch I, the elevator car is caused to
start upwardly and accelerate to-the landing-
speed.

The opening of contact members ¢ of switch |
is without effect during acceleration. Closure
of contact members d, e and f of switch | pre-
pares circuits for the coils of high-speed relay
10, intermediate-speed relay 8, and high-level-
ing-speed relay 8, respectively,

Assuming that it is desired to operate the car
at high speed and that car switch contact mem-
bers HS are closed, a circuit is completed. for
the coil of accelerating relay I, which circuit
extends from line conductor M{ through the coil
of relay I, contact members ¢ of up-direction
relay 6, car switch contact members HS and
through contact members a of door-relay 16 to
line conductor M2,

Upon completion of this circuit, relay [I is
actuated to close contact members a, b, d and f
and to open contact members ¢ and e. Closure
of contact members a is without effect, since the
circuit for speed limiting relay I3 is interrupted
elsewhere. The opening of contact members ¢
and e has no effect other than to interrupt the
previously traced circuits for the coils of slow-
down switches 3L and 2IL.

Closure: of contact member.f completes a cir-
cuit for the coil of high-leveling-speed relay 8,
which is thereby actuated to short circuit re-
sistor R1, increasing the current in the field wind-
ing Gf, which results in a corresponding increase
in the voltage of generator G and the acceleration
of motor M to the high leveling speed.

Closure of contact members d of relay 11 causes
completion of circuits for the coils of interme-
diate-speed relay 9 and sequence relay {1, which
circuit extends from line conductor Ml, through
normally closed contact members of relay 13,
contact members e of reversing switeh I, contact
members 2UL of slow-down switch 2L, contact
members d of accelerating relay i1, in parallel
through the coils of relays 9 and 17, and through
contact members b of door relay 16 to line con-
ductor M2. Closure of contact members & of
accelerating relay 1 prepares a circuit for the
coil of high-speed relay 10, which circuit is sub-
ject, however, to the now open contact members
of auxiliary relay 5.

Upon being energized, sequence relay 17 is actu-
ated to close contact members a, thereby short
circuiting an adjustable portion of resistor RS.
As previously described, this operation results in
reducing the negative bias of the grid ¢ of am-
plifiers UA and DA by an amount sufficient to
increase the plate currents of these amplifiers to
the values required to actuate leveling relays UL
and DL, respectively. Accordingly, these relays
are actuated to close, respectively, contact mem-
bers ¢ and b and to open contact members ¢ and d.
Closure of contact members a of relays DL and
UL completes a maintaining circuit for the coil
of high-leveling-speed relay 8, which is independ-
ent of accelerating relay fl. The operation of
the remaining contact members of relay DL, and
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the opening of contact members e and d of relay
UL is without effect, but closure of contact mem-
bers b of relay UL completes a maintaining cir-
cuit for the coil of up-direction relay 6, which
is independent of car switch contact members U.
This circuit extends from the coil of relay 6,
through contact members ¢ thereof, the now
closed contact members ¢ of down direction relay
1 contact members b of leveling relay UL and
through contact members a of door relay {6 to
line conductor M2.

Upon being energized, intfermediate-speed relay
§ is actuated to close contact members ¢ and c,
and to open contact members b. Closure of con-
tact members a excludes resistor R2 from the
circuit of field winding Gf, thereby increasing the
voltage of generator G, and causing motor M to
accelerate to intermediate speed.

Closure of contact members ¢ of intermediate

speed relay 9 completes a maintaining circuit for
the coils of relays 8 and 11, which is independent
of accelerating relay {l. This circuit extends,
as previously traced, through contact members
2UL of slow-down switch 2L, thence through
manual-and-automatic switch S|, contact mem-
bers ¢ of intermediate-speed relay 9 and thence
through the coils of relays 9 and {1, -as pre-
v1ously traced.
- The opening of contact members b of inter-
mediate-speed relay 9 interrupts the previously
completed circuit for the coil of auxiliary relay 18.
Upon interruption of this circuit, the energy
stored in the coil of relay 15 discharges through a
local cirecuit -including- resistor R71. At the ex-
piration of & time interval determined by the
ratio of resistance to inductance in this dis-
charge circuit, relay 15 resumes the illustrated
position, thereby closing contact members a, and
completing the circuit for the coil of high-speed
relay 10. The circuit for high-speed relay 0
extends from line conductor Ml through nor-
mally closed contact members of relay {3, con-
tact members d of reversing switch , contact
members IUL of slow-down switch 3L, contact
members b of accelerating relay t1, the coil of
high-speed relay 10, contact members a of re-
lay 15 and contact members b of dcor relay 16 to
line conductor M2.

Upon being energized, hlgh-speed relay 10 is
actuated to close contact members a and b and to
open contact members ¢. Opening of contact
members ¢ is without immediate effect. Closure
of contact members b completes a maintaining
circuit for the coil of high speed relay 10 which
is independent of accelerating relay {1 and ex-
tends, as - previously :traced, through contact
members 3UL of slow-down switch 3L, thence
through manual-and-automatic switch S2, con-
tact members b of high-speed relay 10 and thence
through the coil thereof to line conductor M2,
as previously traced. Closure of contact mem-
bers a excludes resistor R3 from the circuit of
field winding Gf, thereby increasing the voltage
of generator G and causing motor M to accelerate
to the maximum speed.

Referring briefly to Fig. 3, it w111 be observed
that as car C moved upwardly from the floor
landing, light sensitive device 1L was first moved
out of range of shield iDa and then out of range
of shield 1Ua. As previously described, the re-
sulting illumination of light sensitive cells DX
and UX results in a further increase in the poten-
tials of grids g of amplifiers DA and UA, thereby
increasing the plate currents thereof.
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In the present description, it was assumed that
the energization of sequence relay |1 occurred
prior to the illumination of cells UX: and DX,
which condition normally occurs, since, as previ-
ously described, it is usual practice for the oper-
ator to move the car switch Cs directly to the
extreme position. Under these conditions, the
subsequent illumination of cells UX and DX has
no effect other than to further increase the exci-
tation of the coils of leveling relays UL and DL,
respectively.

1If, however, it had been desired to limit the
speed of the car to the high leveling speed, car
switch contact members HS would not have been
closed. Under these circumstances, the ener-
gization of leveling relays DL and UL would not
have occurred, respectively, until light sensitive
device {L was moved out of range of shields {Da
and 1Ue to sequentially illuminate cells DX and
UX. Under these conditions further, closure of
contact members a of leveling relays UL and DL
would have resulted in the initial energization of
the coil of high leveling speed relay 8, to acceler-
ate the car to high-leveling-speed, since contact
members f of relay |1 would not have been closed.
The effect of the remaining contact members of
leveling relays UL and DL would have been as
previously described. Tt will be observed that
during acceleration, in response to closure of
car switch contact members U, the sequence of
energization of leveling relays UL and DL is im-
material, and also that it is immaterial whether
the energization of these relays occurs as a result
of the actuation of sequience relay 17 or as a result
of the illumination of the light sensitive cells
associated therewith.

Accordingly, it will be observed that as long as
car switch contact members U and HS are main-
tained closed, the circuits for up-direction relay
6, main switch 5§, reversing switches I and 3,
brake coil Br, accelerating relay |1, sequence re-
lay 11, high-leveling-speed relay 8, intermediate-
speed relay 9, high-speed relay 10, and leveling
relays UL and DL remain complete and motor M
is caused to move car C at high speed. As pre-
viously described, series fleld winding GSf func-
tions in the usual manner to maintain the speed
of motor M at a desired value, independent of
load. ‘

It will further be observed that, although car
C may be moved past several floors, the magnet-
izable plates and opaque shields mounted in the
hatchway are without effect on any of the slow-
down switches, since the coils of slow down
switches 3L and 2L are deenergized, and since
sequence relay 17 maintains the grid potentials
of amplifiers UA and DA at sufficiently high values
that the cooperation between the cells UX and
DX, and any of the shields which may be passed
is not operative to affect leveling relays UL and
DL.

Assuming that the elevator car is moving up-
wardly, at some point in the region below floor a,
and that it is desired to stop at floor b, car switch
Cs may be returned to the neutral position, there-
by opening contact members HS and U. The
opening of contact members U is without effect,
because of the previously traced holding circuit
for the coil of up-direction relay 6. The opening
of contact members HS interrupts the circuit for
the coil of accelerating relay 1, contact members
a, b, d and f of which are opened, and contact
members ¢ and e of which are closed. The open-
ing of the several contact members 1is without
effect because of the previously traced holding

7

circuits for any relays which were initially ener-
gized by closure thereof. Closure of contact
members e is without effect, since the circuit for
the coil of slow-down switch 2L is now inter-
rupted by contact members ¢ of high speed relay

§0. Closure of contact members ¢, however, com-
pletes a circuit for the coil of slow-down switch
3L, which extends from line conductor MI,
through contact members d of main switch 5, the
coil of slow-down switch 3L, contact members ¢
of accelerating relay 1! and through manual-
and-automatic switch S3 to line conductor M2.

" Since the only immediate effect of centering
car switch Cs is to energize the coil of slow-down
switch 3L, it will be observed that the centering
of the car switch, preparatory to making a stop at
floor b, may occur any time after the car C
passes magnetizable plate 8Uae and before it
passes magnetizable plate 3Ub. When elevator
car C, moving upwardly, reaches magnetizable
plate” 3Ub the magnetic circuit of slow-down
switch 3L is modified in the manner previously
described and contact members 3UL are actuated
to the open position.

The opening of contact members 3UL inter-
rupts the circuit for high-speed relay 10, thereby
causing contact members a and b thereof to open
and contact members ¢ thereof to close. The
opening of contact members b is without effect.
The opening of contact members a reincludes re-
sistor R3 in the circuit of field winding of Gf
thereby causing the voltage of generator G to
fall at a rate determined by the value of resistor
R4, and causing the speed of motor M to reduce
at a corresponding rate.

Closure of contact members ¢ of high speed
relay 10 completes a circuit for the coil of slow-
down switch 2L thereby preparing this switch for
operation. This circuit extends from line con-
ductor Mi through contact members f of main
switch 5, the coil of slow-down switch 2L, contact
members e of accelerating relay {1, contact mem-
bers ¢ of relay 10 and through manual-and-auto-
matic switch S3 to line conductor M2,

When elevator car C brings slow-down switch

"21, adjacemt magnetizable plate 2Ub, contact

members 2UL are actuated to the open position,
in the manner described. The opening of con-

‘tact members 2UL interrupts the circuit for in-

termediate-speed relay 9 and sequence relay 17.
Deenergization of relay 9 causes contact mem-
bers a and c¢ thereof to open and contact mem-
bers b thereof to close. The opening of contact
members ¢ is without effect. Closure of contact
members b recompletes the circuit for auxiliary
relay 15, actuation of which is without effect,
however, since the circuit for high-speed relay
{0 has been previously interrupted. Opening of
contact members ¢ of intermediate-speed relay 9
reinserts resistor R2 in the circuit of field wind-
ing Gf, thereby initiating the reduction of the
voltage of generator G and the speed of motor
M to the high-leveling value.

Upon interruption of the circuit for the coil
of sequence relay 11, the energy stored therein
starts to discharge through a local circuit includ-
ing a resistor R8. At the expiration of an inter-
val, determined by the ratio of resistance to in-
ductance in this circuit, relay 11 returns to the
illustrated position, opening contact members a.
The openhing contact members a of sequence re-
lay 1T has no immediate effect, however, other
than to render leveling relays UL and DL sub-
ject to shields 1Ub and 1Db, respectively.

Referring to Fig. 3, it will be observed that the
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time delay in the opening operafion of sequence
relay {7 need only be sufficient to maintain this
relay closed from the time slow-down switch 2L
is brought adjacent magnetizable plate 2Ub until
light sensitive device (L. is moved out of range
of this magnetizable plate. It will also be op-
served that the time delay is only necessary, with
the illustrated arrangement, during upward
travel of the car, since, during downward travel
of the car, light sensitive device 11: is moved out
of range of magnetizable plate 2Ub (or 2Uq, de-
pvending upon the floor selected) bsfore slow-
down switch 2L is brought into range thereof.
In either case, however, the only requirement is
that relay {7 shall have resumed the illustrated
Dosition before the shields are reached. In prac-
tice, to accommodate conditions which may arise
during a late-stop, described hereinafter, the
time delay is made sufficiently long to persist
during irom three to four feet of car travel,
When car C brings light sensitive device [T,
into range of shield DB, the light passing be-
tween scurce X and cell DX is interrupted, and
the grid potential of amplifier DA is reduced,
thereby reducing the plate current of amplifier
DA. As previously described, the reduction in
plate current is sufficient to cause leveling relay
DL to return io the illustrated position, opening
contact members ¢ and b and closing contact

“members ¢ and d.

Closure of contact members ¢ is without ef-
fect, since contact members ¢ of up direction
relay §, connected in parallel therewith, are
closed. Closure of contact members d is without
effect since contact members ¢ of door relay 16,
now closed, are connected in parallel therewith.
Opening of coniact members b is without effect,
since down-direction relay T is not energized
during uvward travel. OCpening of contact mem-
bers @ of leveling relay DL, however, interrupts
the circuit for high-leveling-speed relay 8. The
resultant cpening of the contact members of
high-leveling-speed relay 8 reincludes resistor
R{in the circuit of field winding Gf, thereby in-
itiating the reduction of voltage of the generator
G and the speed of the motor M to the lowest or
landing value.

When car C brings light sensitive device L
nto range of shild {Ub, the light passing between
source X and cell UX is interrupted, and in re-
I to the resultant reduction in grid poten-
amplifier UA, leveling relay UL is deener-
and resumes the illustrated nrosition, open-
contact members ¢ and b and closing contact
ihers ¢ and d.  Opening of contact members
¢ is without effect since the cireuit for high-
leveling-speed relay 8 has been previcusly inter-
rupted. Closurs of contact members ¢ is without
effect, since these contact members are connected
in parailel with the now closed contact members
d and ¢ of relays DL and 18 respectively. Clo-
sure of contact members d is without effect, since
circuit for down-direction relay 7 is inter-
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eveling relay UL, however, interrupts the
traced holding civcuit for up-direction
Upon interruption cf this cirveuit, con-
taci member ¢, b and ¢ thercof are opened and
contact members d thereof are closed. The oper-
ation of confact members «, ¢ and d is without
effect, but the cpening of contact members b in-
torrupts the circuit for main switch 5 and revers-
Ing switches { and 3, all of which return %o the
illustrated position.

The opening of contact members ¢ of reversing
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switches I and 3 interrupts the cireuit for fleld
winding Gf thereby initiating the reduction of
the voltage of generator G to a value determined
by the residual magnetism thereof. The cpening
of contact members ¢ and e of reversing switch |
is without effect since the circuits controiled
thereby have been previously interrupted. 'The
ocpening of contact members & of reversing switch
i and line switch 5 interrupis the cirveuit for re-
lease coil Br, thereby causing the appiication of
brake B. Closure of contact members ¢ of main
switch § completes the circuit for the demagnet-
izing field winding GAF which, as previously de-
scribed, is wound to produce a magnstomotive
force in opposition to the residual maghetism of
generator G, and to thereby reduce the veltage of
that machine quickly to substantially zero. The
opening of contact members d, 7 =nd e deener-
gizes the coils of slow-down switches 2L and 2L,
and of relay 15, respectively. The opening of
contact members ¢ is without effect.

As previously described, due ic the action of
series field winding GSf, the speed of the motor
M is maintained substantially constant independ-
ent of load. Accordingly in the majority of
cases, deenergization of relay UL to interrupt the
reversing circuit, apply the brake, and apply
the demagnetizing field, results in the stoppage
of the elevator car at a position accurately level
with the floor landing. ‘

Assuming, however, that for some reason, eleva-
tor car C failed to stop accurately level with foor
landing b, or that, after having stopped level
therewith drifted to a point sufficiently above the

floor to move light senmsitive device IL out of 3

range of plate IDb, light sensitive cell DX is again
illuminated to effect the following leveling
operations.

As previously deseribed, illumination of light
sensitive cell DX results in a sufficient increase in
the plate current of amplifier DA to cause actua-
tion of leveling relay DL. Upon actuation of ve-
lay DL, contact members ¢ and b thereof are
closed and contact members ¢ and ¢ thereof are
open. Closure of contact members g prepares a
circuit for high-leveling-speed relay 2. Opening
of contact members ¢ of relay DL prevents energi-
zation of up-direction relay 6. Opening of con-
tact members d of relay DL is without effect, since
the now closed contact members ¢ of relay UL are
connected in parallel therewith.

Assuming the doors are closed, relay {6 is still
energized and the contact members a thereof
complete a second circuit in parallel to contact

members ¢ of relay UL. Closure of contact mem-

bers b of relay DL completes a circuit for the coil
of down-direction relay 1, which extends from
line conductor M{ through the coil of down-di-
rection relay 1, the now closed contact members
d of up-leveling relay UL, contact members b of
down-leveling relay DL, the now closed contact
members d of up-direction relay §, and thence to
line conductor M2 through either the normally
closed contact members ¢ of relay UL or contact
members a of relay (6.

Upon completion of this circuit, down-direction
relay 1 is actuated to open contact members ¢
and to close contact members ¢, band ¢. Closure
of contact members d of relay T completes a self-
holding circuit therefor, which is independent
of contact members d of up-leveling relay UL.
Opening of contact members ¢ of relay 71 is with-
out effect since the circuit for up-direction relay 6
is interrupted elsewhere. Closure of contact
members g of relay 71 is without effect since the
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circuit for accelerating relay (1 is interrupted at
car switch contact members HS. Closure of con-
tact members b of relay 1 completes a circuit for
the coil of main switch § and down reversing
switches 2 and 4, which extends from the line con-
ductor M1 through the coil of main switch 5, con-
tact members a of voltage-relay 14, the coils of
switches 2 and 4, and contact members b of relay
T to line conductor M2. Upon completion of this
circuit, main switch § functions as in the previous-
ly described accelerating operation; and reversing
switches 2 and 4 close to perform the functions
attributed to switches { and 3 in the previous op-
eration, with the exception that field winding Gf
is connected between line conductor M! and M2
in the reverse direction. Accordingly, upon clo-
sure of down-leveling relay DL, the voltage of
generator G rises to the minimum value, the brake
is released and elevator car C is returned slowly
to the floor landing.

It will be obvious from the above descrlption
that had the elevator car drifted below the floor
landing, in response, for example, to the placing
of a sufficient load thereon to stretch the hoisting
cables, leveling relay UL would have been ener-
gized to initiate a leveling movement in the up-
ward direction.

In the above paragraphs, it is assumed that the
upward drift of the elevator car is arrested, and
the downward leveling movement initiated, while
light sensitive device 1L is darkened by shield (Ub.
Under these circumstances, up-leveling relay UL
is not energized and contact members ¢ thereof

. remain closed. Similarly, in the event of up-
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ward leveling movement initiated from'a point at
which shield IDb prevents illumination of light
sensitive cell DX, down leveling relay DL remains
deenergized throughout the leveling movement.
Noting that contact members ¢ of relay UL, con-
tact members d of relay DL and contact members

~a of door relay 6 are all connected in parallel,

it becomes obvious that leveling movement of car
C between the upper limits of shield 1Ub or the
lower limit of shield (Db (or shields 1Ug and 1Da,
depending upon the floor at which the car is lo-
cated) can be effected while a door, or the eleva-
tor car gate is open,

In the above paragraphs, the decelerating op-
eration was described as being entirely automa-~
tic in operation. As further described, in a sys-
tem of this character, the stoppage of the car
level with the floor usually occurs in the first in-
stance, and the need of a leveling movement oc-
curs as the result of the car drifting away from
the floor in response, for example, to the stretch-
ing or contracting of the hoisting cables when
heavy loads are placed on, or removed from, the
car. Since the drift normally occurs at a rela-
tively low rate, the return movement is almost
always initiated before light sensitive device IL
is moved out of range of shield IUD, in the case
of an upward drift, or out of range of shield {Db in
the case of a downward drift.

. In systems, however, in which the intermediate
and high-speed, steps are controlled entirely by
the car switch, a more extensive leveling move-
ment is frequently required, and a higher leveling
speed desirable during the initial portion thereof.

The system illustrated in Fig. 1 may be trans-

formed from one in which the entire decelerating

operation is automatic to one in which the inter-
mediate- and high-speeds, steps are manually
controlled, by opening the manual-and-automatic
switches S1, 82 and S3. As will be obvious, open-

" ing ‘manual-and-automatic switch S{ prevents

2]
completion of a maintaining circuit for relays 9
and 17 and places these relays exclusively under

the control of accelerating relay ({. Similarly,
opening manual-and-automatic switch S2 pre-

vents completion of a self-holding circuit for

high-speed relay 10, thereby placing this relay
under the exclusive control of accelerating relay
If. Opening manual-and-automatic switch S3
prevents completion of the circuits for the coils
of slow-down switches 3L and 21, thereby render-
ing these devices ineffective.

With the exception, however, that the above
maintaining circuits are  not completed, if
switches Si, 52 and S3 are opened, the acceler-
ating operation is as previously described. As-
suming, accordingly, that the elevator car is
traveling at high speed, and, as before, that it
is desired to stop at floor landing b, car switch
Cs is maintained in the extreme position until
the elevator car reaches a point approximately
the normal slow-down distance in advance of
floor b. As previously described, the opening
of car switch contact members U is without ef-
fect, and the opening of car switch contact mem-
bers HS results in the deenergization of accel-
erating relay (1. In this case, however, the de-
energization of accelerating relay (I results in
the immediate interruption of the circuit for the
coil of relay 10 (contact members b of relay 1)
and the immediate interruption of the 'circuit
for the coils of intermediate speed relay 8 and
sequence relay (T (contact members d of relay
f1).  As previously described, high-leveling-
speed relay 8 is maintdined energized through
the now closed contact members ¢ of relays DL
and UL.

As previously described, the opening of con-
tact members o of relays 10 and 9 reduces the ex-
citation of winding Gf, and initiates a reduction
of the voltage of generator G and the speed of
motor M to the high-leveling value.

In practice, elevator operators are able to iden-
tify approximately the point in advance of the
floor at which the car switch should be centered.
It will be observed, however, that in systems op-
erating at, for example, 600 feet per minute,
a delay in the centering of the car switch for even
a fraction of a second results in a variation of a
foot or more, in either direction, of the point
at which deceleration is initiated.

If deceleration is prematurely initiated, the
elevator car normally attains the high-leveling-
speed at some distance in advance of the floor
and is then stopped therewith accurately in the
first instance, as in the case of an entirely auto-
matic deceleration. In case the deceleration is
initiated too late, the car may be expected to ap-
proach the floor at too great a rate to be stopped
accurately level therewith in the first instance and
either a low speed, or perhaps & high speed, level-
ing movement. becomes necessary.

In either case, it is necessary that the car
travel a greater distance between the time the
circuit for the coil of sequence relay I7 is inter-
rupted and the time contact members a thereof
are open, than is necessary when the car is be-
ing operated with fully automatic deceleration.
The additional distance of car travel is required,
since, while in an automatic deceleration, the
circuit for the coil of sequence relay 17 is inter-
rupted when the car reaches the intermediate
speed magnetizable plates, in a manual decelera-
tion the corresponding circuit is interrupted at
the time deceleration is initiated.

In the usual case, assuming an automatic de-
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celeration requires from 10 to 11 feet of car
travel, it may be expected that a manually ini-
tiated deceleration will require from 8 to 9 feet
of car travel. It is desirable therefore to pro-
vide that contact members of relay 17T will remain
closed while the car is traveling a distance of
from 5 to 6 feet, in order to insure that light
sensitive device 1L will have passed the interme-
diate speed magnetizable plates before relays
UL and DL are rendered subject to the cells UX
and DX,

In practice, it is usually found that an adjust-
ment of the discharge circuit of relay 17 which
is appropriate during fully automatic operation
is also appropriate during manual operation,
since, although the latter case requires a greater
distance of car travel, it will be observed that
the elevator car operates at a higher average
speed throughout the time interval, As will be
obvious, the timing of relay 17 may be adjusted,
if necessary, by varying the value of resistor R8
or in any other suitable manner as by the use
of dash pots or the like.

Assuming that the deceleration was initiated
sufficiently late to require a high speed leveling
movement and that the car has been decelerated
to the high leveling speed by the opening of relays
8 and 10, as described, the following operations
occur.

When car C brings light sensitive device IL
into the range of shield 1Db, leveling relay DL
is deenergized in the manner previously described,
thereby deenergizing high-leveling-speed relay
8, the opening of which tends to reduce the speed
of motor M to the lowest or landing value. Asalso
previously described, when car C brings light sen-
sitive device into range of shield (Ub, leveling
relay UL is deenergized, thereby deenergizing up-
direction relay 6, main switch 5 and reversing
switches | and 3, the opening of which tends to
bring the car to rest. As the car continues past
the floor, and light sensitive device {L passes out
of range of shield IDb, down-leveling relay DL
is energized in the manner previously described,
to complete a circuit for the coil of down-direc-
tion relay 1. Energization of relay 71, in turn,
causes actuation of main switch 5 and down-1e-
versing switches 2 and 4, operations of which
condition the system for downward movement at
the lowest or landing speed.

As the elevator car continues past the floor and
light sensitive device (L is moved out of range
of shield 1Ub, up-leveling relay UL is energized
to close contact members ¢ and b and to open
contact members ¢ and d. Closure of contact
members a of up-leveling relay UL completes
a circuit for high-levelling-speed relay 8, clo-
sure of which increases the excitation of field
winding Gf to a value corresponding to the high-
leveling-speed of motor M. Closure of contact
members b of relay UL is without effect since the
circuit for up-direction relay 6 is interrupted
elsewhere. Provided door relay {6 is still closed,
the opening of centact members ¢ of relay UL is
without effect.

In the previously described low speed leveling
operation, it was noted that the opening of the
doors was without effect. While car C is in the
high-leveling-speed zone, however, it will be ob-
served that the doors must be maintained in the
closed position, it being undesirable to permit
more than a very limited amount of movement
on either side of the floor with the doors open.
The opening of contact members d of relay UL is
without effect, since contact members ¢ of down

2,000,703

direction relay 1, connected in parallel therewith,
are now closed.

As a result of the completion of the above de-
scribed circuits, generator G generates voltage of
proper polarity and of sufficient value to cause
motor M to move car C downwardly at high-level-
ing-speed. As shown, accordingly, as soon as the
upward movement is arrested, the downward
movement is initiated. As car C approaches the
floor landing, light sensitive cells UX and DX are
sequentially darkened to first reduce the speed
of the car to the lowest or landing value, and to
then bring the car to rest in the manner previous-
ly described.

It is believed to be obvious from the above ex-
ample that it is immaterial how far the car drifts
past the floor landing before the return move-
ment is initiated, and that the only manner in
which the length of the shield 1Ub effects the
leveling movement is to determine the point at
which the elevator speed changes from high-lev-
eling-speed to the lowest or landing-speed, and
to limit the region above the floor throughout
which the car may be moved with the doors
open.

It is also believed to be obvious that, had the
car been moving downwardly, and an upward lev-
eling movement become necessary, during such
return movement the deenergization of relay DL
would have caused the reduction from high-level-
ing-speed to low-leveling speed and up-leveling
relay UL would have caused the stopping of the
car. It will be observed, accordingly, that relays
UL and DL may perform either a decelerating
function or a stopping function. In the case of
downward leveling movement, relay UL controls
the deceleration from high-leveling-speed to low-
leveling speed, while in the case of an upward
leveling movement, this relay controls the stop-
ping; in the case of an upward leveling move-
ment, relay DL controls the deceleration from
high-leveling-speed to low-leveling speed while
in the case of a downward leveling movement,
this relay controls the stopping of the car.

In the above-described examples of manually
initiated decelerating operations, it was assumed
that the time interval of sequence relay 11 ex-
pired before either of the shields associated with
the selected floor landing were reached. It is
believed to be obvious, however, that if decelera-
tion is initiated at a point such that relay 17
times out before shield IUb is reached but after
shield Db is reached, the deceleration from high-
leveling-speed to low-leveling-speed will be de-
layed until the opening of contact members a
of sequence relay 171. Similarly, if deceleration
is initiated at such a point that sequence relay
{1 times out before shield 1Db is passed but after
shield IUb is reached, the interruption of both
the high-leveling-speed circuit and the reversing
circuits will occur at the time contact members a
of relay 17 open.

In the relatively unusual case in which decel-
eration is initiated so late that sequence relay (7
does not time out until after shield Db is passed,
during upward travel, or until after shield 1Ub
is passed during downward travel, the late-stop
feature of the present invention, next to be de-
scribed, may be relied upon.

In the stopping operations thus far described,
it has been assumed, in the case of the automatic
slow-down, that the car switch was centered suf-
ficiently early to permit proper operation of slow-
down switch 3L, in the case of manual slow-down,
that the car switch was centered at a point near
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the normal point of slow down. It sometimes
happens, however, that the operator does not be-
come aware that a stop should be made until
the car has approached the selected floor too
closely for the slow-down mechanism to function
in the normal and above described manner.

The present invention further comprises an ar-
rangement of apparatus whereby, under the lat-
ter conditions, the elevator car may be brought
to rest more promptly than in the usual cases of
either manual or automatic deceleration.

As previously described, in a representative sys-
tem of the illustrated type, arranged for opera-
tion at 600 feet per minute, the slow-down dis-
tance, during automatic operation is of the order
of from ten to eleven feet; the slow-down dis-
tance, during manual operation, is of the order
of from eight to nine feet. ' In a representative
system embodying what may be termed the
“late-stop” feature of the present invention, how-
ever, the car may be expected to travel only a
distance of from six to seven feet in the course
of the stopping operation. For descriptive pur-
poses; late-stop operations may be classified into
those in which first, the stopping operation is
initiated sufficiently early to permit the car to
come to rest before either of the shields associ-
ated with the selected floor are reached; and sec-
ond, those in which the stopping operation is
initiated so late that the car continues in mo-
tion after the shields are reached.

As previously described, assuming the associ-
ated circuit for relay {7 is interrupted when the
car is traveling at high speed, an adjustment of
the timing of contact members: g thereof where-
by these contact members are maintained closed
while the car is traveling a distance of from five
to six feet is appropriate. With such an adjust-
ment, it will be observed that the time interval
of relay 171 will have expired before the car comes
to rest in a late-stop operation of the first of the
above two classes.

In the case of a late stop operation of the sec-
ond of the above two classes, the switching se-
quence depends upon the position of the car
with respect to the shields at the time the con-
tact members a of relay 17 open. Accordingly,
for purposes of description, late-stops of the

. second class may be reclassified into those in
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which relay 7 times out while light sensitive
device is opposite shield Db (or iDa), during up-
ward travel, or shield 1Ub (or {Ua) during down-
ward travel; and those in which during upward
travel, shield Db (or IDa), during downward
travel, shield 1Ub (or 1Ug) is passed before relay
17 times out. .

Accordingly, assuming that car C is moving
upwardly at full speed and that, while the car
is more than six or seven feet in' advance of
floor b, the operator becomes aware that a stop
should be made at floor b, a late stop of the first
class is in order, and involves the following se-
quence.

In accordance with the present system, the
late-stops are initiated by centering the car
switch and momentarily closing the opposite di-
rection contact members. As previously de-
scribed, the opening of car switch contact mem-
bers U is without effect, and, assuming switches
Si, S2 and S3 are again closed, the opening of
car switch contact members HS has no effect
other than to deenergize accelerating relay {1,
which in turn, energizes the coil of slow-down
switch 3L. )

Closure of car switch contact members D com-

11

pletes a circuit for the coil of down-direction re-
lay 1. Upon completion of this circuit, relay 7
is actuated to close contact members a, b and d
and to open contact members ¢. Closure of con-
tact members a and d is without immediate ef-
fect. The opening of contact members ¢, how-
ever, interrupts the circuit for the coil of up-
direction relay 6, contact members @, b and c of

which open and contact members d of which

close.

Closure of contact members b of down-direc-
tion relay 7 completes a circuit for the coils of
main switch 5 and down reversing switches 2
and 4. Main switch 5, which has been previous-
ly energized is maintained in the energized po-
sition through this circuit, but reversing switches
2 and 4 are not energized, since contact members
a of anti-plugging relay 14 are now open, and
the drop across resistor R9, while permitting pas-
sage of sufficient current to maintain any of the
switches in circuit therewith in the closed posi-
tion, permits the passage of insufficient current
to initially actuate any of such switches.

The coil of anti-plugging relay (4 is connected
directly across the terminals of generator G, and
is designed to be maintained in the circuit open-
ing position until the voltage of generator G has
fallen to a value sufficiently low to. permit re-
versal of the voltage of generator G without un-
due disturbance to the system. Preferably, al-
though not necessarily, relay {4 is so designed
that the contact members thereof are main-
tained open until the car comes to rest. The
point, during acceleration, at which anti-plug-
ging relay 14 is actuated is immaterial, in the
present system. ’

The opening of contact members a and ¢, and
closure of contact members d of up direction re-
lay 6, is without effect. The opening of contact
members b, however, interrupts the circuit for
the coils of reversing switches | and 3, the cir-
cuit for the coil of main switch 5 being main-
tained in the manner described above. The
opening of contact members b, d, e and f of re-
versing switch | interrupts the circuits for the
coils of the electromagnetic brake, of high-speed
relay 10, of intermediate-speed relay 9 and se-
quence relay 1, and of high-leveling-speed relay
8, respectively. The opening of contact mem-
bers a of switches | and 3 interrupts the circuit
for fleld winding Gf and for the coil of auxiliary
relay-12.

Upon interruption of the above circuits, the
current in winding Gf and through the coil of
relay 12 decays at a rate determined by the ratio
of the inductance of these windings to the re-
sistance of resistor R4, and the voltage of gen-
erator G and speed of motor M are reduced at a
corresponding rate, the deceleration of motor M
being further assisted by the action of brake B.

Since the contact members of relay 12 do not
open immediately upon interruption of the re-
versing circuit, closure of contact members ¢ of
reversing switch | completes a circuit for the coil
of speed-limiting relay (3, which extends from
line conductor MI through the coil thereof,
through contact members of current relay (2,
in series through normally closed contact mem-
bers ¢ of reversing switches 2 and (, and through
contact members ¢ of main switch 5, to line con-
ductors M2. Upon completion of this circuit,
speed-limiting relay 13 is actuated to close con-
tact members a¢ and to open contact members b.
Closurc cf contact members a completes a self-
holding circuit for relay 13, which remains com-~
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plete until main switch 5 is deenergized, at the
expiration of the stopping operation. The open-
ing of contact members b prevents completion
of the circuits for relays {0, 9 and (1. In view
of the interlock provided by contact members b
of relay {3, it will be observed that, even though
the late-stop is initiated by moving car switch
Cs to the extreme position in the opposite direc-
tion, thereby reclosing contact members HS, the
only effect of such reclosure is to energize ac-
celerating relay (i, closure of which is without
effect.

Upon heing energized, down-direction relay 7
completes a self-holding circuif, which extends
from the coil thereof, through contact members
d thereof, contact members b of leveling relay
DL, the now closed contact members d of up-
direction relay § and through contact members q
of door relay {6 to line conductors M2. It is
seen, therefore, that the reverse direction con-
tact members need be closed only momentarily
to initiate the late-stop.

It will be observed that the late-stop is effected
by removing the external source of excitation for
field winding Gf and hy causing the application
of brake B, thereby initiating a relatively high
rate of deceleration of the elevator car, but that,
although this operation is initiated by closing
the opposite direction relay (down-direction re-
lay ), anti-plugging relay {4 prevents comple-
tion of the down-direction gensrator field circuit,
and speed-limiting relay 13 prevents recomple-
tion of the several accelerating circuits.

In the present example, it was assumed that
the late-stop was initiated sufficiently early to
permit the elevator car to come to rest at a point
in advance of the shields associated with floor
landing b. Accordingly, in order to cause the
car to continue to a position level with floor
landing b, car switch Cs may again be actuated
either to momentarily close only contact mem-
bers U or to also momentarily close contact
members HS.

Closure of contact members HS is effective
only to energize accelerating relay {1, closure of
which is without effect, since contact members a
of speed limiting relay {3 are now open. Clo-
sure of contact members U completes a circuit
for the coil of up-direction relay 6.

Upon completion of this circuit, up-direction
relay 6 is again actuated to close contact mem-
bers a, b and ¢ and to open contact members d.
Closure of contact members ¢ of relay 6 is with-
out effect. The opening of contact members d
of relay 6 interrupts the previously traced self-
helding circuit for the coil of down-direction
relay 1, thereby causing contact members a, b
and d thereof to reopen and contact members ¢
thereof to reclose. Closure cf contact members ¢
of relay 6 completes a self-holding circuit there-
for, in the manner previously described. Closure
of contact members b of relay §, which precedes
the opening of contact members b of relay T,
maintains main switch § in the actuated posi-
tion, and prepares a circuit for the coils of re-
versing switches | and 3 which is, however, sub-
ject to anti-plugging relay 4.

Since the only effect of the momentary reclo-
sure of contact members U is to destroy the pre-
viously prepared circuit for down-direction re-
versing switches 2 and 4, and to prepare a cir-
cuit for up-reversing switches { and 3, it will be
observed that this operation may occur at any
time after the late-stop is initiated, and before
elevator car C comes to rest.

2,000,703

At substantially the same time that elevator
car C comes to rest, contact members a of anti-
plugging relay {4 are released to the illustrated
position, thereby causing reversing switches |
and 3 to close.
switches | and 3 now being closed, elevator car
C accelerates to the high-leveling-speed in the
manner described in the first accelerating op-
eration. When light sensitive cell DX is dark-
ened by shield IDb, leveling relay DL is deen-
ergized to interrupt the circuit for high-leveling-
speed relay 8, and when light sensitive cell UX
is darkened by shield 1Ub, leveling relay UL is
deenergized to cause interruption of the circuit

for field winding G, apply brake B and apply the !

demagnetizing field winding GAf and thereby
bring the car to rest. :

In a case in which the late-stop is initiated so
late that elevator car C cannot be brought to
rest until after the shields associated with the
selected floor landing are reached, the late-stop
is initiated in the manner described above, with
the exception that the momentary reclosure of
the up direction car switch contact members
U is unnecessary. Assuming, accordingly, that
the down direction contact members D of car
switch Cs have been momentarily closed to de-
energize up-direction relay 6 reversing switches
| and 3, speed relays 10, 9 and 8 and sequence
relay 17, and to prepare circuits for down-direc-
tion reversing switches 2 and 4, the late-stop
may be completed in any one of the following
manners. )

If sequence relay {7 times out, at any time be-
fore light sensitive device 1L is brought adjacent
shield Db, the opening of contact members a
of relay 17 will have no effect other than to ren-
der leveling relay DL subject to the shield. In
this case, when shield IDb darkens cell DX,
leveling relay DL is deenergized, thereby deen-
ergizing down-direction relay 17, the opening of
which deenergizes main switch 5 and destroys
the previously prepared circuit for down revers-
ing switches 2 and 4, thereby tending to bring
the car immediately to rest.

If the opening of contact mambers a of se-
quence relay {1 occurs after light sensitive cell
DX has been darkened, the opening of these con-
tact members results in the immediate deener-
gization of leveling relay DL, to thereby deener-
gize down direction relay 7.

If the deenergization of relay 1 occurs at any
time before light sensitive cell UX is darkened
by shield (Ub, leveling relay UL will be in th=
actuated position. Accordingly, upon deenergi-
zation of down-direction relay 7, up-direction re-
lay 6 will again be actuated to recomplete the
circuits for main switch 5 and reversing switches
I and 3 to thereby cause the elevator car to con-
tinue to the floor landing at low-leveling-~-speed.
As previously described, when cell UX is darkened
by shield 1UD, leveling relay UL is deenergized
and the elevator car brought to rest level with
the floor.

If contact members a of sequence relay 7 re-
main closed until after light sensitive device IL
is moved completely past shield iDb, down direc-
tion relay T will remain energized, and as soon as
the car is brought to rest and anti-plugging relay

14 resumes the illustrated position, down revars- 7

ing switches 2 and 4 will be actuated to cause the
elevator car to start downwardly. If the return
movement is initiated while light sensitive device

IL is within range of shield 1Ub, such return

movement will be effected at low speed, since the

Main switch 5 and reversing -
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eircuit for high-leveling-speed relay 8 will be open
at contact members @ of leveling relay UL. If,
however, the return movement is not initiated
until after light sensitive cell UX has again be-
come {lluminated, leveling relay UL will also be
energized, thereby energizing high-leveling-speed
relay 8, and the car will travel at high-leveling-
speed until light sensitive cell UX is again dark-
ened. In either case, the return movement will
be interrupted and the car brought to rest level
with floor landing b when light sensitive cell DX
is again darkened by shield IDb.

In the extreme case, in which the late-stop
is initiated so late that the car not only con-
tinues past the selected floor landing, but also
past the magnetizable plates associated with slow
down switch 2L, it is only necessary that the
down-direction car switch contact members be
maintained in the closed position until the car has
restarted, and has repassed these magnetizable
plates. At any time after the magnetizable plates
are passed, car switch Cs may be returned to the
neutral position and the car will continue toward
the floor at high-leveling-speed, the decelera-

" tion to low landing speed and the stopping oper-

ation taking place as previously described.
! In the previously described examples of late-

" stops, it is assumed that manual-and-automatic
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switches Si, S2 and S3 occupy the closed posi-
tions. - It will be observed however, that if these
switches are opened and the car operated with
manual control of the higher speed steps, late-
stops are effected in exactly the same manner, and
involve essentially the same switching operations,

' the only difference being that the deenergization

of high-speed relay 10, of intermediate-speed re-

lay 8 and ssquence relay 1, and of high-leveling~

speed relay 8 occurs as the result of the opening
of accelerating relay 11 rather than the opening
of reversing switch {, or reversing switch 2, de-
pending upon the direction of travel.

In the above described examples, it is as-
sumed that deceleration is initiated from high
speed. In a system operating at 600 feet per min-
ute, an elevator car cannot be accelerated and de-
celerated, to and from, full speed in the distance
betwesn two adjacent floors of the usual build-
ing structure. In the present system, however, it
will be observed that the closure, during accel-
eration, of high-speed relay 18 is dzlayed by aux-
iliary accelerating relay 15. = Accordingly, if'it is
desired to cause the car to travel only the dis-
tance betwzen two adjacent floors, the speed of
the elevator car may be limited to the intermedi-
ate value by reopening car switch contact mem-
bers HS before auxiliary relay 15 has timed out
to permit closure of high-speed relay 10.

With the exception of the detailed description
of both high and low-speed leveling movements
in both directions, the present description has
been limited to switching operations involved in
upward travel of the car. It is believed obvious,
however, that the acceleration of the elevator car
to high speed in the downward direction, and the
deceleration of the car from high speed, when
moving downwardly, are identical with the cor-
responding up-direction operations with the ex-
ception that car switch contact members U, up-
direction relay 6, reversing switches { and 3, and
contact members 2UL and 3UL of slow-down
switches 2L and 3L are replaczd, respectively, by
car switch contact members D, down-direction
relay 1, reversing switches 2 and 4, and contact
members 2DL and 3DL of slow-down switches 2L
and 3L. :

13

While I have described and illustrated a pre-
ferred embodiment of the present invention, it
is to be understood that various modifications and
changes may be made without departing from
the scope thereof. Accordingly, I desire that only
such limitations shall be placed thereon as are
imposed by the prior art and defined in the ap-
pended claims.

I claim as my invention:

1. In an elevator system, an elevator car op-
erable in a hatchway, a plurality of sets of con-
tact members associated with said system, an op-
erator for each of said sets of contact members,
each of said operators comprising a first ele-
ment . and a second element, certain of said first
elements having characteristics such that they
cooperate only with corresponding second ele-
ments, means for mounting said first elements on
said car in substantially the same vertical line
and means for mounting said second elements at
predetermined points in said hatchway in sub-
stantially a vertical line for cooperation with said
first elements, whereby said contact members
may be selectively controlled in accordance with
the position of said car by operators occupying &
small cross-sectional area of said hatchway.

2. In an elevator system, an elevator car op-
erable in a hatchway, two members relatively
movable in accordance with the position of said
car in said hatchway, a plurality of circuit con-
trolling devices associated with said system,
means for mounting said devices on one of said
members at predetermined points in substantially
the same vertical line, a plurality of elements for
operating said devices when said devices are in
predetermined condition of energization, certain
of said elements having characteristics such that
they are operably cooperative with only certain of
said devices, means for establishing said prede-
termined conditions of energization of said de-
vices and means for mounting said elements on
the other of said members at predetermined
points in substantially said same vertical line for
cooperation with said devices, whereby said de-
vices may be selectively operated in accordance
with the position of said car with small lateral
space requirements.

3. In an elevator system, an elevator car op-
erable in a hatchway, a plurality of circuit con-
trolling devices associated with said system,
means for mounting said devices on said car in
substantially the same vertical line, a plurality of
elements for operating said devices where said
devices are in predetermined conditions of ener-
gization, certain of said elements having charac-
teristics such that they are operably cooperative
with only certain of said devices, means for estab-
lishing said predetermined conditions of energiza-
tion of said devices, and means for mounting said
elements in said hatchway at predetermined
points in substantially said same vertical line for
cooperation with said devices, whereby said de-
vices may be selectively operated in accordance
with the position of said car with small lateral
space requirements.

4. In an elevator system, an elevator car op-
erable in a hatchway, a plurality of circuits asso-
ciated with said system, and means to commutate
said circuits comprising a circuit controlling de-
vice individual to each of said circuits, means for
mounting said devices on said car in substantially
the same vertical line, a plurality of elements
effective to operate said devices when said devices
are in predetermined conditions of energization,
certain of said elements having characteristics
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such that they are operably cooperative with only
certain of said devices, means for establishing
said predetermined conditions of energization of
said devices, and means for mounting said ele-
ments in said hatchway at predetermined points
in substantially said same vertical line for co-
operation with said devices, whereby said cir-
cuits may be selectively commutated in accord-
ance with the position of said car with small
lateral space requirements of said devices, and
said operating elements.

5. In an elevator system, an elevator car op-
erable in g hatchway, driving means for said
car, means to decelerate said car including a plu-
rality of circuits, and means to commutate said
circuits ineluding a circuit controlling device in-
dividual to each of said circuits, means for
mounting said devices on said car in substan-
tially the same vertical line, a plurality of ele-

- ments effective to operate said devices when said

devices are in predetermined conditions of ener-
gization, certain of said elements having charac-
teristics such thet they are operably cooperative
with only certain of said devices, means for es-
tablishing said predetermined conditions of en-
ergization of said devices, and means for mount-
ing said elements in said hatchway at predeter-
mined points in substantially said same vertical
line for cooperation with said devices, whereby
said decelerating means may be selectively con-
trolled in accordance with the position of said
car with small lateral space requirements of said
devices and said operating elements.

6. In an elevator system, an elevator car op-

. erable in a hatchway, a plurality of sets of con-

tact members associated with said system, an cp-
erator for one of said sets of contaet members
comprising apparatus having two cooperating
magnetic elements, an operator for another of
aid sets of contact members comprising appa-
ratus having two elements, one of said elements
comprising a light sensitive cell, the other of
said elements comprising means to effect a pre-
determined condition of illumination of said cell
when in a predetermined position with respect
thereto, said last named means having charac-
teristics such that it is not operably cooperative
with elements of said first named operator, means
for mounting one element of each of said oper-
ators on said car in substantially the same verti-
cal line, means for mounting the remaining ele-
ment of each of said operators in said hatchway
at predetermined points in substantially said
same vertical line for cooperation with said car-

- 2
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- carvied elements, whereby said contact members

may be controlled in accordance with the posi-
tion of said car with small lateral space require-
ments of said operators.

7. In an elevator system, an elevafor car op-
erable in a hatchway, a plurality of sets of con-
tact members asscciated with said system, an
operator for a set of said contact members com-
prising apparatus having magnetizing and mag-
netizable elements, an cperator for another set
of said contact members comprising apparatus
having a light sensitive cell element and a co-
operating element adapted to efiect a predeter-
mined condition of iliumination of said cell when
in a predetermined position with respect thereto,
said cooperating element having characteristics
such that it is not operably cooperative with the
elements of said first named operator, means for
mounting said light sensitive and magnetizing
elements on said car in substantially the same
vertical line, means for mounting s2id magnetiz-
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able and cooperating elements in said hatchway
at predetermined points in substantially said
same vertical line for cooperation with said car
carried elements, whereby said contact members
may be controlled in accordance with car posi-
tion with small lateral space requirements of said
operators.

8. In an elevator system, an elevator car op-
erable in a hatchway, a plurality of sets of con-
tact members associated with said system, an op-
crator for a set of said contact members com-
prising apparatus having two cooperating mag-
netic elements, an operator for another set of
said contact members comprising apparatus hav-
ing two elements, one of said elements including
a light-sensitive cell and a source of light dis-
posed to illuminate said cell, the other of said
elements including means to control the pas-
sage of light between said source and said cell
in accordance with the relative positions of said
two elements, said last named element having
characteristics such that it is not eperably coop-
erative with the elements of said first named op-
erator, means for mounting one element of each
of said operators on said car in substantially the
same vertical line, means for mounting the sec-
ond element of each of said operators in said
hatchway ot predetermined points in substan-

tielly said same vertical line for cooperation with

said car-carried elements, whereby said contact
members may be controlled in accordance with
car position with small lateral space require-
ments of said operators.

9. In an elevator system, an elevator car op-
erable in a hatchway, a plurality of sets of con-
tact members associated with said system, an
operator for one of said sets of contact members
comprising apparatus having magnetizing and
magnetizable elements, an operator for another
of said sets of contact members comprising ap-
paratus having two elements, one of said ele-
ments including a light sensitive cell and a source
of light disposed to illuminate said cell, the other
of said elements including means to control the
passage of light between said source and said
cell in accordance with the relative positions of
said two elements, said last named element hav-
ing characteristics such that it is not operably
cocperative with the elements of said first named
operator, means for mounting said magnetizing
and light sensitive elements on said car in sub-
stantially the same vertical line, means for
mounting said magnetizable and light-control-
ling elements in szid hatchway at predetermined
points in substantially said same vertical line for
cooperation with said car carried eléments,
whereby said contact members may be controlled
in accordance with car position with small lat-
eral space requirements of said operators.

10. In an elevator system, an elevator car oper-
able in a hatchway, a plurality of sets of contact
members associated with said system, and means
for sequentially operating said sets of contact
members in accordance with the position of said
car in said hatchway, said cperating means com-
prising an operator for each of said sets of con-
tact members, each of szid operators comprising
a first element, a second element and means to
condition said operator for operation through
cocperation between said first and second ele-
ments, certain of said first elements having char-
acteristics such that they are operably cooper-
ative only with certain of said second elements,
means for mounting said first elements on said
car in substantially the same vertical line, means
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for mounting said second elements in said hatch-
way in accordance with said sequence at prede-
termined points in substantially said same ver-
tical line, whereby said sets of contact members
may be sequentially controlled with small lateral
space requirements of said operators.

11. In an elevator system, an elevator car oper-
able in a hatchway, two sets of contact members
associated with said system, and means for se-

quentially operating said sets at predetermined

points comprising an operator for each of said
sets, each operator comprising a first element, a
second. element and means to condition said
operator -for operation through cooperation be-
tween said first and second elements, the second
element of one of said operators having charac-
teristics such that it is not operably cooperative
with the elements of said other operator, means
for mounting the first elements of said operators
on said car in substantially the same vertical line
and means for mounting the second elements of
said operators in sald hatchway at predetermined
points in substantially said same vertical line for
cooperation with said car carried elements,
whereby said sets of contact members may be
alternately controlled with small lateral space re-
quirements of said operators.

12. In an elevator system, an elevator car oper-
able in a hatchway, two sets of contact members
associated with said system, means for operating
one of said sets of contact members when said
car reaches certain positions in said hatchway,
and for operating the other of said sets of contact
members when said car reaches certain other
positions in said hatchway, said operating means
comprising an operator for each of said sets, each
of sald operators having a first element, a plural-
ity of second elements, and means to condition
each operator for operation through cooperation
between the associated first and second elements,
the second elements associated with one of said
operators having characteristics .such that they
are operably cooperative with only the first ele-
ment of that operator, means for mounting said
first elements on said car in substantially the same
vertical line, means for mounting the second ele-
ments associated with the operator for said one
of said sets of contact members in said hatchway
at said certain positions in substantially said
same vertical line, and means for mounting the
second elements associated with the operator for
said other set of contact members in said hatch-
way at said certain other positions in sub-
stantially said same vertical line, whereby said
contact members may be controlled with small
lateral space requirements of said operators.

13. In an elevator system, an elevator car oper-
able in a hatchway, a plurality of sets of contact
members’ associated with said system, means for
sequentially operating said sets of contact mem-
bers in accordance with car position comprising
an operator for each of said sets of contact mem-
bers, each of said operators having two elements,
the elements of one of said operators being ar-
ranged to cooperate magnetically, one element of
a second of said operators comprising a light
sensitive cell, the other element of said second
operator comprising means to effect a predeter-
mined condition of illumination of said cell when
in a predetermined position with respect thereto,
said last named element having characteristics
such that it is not operably cooperative with ele-
ments of sald one of said operators, means for
mounting one element of each of said operators
on said car in substantially the same vertical line
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and means for mounting the other elements of
each of said operators in said hatchway in ac-
cordance with said sequence at predetermined
points in substantially said same vertical line,
whereby said sets of contact members may be
sequentially  controlled with - small lateral space
requirements of said operators. .
14, In an elevator system, an elevator car oper-
able in.a hatchway, two sets of contact members
associated with said system, an operator for each
of said sets of contact members, each of said op-
erators having first and second elements, the sec-
ond element associated with one of said operators
having characteristics such that it is operable co-

operative with only the first element associated:

with that operator, means for mounting said first
elements on said car in substantially the same
vertical line, means for mounting said second
element in said hatchway at predetermined points

in substantially said same vertical line for co-

operation with said car carried elements, and
means to prevent operative cooperation: between
the first element of said one of said operators
and the second element associated with the other
of said operators, whereby each of said sets of
contact members may be operated at different pre-
determined points with small lateral space re-
quirements of said operators.

15. In an elevator system, an elevator car op-
erable in a hatchway, two circuit controlling de-
vices associated with said system, means for
mounting said devices on said car in substantially
the same vertical line, an operating element as-
sociated with each of said devices, the operating
element associated with one of said devices hav-
ing characteristics such that it is operably co-
operative with only that device, means for mount-
ing said elements in said hatchway at predeter-
mined points in substantially said same vertical
line for cooperation with said devices, and means
for preventing operative cooperation between said
other device'and the element associated with said
one of said devices, whereby said devices may be
operated at different points with small lateral
space requirements of said devices.

16.-In an elevator system, an elevator car oper-
able in a hatchway, two circuits associated with
said system, means for commutating said circuits
comprising an operator individual to each circuit,

each operator having first and second elements,

the second elements associated with one of said
operators having characteristics such that it is
operably cooperative with only the first element

of that operator, means for mounting said first-

elements on said car in substantially the same
vertical line, means for mounting said second ele-
ments in said hatchway at predetermined posi-
tions in substantially said same vertical line for
cooperation with said first elements, and means
to render said one operator ineffective to commu-

tate the associated circuit when the first element -

associated therewith is in cooperative relation
with the second element associated with said other
operator, whereby said circuits may be commu-
tated at different points with small lateral space
requirements of said operators.

17. In an elevator system, an elevator car op-‘

erable in a hatchway, two sets of contact mem-
bers associated with said system, an operator for

one. of said sets comprising two magnetic ele--

ments, an operator for the other set comprising
a light sensitive cell element and an element
adapted to effect a predetermined condition of il-
lumination of said cell when in a predetermined
position with respect thereto, said last named ele-

=]

10

15

20

25

30

40

60

(i)

70

76



(=

10:

15

20

25

30.

40

45

[+
%7

60

65

16

ment having characteristics such that it is not op-
erably cooperative with the elements of said first
named operator, means for mounting one element
of each of said operators on said car in substan-
tially the same vertical line, means for mounting
the other element of each of said operators in said
hatchway at predetermined points in substantially
said same vertical line, and means for preventing
operative cooperation between said light sensitive
cell element and a magnetic element, whereby
said sets of contact members may be selectively
operated at different points with small lateral
space requirements of said operators.

18. In an elevator system, an elevator car op-
erable in a hatchway, two sels of contact mem-
bers associated with said system, an operator for
one of said sets comprising magnetizing and mag-
netizable members, an operator for the other of
said sets comprising a light sensitive cell element
and an element adapted to effect a predetermined
condition of illumination of said cell when in a
predetermined position with respect thereto, said
last named elements having characteristics such
that it is not operably cooperative with the ele-
ments of said first named operator, means for
mounting said magnetizing and cell elements on
said car in substantially the same vertical line,
means for mounting said magnetizable and con-
ditioning elements in said hatchway at predeter-
mined points in substantially said same vertical
line, and means to prevent operative cooperation
between said cell element and said magnetizable
element, whereby said sets of contact members
may be selectively operated at different points
with small lateral space requirements of said op-
erators.

19. In an elevator system, an elevator car op-
erable in a hatchway, two sets of contact mem-
bers associated with said system for controlling
circuits of the system, an cperator for controlliing
one of said sets having magnetizing and magnetiz-
able elements, an operator for controlling the
other of said sets having two elements, one of
said elements comprising a light sensitive cell and
a source of light disposed to illuminate said cell,
the other of said elements comprising a non-
magnetic shield disposed to control the passage of
light between said source and said cell in accord-
ance with the position of said car in said hatch-
way, means for mounting said magnetizing and
said cell elements on said car in substantially the
same vertical line, means for mounting said mag-
netizable and said light-controlling elements in
said hatchway at predetermined points in sub-
stantially said same vertical line for cooperation
with said car-carried elements, and means to pre-
vent operative cooperation hetween said cell ele-
ment and said magnetizable element, whereby said
sets of contact members may be selectively oper-
ated at different points with small lateral space
requirements of said operators.

20. In an elevator leveling control system, an
elevator car operable in a hatchway past a floor
landing, up-~leveling mechanism and down-level-
ing mechanism, each of said leveling mechanisms
having first and second elements, means for
mounting said first elements in said haichway,
means for mounting said second elements on said
car for movement into cooperative relation, re-

. spectively, with said first elements when said car

is substantially level with said landing, and
means rendered effective upon said elements of
one of said mechanisms being moved out of co-
operative relation to cause said car to move in

. the. corresponding direction, regardless of the

2,000,708

relative positions of the elements of said other
mechanism during such movement.

21. In an elevator control system, an elevator
car opzrable in a hatchway past a landing up-
leveling connections, down-leveling connections,
means effective while said connections are com-
plete, respectively, to cause said car to move in
the corresponding direction, up-leveling mecha-
nism and down-leveling mechanism for control-
ling the leveling connections, each of said mech-
anisms having first and second elements, means
for mounting said first elements in said hatchway,
means for mounting said second elements on
said car for movement into cooperative rzla-
tion, respectively, with said first elements when
said car is substantially level with said land-
ing, and means rendered effective upon the ele-
ments of one of said mechanisms being moved
out of cooperative relation to cause completion of
the corresponding connections until said ele-
ments are again brought into cooperative rela-
tion, regardless of the relative positions of the
elements of said other mechanism during such
movement,.

22. In an elevator control system, an elevator
car operable in a hatchway past a landing, level-
ing connections, means responsive to completion
of said leveling connections to cause said car to
start and responsive to interruption of said lev-
eling connections to cause said car to stop, a first
ieveling mechanism and a second leveling mech-
anism for controlling the leveling connections,
each of said mechanisms having main and coop-
erating elements, means for mounting one ele~
ment of sach of said mechanisms in said hatch-
way, means for mounting the other elements of
each of said mechanisms on said car in such po-
sitions that the elements of said first mechanism
are brought into ccoperative relation when said
car is one distance in advance of said landing
and the elements of said second mechanism are
brought into cooperative relation when said car
is a greater distance in advance of said landing,
means rendered effective upcen the elements of
said first mechanism being moved out of cooper-
ative relation to cause completion of said leveling
connections, means adapted upon the elements
of said second mechanism being moved out of
cooperative relation to interrupt said leveling con-
nections, and additional means operable to
prevent interruption of said leveling connections
by said last-mentioned means.

23. In an elevator control system, an elevator
car operable in a hatchway past a landing, level-
ing connections, means responsive to corpletion
of said leveling connections to cause said car to
start and responsive to interruption of said level-
ing connections to cause said car to stop, a first
leveling mechanism and a second leveling mech-
anism for controlling the leveling connections,
each of said mechanisms having main and co-
operating elements, means for mounting one ele-
ment of each of said mechanisms in said halch-
way, means for mounting the other eclements of
each of said mechanisms on said car in such
positions that the elements of said first mecha-
nisms are brought into cooperative relation when
sald car is one distance in advance of said landing
and the elements of said second mechanism are

brought into cooperative relation when said car 7

is a greater distance in advance of said landing,
means rendered effective upon the elements of
sald first mechanism being moved out of coopera-
tive relation to cause completion of said leveling
connections, means adapted upon the elements
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of said second mechanism being moved out of
cooperative relation to interrupt said leveling
connections, a closure associated with said eleva-
tor, and means controlled by said closire to pre-

‘'vent interruption of said leveling connectxons by

sald last-mentioned means.

24. In an elevator control system, an elevator
car operable in a hatchway past a landing, level-
ing connections, means responsive to completion
of said leveling connections to cause said car to
start and responsive to interruption of said level-
ing connections to cause said car to stop, a first
leveling mechanism and a second leveling mech-
anism for controlling the leveling connections,
each of said mechanisms having main and co-
operating elements, means for mounting one ele-
ment of each of said mechanisms in said hatch-
way, means for mounting the other elements of
each of said mechanisms on said car in such posi-
tions that the elements of said first mechanism
are brought into cooperative relation when said
car is one distance in advance of sald landing
and the elements of said second mechanism are
brought into cooperative relation when said car is
a greater distance in advance of said landing,
means rendered effective upon the elements of
sald first mechanism being moved out of coopera-
tive relation to cause completion of said leveling
connections, means adapted upon the elements
of said second mechanism being moved out of
cooperative relation to interrupt said leveling
connections, a closure associated with said sys-
tem, and means effective while said closure is
closed to prevent interruption of said leveling
connections by said last-mentioned means.

25. In an elevator control system, an elevator
car operable in a hatchway past a landing, level-
ing connections, means responsive to completion

. of said connections to cause said car to start up-

wardly and responsive to interruption of said con-
nections to cause said car to stop, up-leveling
mechanism and down-leveling mechanism for
controllling the leveling connections, each of said
mechanisms having first and second elements,
means for mounting one element of each of said
mechanisms in said hatchway, means for mount-
ing the other element of said up-mechanism on
said car In such positions that said elements of
that mechanism are in cooperative relation when
said car is in a predetermined region below said
floor, means for mounting the other element of
said down mechanism on said car in such posi-
tion that said elements of that mechanism are
in cooperative relation when said car is in a
greater predetermined region below said floor,
means rendered effective upon the elements of
sald up mechanism being moved, by downward
movement of said car, out of cooperative relation
to cause completion of said connections, means
adapted upon the elements of said down mech-
anism beéing moved, by downward movement of
said car out of cooperative relation to interrupt
said connections, and additional means operable
to prevent interruption of said connections by
said last-mentioned means.

26. In an elevator control system, an elevator
car operable in a hatchway past a landing, level-
ing connections, means responsive to completion
of said connections to cause said car to start
downwardly and responsive to interruption of
said connections to cause said car to stop, down-
leveling mechanism and up-leveling mechanism
for controlling the leveling connections, each of
said mechanisms having first and second ele-
ments, means for mounting one element of each
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of said mechanisms in said hatchway, means for
mounting the other element of said down mech-
anism on said car in such positions that said ele-
ments of that mechanism are in cooperative rela-
tion when said car is in a predetermined region
above said floor, means for mounting the other
element of said up mechanism on said car in
such position that said elements of that mech-
anism are in cooperative relation when said car is
in a greater predetermined region above said
floor, means rendered effective upon the elements
of said down mechanism being moved, by upward
movement of said car, out of cooperative relation
to cause completion of said connections, means
adapted upon the elements of said up mechanism
being moved, by upward movement of said car
out of cooperative relation to interrupt said con-

‘nections, and additional means operable to pre-

vent interruption of said connections by said last-
mentioned means. ' ,

27. In an elevator control system, an elevator
car operable in a hatchway past a landing, level-
ing connections, means responsive to completion
of said connections to cause said car to start up-
wardly and responsive to interruption of said
connections to cause said car to stop, up-leveling
mechanism and down-leveling mechanism for
controlling the leveling connections, each of said
mechanisms having first and second elements,
means for mounting one element of each of said
mechanisms in said hatchway, méans for mount-
ing the other element of said up mechanism on
said car in such position that said elements of

that mechanism are in cooperative relation when -

said car is in a predetermined region below said
floor, means for mounting the other element of
said down mechanism on said car in such posi-
tion that said elements of that mechanism are in
cooperative relation when said car is in a greater
predetermined region below said floor, means
rendered effective upon the elements of said
mechanism being moved, by downward movement
of said car, out of cocperative relation to cause
completion of said connections, means adapted
upon the elements of said down mechanism be-
ing moved, by downward movement of said car
out of cooperative relation to interrupt said con-
nections, a closure associated with said system,
and means controlled by said closure to prevent
interruption of said connections by said last-
mentioned means.

28. In an elevator control system, an elevator
car operable in a hatchway past a landing, level-
ing connections, means responsive to completion
of said connections to cause said car to start
downwardly and responsive to interruption of
said connections to cause said car to stop, down-
leveling mechanism and up-leveling mechgnism
for controlling the leveling connections, each of
said mechanisms having first and second ele-
ments, means for mounting one element of each
of said mechanism in said hatchway, means for
mounting the other element of said down mecha-
nism on said car in such positions that said ele-
ments of that mechanism are in cooperative rela-
tion when said car is in a predetermined region
above said floor, means for mounting the other
element of said up mechanism on said car in such
position that said elements of that mechanism
are in cooperative relation when said car is in
a greater predetermined region above said floor,
means rendered effective upon the elements of
said down mechanism being moved, by upward
movement of said car, out of cooperative relation
to cause completion of sald connections, means
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adapted upon the elements of said up mechanism
being moved, by upward movement of said car
out of cooperative relation to interrupt said con-
nections, a closure associated with said system,
and means controlled by said closure to prevent
interruption of said connections by said last-
mentioned means.

29, In an elevator control system, an elevator
car operable in a hatchway past a landing; first
leveling connections, second leveling connections,
means responsive to completion of said first con-
nections to cause said car to travel at a certain
speed, means responsive to completion of said
second connections to cause said car to travel at
a higher speed; a first leveling mechanism and
a second leveling mechanism for controlling the
ieveling connections, each of said mechanisms
having first and second elements, means for
mounting one element of each said mechanisms
in said hatchway, means for mounting the other
elements of said mechanisms on said car in such
positions that the elements of said first mecha-
nisin gre brought into cooperative relation when
said car is a certain distance in advance of said
ficor and the elements of said second mechanism
are brought info ccoperative relation when said
car is a greaier distance in advance of said land-
ing, means rendered effective upon the elements
of said firsi mechanism being moved out of co-
onerative relation to cause completion of said first
connections, and means rendered effective upon
the eclements of said second mechanism being
moved out of cooperative relation to cause com-
pletion of said second connections.

30. In an elevator control system, an elevator
car.operable in a hatchway past a landing; first
leveling connections, second leveling connections,
means responsive to completion of said first con-

‘nections to cause said car to travel at a certain

speed, means responsive to completion of said sec-
ond connections to cause said car to travel at &
higher speed; a first leveling mechanism and a
second leveling mechanism for controlling the
leveling conneciions, each of said mechanisms
having first and second elements, means for
mounting one element of each of said mechanisms
in said hatchway, means for mounting the other
elements of said mechanisms on said car in such
positions that the elements of sa2id first mecha-
nism are in cooperaiive relation while said car
is in a region extending one distance below said
floor and a greater distance above said floor and
the elements of said second mechanism are in
cooperative relation while said car is in a region
extending said one distance above said floor and
said greater distance below said floor; means,
rendered effective upon the elements of said first
mechanism being moved out of cooperative rela-
tion, by downward car movement, to cause com-
pletion of said first connections and, by upward
car movement, to cause completion of said second
connections; and means, rendered effective upon
the elements of sald second mechanism being
moved out of ccoperative relation, by upward car
movement, to cause completion of said first con-
nections and, by downward car movement, to
cause completion of said second connections.
31. In an elevator control system, an elevator
car operable in a hatchway past a floor landing,
means to control said car including up-level-
ing connections and down-leveling connections
means responsive to completion of said connec-
tions, respectively, to cause said car to start in
the corresponding direction and responsive to in-
terruption of said connections to cause said car

2,000,703

to stop, mechanism associated with said up-con-
nections and mechanism associated with said
down-connections for controlling said connec-
tions, each of said mechanisms having first and

second elements, said first elements including w -

light sensitive cell, said second elements includ-
ing means to effect, respectively, predetermined
different conditions of illumination of said cells
when in corresponding predetermined positions
with respect thereto, means for mounting one
element of each of said mechanisms on said car,
means for mounting the other elements of each
of said mechanisms in said hatchway in such po-
sitions that the associated cell is subjected to
one of said predetermined conditions of illumi-
nation when said car is substantially level with
said landing; and means comprising switching
mechanism responsive to that condition of illu-
mination of said cells to interrupt said leveling
connections and responsive to another of said
conditions of illumination of either of said cells
to cause completion of the leveling connections as-
sociated with that cell, said switching mecha-
nism comprising interlocking means associated
with each cell and disposed to prevent comple-
tion of the connections associated with the op-
posite direction of movement, and means effec-
tive upon completion of the leveling connections
associated with either of said cells to render the
interlocking means associated with the other of
said cells ineffective.

32. In an elevator control system, an elevator
car operable in a hatchway past a floor landing,
means to control said car including up-leveling
connections and down-leveling connections,
means responsive to completion of said connec-
tions, respectively, to cause said car to start in
the corresponding direction and responsive to in-
terruption of said connections to cause said car
to stop, mechanism associated with said up-con.
nections and mechanisms associated with said
dewn-connections for controlling said connec-
tions, each of said mechanisms having a light
sensitive cell element, and an element adapted
to effect predetermined different conditions of il-
lumination of said cell when in corresponding
different positions with respect thereto, means for
mounting said cell elements on said car, means
for mounting said other elements in said hatch-
way in such positions as to subject the associ-
ated cells to one of said conditions of illumina-
tion when said car is substantially level with
said landing, means including switching mecha-
nism responsive to the condition of illumination
of said cells, and effective, while said cells are
subjected to said one condition of illumination
to cause interruption of said leveling connections,
and effective, upon movement of said car to a
bosition in which one of said cells is subjected
to another of said conditions of illumination
to cause completion of the associated leveling
connections, said switching mechanism compris-
ing interlocking means associated with each cell
and disposed to prevent completion of the con-
nections associated with the opposite direction
of movement, and means effective upon comple-
tion of the leveling connections associated with
either of said cells to render the interlocking
means associated with the other of said cells in-
effective.

33. In an elevator control system, an elevator
car operable in a hatchway past a floor landing,
means to control sald car including up-level-
ing connections and down-leveling connections,
means responsive to completion of said connec-
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-the corresponding direction and responsive to in-

tions, respectively, to cause said car to start in

the corresponding direction and responsive to in-

terruption of said connections to cause said car

" to stop, mechanism associated with said up-con-

nections and mechanism associated ~with said
down-connections  for controlling said connec-
tions, each of said mechanisms having a light
sensitive cell element and an element adapted o

effect a predetermined degree of illumination.of
said cell when in one position with respect there-

to and te effect a lesser degree of illumination
of said cell when in another position with re-
spect thereto, means for mounting one element
of each of said mechanisms in said hatchway
in such positions as to subject the associated
cell to said lesser degree of illumination when
said car is substantially level with said landing,
means including switching mechanism responsive
to-the condition of illumination of said - cells
and effective while sald cells are subjected to
saild lesser degree of illumination to interrupt
said leveling connections, and effective, upon
movement of said car to a position in. which one
of said cells is subjected to said predetermined
degree of illumination to cause completion of the
associated leveling connections, said switching
mechanism comprising interlocking means as-
sociated with each cell and' disposed to prevent
completion of the connections associated with the
opposite direction of movement, and means ef-
fective upon completion of the leveling connec-
tions associated with either of said cells to ren-
der the interlocking means associated with the
other of said cells ineffective.

34. In a control system for an elevator car op-
erable in a hatchway past a fioor landing, up-lev-
eling connections, and down-leveling connection
means responsive to completion of said leveling
connections, respectively, to cause said car to start
in the corresponding direction and responsive to
interruption of said leveling connections to cause
sald car to stop, mechanism associated with said
up-connections and mechanism associated with
said down-connections for controlling said con-
nections, each of said mechanisms having first
and second elements, each of said first elements
including a light source and a light sensitive
cell disposed to.receive light from said source
and each of said second elements comprising a
shield, means for mounting one element of each
of said mechanisms in said hatchway, means for
mounting the other element of each of said mech-
anisms on said car whereby said shields inter-
rupt the light falling on the associated cells when
said car is substantially level with said landing,
and means including switching mechanism re-
ponsive to the condition of illumination of said
cells, and effective, while said light is interrupted,
to cause interruption of said connections, and ef-
fective, upon movement of said car to a position
in which one of said cells is illuminated, to cause
completion of the associated connections said
switching mechanism comprising interlocking
means associated with each cell and disposed to
prevent completion of the connections associated
with the opposite direction of movement, and
means effective upon completion of the leveling
connections associated with either of said cells
to render the interlocking means associated with
the other of said cells ineffective.

35. In a control system for an elevator car op-
erable in a hatchway past a landing, up-leveling
connections and down-leveling connections,
means responsive to completion of sald connec-
tions, respectively, to cause said car to start in
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terruption of said connections to cause said car to

‘stop, mechanism. associated with said up-con-

nections and mechanism associated with said

down-connections for controlling said connec- -

tions, each of said mechanisms comprising- a
source of light and a light sensitive cell disposed

‘to receive light from said source, and & shield,

means for mounting the cell and light source
associated with each of said mechanisms on said
car, means for mounting -the shields associated
with each of said mechanisms in said hatchway
in such position that. said up shield is effective
to prevent illumination of said up cell while
said car is in a region extending one distance
above said floor and a lesser distance below said

floor, and that said down shield is effective to

prevent illumination of said down cell while said
car is in a region extending said one distance be-
low said floor and said lesser distance above said
floor, means adapted to respond to an illuminated
condition of said up cell to complete said up con-
nections and comprising .interlocking means to
prevent completion of said down connections,
means adapted to respond to an illuminated con-
dition of said down cell to complete said down
connections and comprising interlocking means
to prevent completion of said up connections, and
additional means, rendered effective in response
to an illuminated condition of one of said.cells
to render the interlocking means associated with
the other of said cells ineffective.

-36. In an elevator system, an elevator car op-
erable in a hatchway, a first circuit and a second
circuit associated with said system, an operator
adapted to selectively control both of said cir-
cuits, said operator having an element mounted
on said car and an element mounted in- said
hatchway for cooperation with said car-carried
element, and means, comprising means respon-
sive to the direction of movement of the car to
determine which of said circuits is to be controlled
by said operator.

37..In:an elevator system, an elevator car oper-
able in a hatchway, up-and-down control means
for said car, a first circuit and a second circuit
associated with said system, an operator adapted
to selectively control both of said circuits, said
operator having an element mounted on said car
and an element mounted in said hatchway for
cooperation with said car-carried element, and
means controlled by said up-and-down control
means for determining which of said circuits is
to be controlled by said operator.

.-38.'In an elevator control system, an elevator
car operable in a hatchway, control mechanism
for said elevator car-comprising a - decelerating
circuit and a stopping circuit, an operator adapted
to control both of said circuits, said operator hav-
ing an element mounted on sgid car and an ele-
ment mounted in said hatchway for cooperation
with sald car-carried element, and means, com-
prising means responsive to the direction of move-
ment of the car to determine which of said cir-
cuits is to be controlled by said operator. - .. =~

39, In an elevator control system, an elevator
car operable in a hatchway, up and down con-
trol means for said car including a decelerating
circuit and a stopping circuit, an operator adapt-
ed to control both of said circuits, said operator
having an element mounted on said car and an
element mounted in said hatchway for coopera-
tion with said car-carried element, and addi-
tlonal means controlled by said up-and-down
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control means to determine which of saic_i cir-

‘cuits is to be controlled by said operator.

40. In an elevator control system, an elevator
car operable in a hatchway past a floor, up-and-
down control means for said car including a de-
celerating circuit and a stopping circuit, an op-
erator having an element mounted in said hatch-
way and an element carried on sald car, said
car-carried element being disposed to be brought
into cooperative relation with said hatchway ele-
ment, during travel of said car in one direction,
when said car is one distance from said floor,
and, during travel of said car in the other direc-
ticn, when said car is a lesser distance from said
floor, and 'means comprising circuit connections
to render said operator effective, during travel
of said car in said one direction to interrupt said
decelerating circuit when said elements are
brought into cooperative relation, and during
travel of said car in said other direction, to in~
terrupt said stopping circuit when said elements
are brought into cooperative relation.

41; In an elevator control system, an elevator
car operable in a hatchway, circuit controlling
apparatus having first and second elements as-
sociated with said system, said first element com-
prising a light sensitive cell, said second element
comprising means to effect a predetermined con-
dition of illumination of said cell when in a
predetermined position with respect thereto,
means for mounting one of said elements on said
car, means for mounting the other of said ele-
ments in said hatchway for cooperation with said
car-carried element, relay mechanism, means to
operate said car at a plurality of speeds, and
means effective during operation of said car at
certain of said speeds to render said relay mech-
anism subject to control in accordance with the
condition of illumination of said cell.

~42. In an elevator control system, an elevator
car operable in a hatchway, circuit controlling
apparatus having first and second elements as-
sociated with said system, said first element com-
prising a light sensitive cell, said second element
comprising means to effect a predetermined con-
dition of illumination of said cell when in a pre-
determined position with respect thereto, means
for mounting one of said elements on said ear,
means for mounting the other of said elements
in said hatchway for ccoperation with said car-
carried element, relay mechanism, means to op-
erate said car at a plurality of speeds, and means
effective during operation of said car at certain
of said speeds to render said relay mechanism
subject to control in accordance with the condi-
tion of illumination of said cell, said last named
means being effective during operation of said
car at others of said speeds to render said circuit
controlling apparatus ineffective to control said
relay mechanism.- i

.43. In an elevator control system, an elevator
car operable in a hatchway, circuit controlling
apparatus having first and second elements as-
sociated with said system, said first element com-
prising a light sensitive cell, said second element
comprising means to effect a predetermined
condition of illumination of said cell when in a
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predetermined position with respect thereto,
mesans for mounting one of said elements on said

car, means for mounting the other of said ele-

ments in said hatchway for cooperation with
said car-carried element, relay mechanism, de-
celerating mechanism for said car, and means
responsive to operation of said decelerating
mechanism to render said relay mechanism sub-
ject to control in accordance with the condition
of illumination of said cell.

44, In an elevator control system, an elevator
car operable in a hatchway, circuit controlling ap-
paratus having first and second elements associ-
ated with said system, said first element com-
prising a light sensitive cell, said second element
comprising means to effect a predetermined con-
dition of illumination of said cell when in a pre-
determined position with respect thereto, means
for mounting one of said elements on said car,
means for mounting the other of said elements
in said hatchway for cooperation with said car-
carried element, relay mechanism, decelerating
mechanism for said car, and timing means ren-
dered effective, at the expiration of a predeter-
mined time interval, in response to operation of
said decelerating means to render said relay
mechanism subject to control in accordance with
the condition of illumination of said cell.

45. In an elevator control system, an elevator
car operable in a hatchway, a high speed circuit

and a low speed circuit associated with said sys-

tem, means to decelerate said car comprising
means to interrupt said high speed circuit, an
operator adapted to interrupt said low speed cir-
cuit, said operator having first and second ele-
ments, said first elements comprising a light sen-
sitive cell, said second element comprising means
to effect a predetermined condition of illumina-
tion when in a predetermined position with re-
spect thereto, means to mount one of said ele-
ments on said car, means to mount the other of
said elements in said hatchway for cooperation
with said car-carried element, and means to pre-
vent interruption of said low speed circuit until
after interruption of said high speed circuit com-
prising means effective while said high speed cir-
cuit is complete to render said operator meﬁ'ec-
tive to interrupt said low speed circuit.

46. In an elevator system, an elevator car oper-
able in a hatchway, apparatus including a plu-
rality of electric circuits associated with said sys-
tem, a plurality of devices for controlling certain
of said circuits, each of said devices comprising
a first element and a second element, certain of
said first elements having characteristics such
that they cooperate only with corresponding sec-
ond elements, means for mounting said first ele-
ments on said car in substantially the same ver-
tical line and means for mounting said second
elements at predetermined points in said hatch-
way in substantially a vertical line for coopera-
tion with said first elements, whereby said cer-
tain circuits may be selectively controlled in ac-
cordance with the position of said car by devices
having small lateral space requirements.

PHILLIP C. KEIPER.
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