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The invention relates to timing the operation
of electromagnetic switches, both in pulling in
and dropping out, especially in connection with
controlling acceleration and retardation of holst-

with the condenser. Thus the voltage applied to
the coil of the switch is delayed in building up
by the delay in the discharge of the condenser.
Fach switch in operating initiates the timing of
the next switch so that the accelerating switches
are operated in timed sequence.

50

For timing the dropping out of the switches

controlling retardation, the voltage applied to
their coils is reduced to below hold in-value by
charging the condensers. This is effected quickly

65

in the case of the first switch to drop out but is
delayed in the case of each subsequent switch, to
delay the dropping out of the switch. Each
switch in dropping out starts an increase in the

ing motors for elevators. 5 charge of the condenser for the next switch to
In most elevator installations, the voltage ap- drop out, thereby causing the switches to drop
plied to the hoisting motor in starting is in- out in sequence.
creased in steps in bringing the motor up to A general idea of the invention, the mode of
full speed. The control systems are usually ar- carrying it out which is at present preferred, and
ranged so that these steps are timed. Also, in 10 varlous features and advantages thereof will be
some of these control systems, the retardation gained from the above statements. Other fea-
of the motor is effected in timed steps. Con- tures and advantages of the invention will be
densers associated with resistances have been apparent from the following description and ap-
utilized in timing switches where direct current pended claims.
is provided for the control circuits. If known 15 In the drawings:
arrangements were utilized in elevator control Figure 1 is a simplified schematic wiring dia-
systems to control the operation of the accelerat- gram of an elevator control system in which a
ing switches to bring the hoisting motor up to polyphase alternating current induction motor is
full speed, the resistances would have to be of utilized for raising and lowering the car with the
low enough value to enable sufficient voltage to 20 operation of the accelerating switches to acceler-
be applied to the coils of the switches to operate ate the car controlled in accordance with the in-
the switches. Thus the condensers would have vention;

"~ to be of relatively large capacity. Paper con-- Figure 2 is a simplified schematic wiring dia-
densers of suitable size are relatively expensive gram of an elevator control system in which a
whereas electrolytic condensers, although not ex- o5 direct current motor is utilized for raising and
pensive, are unreliable in timing in any of the = lowering the car with the motor supplied with
arrangements heretofore proposed owing to the current from a variable voltage direct current
fact that their charging rate varies depending generator and with the operation of the ac-
upon the length of time that the condenser has celerating switches both to accelerate and retard
been discharged. . 30 the car controlled in accordance with the inven-

One feature of the invention is to provide a tion; :
condenser timing circuit for a switch, especlally Figures 1s and 2s are key diagrams for Figures
suitable for electrolytic condensers, in which uni- 1 and 2 respectively, showing the electromagnetic
form timing of the operation of the switch is switches in spindle form with the contacts and
obtained. 35 colls arranged on the spindles in horizontal align-

Another feature of the invention is to provide ment with the corresponding contacts and coils
a circuit in which the:.charging of the condenser in the wiring diagrams;
is utilized to time the dropping out of the switch. Figure 3 is a diagrammatic illustration of a car

Tn carrying out the invention according to the switch utilized in the circuits of Figure 2; and
arrangements which will be described, the timing 40 Pigure 4 is a regular wiring diagram of a simple
condenser for the switch is in a charged state circuit illustrating the control of the closing of
while the motor is at rest, being connected to a switch in accordance with the invention. )
the source in circuit with the coil of the switch. Referring first to Figure 4, a timing condenser
In starting the motor, discharge resistance is CA for a switch Y is connected in series with the
connected in series with the coil and in parallel 40 coil of this switch. With switch X open full line .

voltage is applied to the condenser which is in a
charged state, while the voltage applied to the
coil of the switch is zero. To operate switch Y,
a discharge resistance ‘DR is connected across
the condenser by closing switch X. This causes:
the condenser to discharge at a rate determined
by the capacity of the condenser and the value
of the discharge resistance. As the condenser
discharges, the voltage drop across resistance DR
decreases while the voltage drop across the coil




2
of switch Y increases, the capacity of the con-
denser and the value of resistance DR being so
ccordinated to the value of the resistance of the
coil that the voltage applied to the coil reaches
& value to cause the switch to operate at the ex-
piration of the desired time interval.

The circuits of Figures 1 and 2 are shown in
“straight” or “across the line” form, in which the
coils and contacts of the electromagnetic switches
are separated in such manner as to render the
circults as simple and direct as possible. The
relationship of these coils and contacts may be
seen from Figures 1s and 2s where the switches
are arranged in alphabetical order and shown in
spindle form. The positions of these coils and
contacts in the wiring diagrams may be found
by referring to the respective spindle diagrams
where the coils and contacts are positioned on
the spindles in horizontal alignment with the cor-
responding coils and contacts in the wiring dia-
grams. -

Referring first to Figures 1 and 1s, the alter-
nating current supply mains are designated
ACMI, ACM2 and ACM3. A triple-pole manu-
- ally operable main line switch designated ML is
provided for controlling the supply of current
from the supply mains to the system. The rotor
of the elevator motor is designated EMR, while
the stator windings are designated EMSI, EMS2
and EMS3. The resistances in circuit with the
stator windings are designated SR{, SR2 and
SR3. The release coil of the electromechanical
brake is designated BR. ‘This coil is illustrated
as supplied with direct current derived from the
alternating current mains, a rectifier REI being
interposed between the supply mains and the re-
lease coil for this purpose. Similarly, the con-
trol circuits for the elevator motor are illus-
trated as supplied with direct current derived
from the alternating current mains, rectifier
RE2 being interposed between the supply mains
and the control circuits for thig purpose.

The control system illustrated is of the type in
which both the starting and stopping of the car
is controlled by an operator in the car. A car
switch CS is provided in the car for the use of
the operator in effecting starting and stopping of
the car, the car switch segment being designated
CSS and the stationary contacts engaged thereby
being designated CU!, CU2 and CU3 for up car
travel and CDI, CD2 and CD3 for down car
travel. The gate contacts are designated GC,
while the door contacts are designated DC.
Three sets of door contacts are shown as indica-
tive of a three floor installation. EM is an emer-
gency stop switch in the car, while UL and DL
are limit switches. Other safety and limit
switches for convenience are indicated by legend
within a frame. :

The electromagnetic switches have been desig-
nated as follows:

A—TUp direction switch.
B—Down direction switch.
C—Potential switch.

E—Pirst accelerating switch.
F—Second accelerating switch.
G—Third accelerating switch.

Throughout the description which follows, these
letters will be applied to the coils of the above
designated switches. Also, with reference nu-
merals appended thereto they will be applied to
the contacts of these switches, as for example
B3. Similarly, the contacts operated by the
brake upon being released are designated BRI.
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BRR is a cooling resistance for the brake release
coil.

The condensers for controlling the operation
of the accelerating switches are designated CAl,
CA2? and CA3. RI, R? and R3 serve as protec-
tive resistances for the condensers CAl, CA2 and
CA3 respectively. DRI and DRal are discharge

. resistances for condenser CAl, resistance DRal

being adjustable. Similarly, DR2 and DRa2 are
discharge resistance for condenser CA2 and DR3
and DRa3 are discharge resistances for con-
denser CA3. It is to be noted that with the car
standing idle, the coil of each accelerating switch
is short-circuited so that the condenser for that
switch is connected through its protective re-
sistance to the direct current feed lines. Thus,
these condensers are charged to full line voltage.

Assume that the hatchway doors and car gate
are closed. To start the car in the up direction
the car switch segment is moved into position to
bridge contacts CUI, CU2 and CU3. This com-
pletes a circuit through emergency stop switch
EM, safeties and limits, door contacts DCi, DC2
and DC3, up limit switch UL, coil of switch A,
interlock contacts B, car switch contacts CU3
and CUI, and gate contacts GC. Switch A upon
operation separates interlock contacts A2 in the
circuit for the coil of down direction switch B.
It engages contacts A4 and A5 to complete a cir-
cuit for the stator windings of the hoisting mo-
tor, establishing a phase rotation of the applied
voltage for starting the car in the up direction.
It also engages contacts Al to complete a circuit
through car switch contact CU2 for the coil of
potential switch C. The potential switch upon
operation engages contacts C2 to complete a cir-
cuit for brake release coil BR to effect the release
of the brake. The brake upon releasing sepa-
rates contacts BRI to insert cooling resistance
BRR in circuit with the coil,

The potential switch upon operation also sepa-
rates contacts CI, removing the short-circuit for
the coil of first accelerating switch E. At the
same time, contacts A3 of the up direction switch
engage, connecting the coil of switch E across
the line in series with discharge resistances DR
and DRal. The first accelerating switch does
not operate immediately as at this instant the .
voltage drop across resistances DRI and DRal
is substantially the voltage of the condenser so
that the voltage applied to the coil of the switch
is substantially zero. However, as the condenser
discharges into resistances DRI and DRal, its
voltage and thus the voltage drop across these
resistances gradually decreases so that the volt-
age applied to the coil of the switch gradually
builds up. Eventually a condition is reached
where the coil of the switch has sufficient exci-
tation to cause the switch to operate. The point
at which this condition is reached and thus the
time which elapses before the switch operates
depends upon the capacity of the condenser and
the value of the various resistances including
that of the coil of the switch. It is of advantage
to have the value of resistance DRI and the ef-
fective portion of resistance DRal substantially
equal to that of the resistance of the coil. With
such arrangement the switch coil would be
wound for half line voltage. '

The first accelerating switch
engages contacts E3, E4 and ES to short-circuit
a step of each of resistances SRI, SR2 and SR3
respectively to increase the available torque of
the hoisting motor. It also separates contacts
El to remove the short-circuit for the coil of

upon operation
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lines, As in the case of the first accelerating
switch, switch P does not Ope te immediately
being delayed until condenser CA2? has dis-
charged to a point which permits sufficient cur-
rent to be supplied to the coil of the switch to
cause the switch to operate.

The second accelerating switch upon operation
engages contacts F$, F& and P8 to short-circuit a
further step of each of resistances SR, SR2 and
SR3 respectively to further increase the available
torque of the hoisting motor.
separates contacts Fi to remove the short-circuit
for the coil of the third accelerating switch G
and engages contacts F2 to connect discharge
resistances DR3 and
coil to the teed lines.
accelerating switch is
condenser CA3 discharges
voltage across the coil of switch
value at which the switch operates.

Switch G upon operatioL: engages contacts Gf,
G2 and G3 to short-circuit the remaining steps
of resistances SRi, SR2 and SR3 respectively to
pring the available torque of the hoisting motor
up to full value for full speed operation.

The car is stal in the down direction in a
gimilar manner. The car switch segment is
moved into position to bridge cont: ts CDI, CD2
and CD3. This causes the operation of down
 direction switch B and potential switch C to
cause the application of voltage to the stator
windings of the elevator hoisting motor and the
release of the brake for starting the car. Switch
B in engaging contacts B4 and BS establishes &
phase rotation ol the voltage applied to the ele-
vator hoisting motor for starting the car in the
down direction. The separation of contacts Ct
removes the short-circuit for the coil of first
accelerating switch E, while the engagement of
contacts B3 connects this coil in series with dis-
charge resistances DRI and DRal to the feed
lines. Asinthecaseofsta.rtlnsthecarmthe
up direction, switch E operates as soon as con-

The operation of the third
similarly delayed until
to a.point where the
G reaches a
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denser CAl discharges to & point to make the

excitation of the coil of the switch sufficient to
cause the switch to operate. Switch E upon oper-
ation removes the short-circuit for the coil of
switch F and connects this coil to the supply
lines in series with resistances
‘Switch F, upon operation after the time delay
provided by the discharge of condenser CA2, re-
moves the short-circuit for the coil of third ac-
celerating switch G and connects this coil to
the feed lines in series with resistances DR3 and
DRa3. Upon the expiration of the time delay
provided by the discharge of the condenser CA3
switch G operates. Thus, the accelerating
switches are operated in timed sequence as in
starting the car in the up direction.

To stop the car, the car switch segment is cen-
tered breaking the circuit for the coils of the
operated direction switch and potential switch.
These switches upon dropping out disconnect the
stator windings of the elevator hoisting motor
from the supply lines and deenergize the brake
release coil to apply the brake, bringing the car
to a stop. Also, the dropping out of thes2 switches
preaks the discharge circult for condenser CAl
and short-circuits the coil of switch &, causing
switch E to drop out and condenser CAl to re-
charge to full line potential. Similarly; the
dropping out of switch E causes the « ropping out

DR2 and DRal.

50

70
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of switch F' and the recharging of condénser CA2
to full line potential and the dropping out of

' switch F causes the dropping out of switch G

and the recharging of condenser'CA3 to full line
potential. This places the system in condition
for the next starting operation.

Referring now to Figures 2 and 2s, in which
the invention is shown applied to a variable
voltage system, the armature of the elevator
holsting motor is designated EMA and the field
winding EMF. EMFR is a regulating resistance
for the fleld winding while EMFD is a discharge
resistance therefor. The armature of the supply
generator for the elevator hoisting motor arma-
ture is designated GEA, its separately excited
field winding GEF and its series field winding
GES. GESR is a shunt resistance for the series
field winding, while GEFD is a discharge re-
sistance for the separately excited fleld winding.
The voltage regulating resistance for the gen-
erator separately excited field winding is desig-
nated SR. The driving motor for the generator
is not shown. Also, the source of supply for the
feed lines to the control circuit is not shown, it
being understood that these may be supplied
from an exciter driven by the generator driving
motor or by a separate driving motor or they
may be supplied in other ways, &8s for example,
direct from the supply lines to the building
where these lines are direct current supply lines
of the proper voltage.

Various parts of the system are the same as
in the circuit of Figures 1 and 2, and therefore
will not be listed in detail. The electromagnetic
switches in addition to switches A, B, C,E F
and G ‘have been designated as follows:

DS—Door contact switch.
H--Brake switch.
TS—Terminal switch.

The potential switch C instead of being subject
to the car switch is arranged in circuit with
various safeties and limit switches designated by
legend and the emergency stop switch EM.

The car switch is provided with five stationary
contacts on each side of neutral, those for up
car travel being designated CUH, CU2, CUS, CU4
and CUS, and those for down car travel being
designated CDI, CD2, CD3, CD4& and CD5. To
avoid cross-overs of wires, the corresponding
contacts on each side of neutral have been
grouped to form pairs. The car switch segment
CSS for bridging the car switch contacts is not
shown in Figure 2, but the construction of the
car switch is diagrammatically shown in Figure
3, to which reference may be -made to facilitate
an understanding of the operation of Figure 2.
Contacts of a terminal stopping switch are in-
cluded in the circuits, those contacts which open
as the car reaches the upper terminal floor being
designated TUI, 1U2, TU3, TU4, TUS and TU6
being opened in the order named. The contacts
which are opened as the car approaches the low-
er terminal floor are designated TDI, TD2, TD3,
TD4, TDS and TD6, and also are opened in the
order named. BRDis a discharge resistance for
the release coil of the electromechanical brake
BR. ’ ) . :

The discharge resistances for-condensers CAl,
CA2, and CA3 are shown as single adjustable
resistances designated DRal, DRa2 and DRa3.
Resistances Ri, R2 and R3 are controlled by the
accelerating ' switches to control the charging
time of the condensers and thus to time the
dropping out of the accelerating switches during
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retardation. A discharge condenser CAA and
regulating resistance RA are provided for coil of
up direction switch A to time the dropping out
of this switch. Similarly, discharge condenser
CAB and regulating resistance RE are provided
for the coil of down direction switch B to time
the dropping out of this switch. As in the case
of the arrangement of Figure 1, with the car
standing idle, the coil of each accelerating switch
is short-circuited so that the condenser for that
switch is connected through resistance to the di-
rect current feed lines. Thus, these condensers
are charged to full line voltage,

Assume that power is supplied to the feed
lines 4 and —, potential switch C is operated
and contacts Cf and C2 in these feed lines are
engaged. Also with the potential switch op-
* erated, terminal switch TS is operated. With
the hatchway doors and car gate closed, door
contact switch DS is also operated. To start
the car in the up direction the car switch seg-
ment is moved into position to bridge contacts
CUI, CU2, CU3, CU4 and CUS. The bridging
of contacts CUI and Ccy? completes a circuit
from the negative supply line through contacts
TUS and B, coil of up direction switch A, con-
tacts TUS, DS1, B4 and DS3 and the right hand
blade of emergency stop switch EM to the posi-
tive supply line. The up direction switch upon
operation separates interlock contacts A2, Ad
and A5, It also engages contacts A3 to com-
plete a circuit through contacts TUS for the
coil of brake switch H. Switch H upon opera-
tion separates contacts H5 to disconnect, the gen-
erator separately excited field winding GEF from
the generator armature. It also engages con-
tacts H3 and H4 to complete a circuit for the
release coil of the electromechanical brake BR
to release the brake for the starting operation.
At the same time the up direction switch en-
gages contacts A6 and AT completing a circuit
for generator field winding GEF through resist-
ance SR, the polarity of the excitation of the
generator field winding thus obtained being for
causing voltage to be applied to the armature
EMA of the elevator hoisting motor for starting
the car in the up direction. The brake upon
- being released separates brake contacts BRI to
insert cooling resistance BRR in circuit with the
release coil.

The brake switch H upon operation also sep-
arates contacts HI to remove the short-¢ircuit
for the coil of first accelerating switch E and en-
gages contacts H2 to connect this coil in series
with discharge resistance DRal through con-
tacts F2 and TU4, car switch contacts CU3 and
CU2, contacts B4 and DS3 and emergency stop
switch EM to the feed lines. As in the case of
- the arrangement of Figure 1, switch E does not
operate immediately, being delayed by the delay
in discharging condenser CAl, the discharge cir-
cuit for the condenser being through contact TSI,
resistance DRal, contacts H2, F2, TU4, CU3, CU2,
B4, DS3, TU3 and B5, and resistance RI. As
soon as the condenser discharges to a certain
point, the coil of the accelerating switch is ex-
cited sufficiently to cause the switch to operate.
Switch E upon operation engages contacts EI
to complete a holding circuit through contacts
Al for the coil of up direction switch A, by-
bassing -~ar switch contacts CUI. It engages
contacts E3 to short-circuit a portion of resist-
ance R1. It also engages contacts E6 to short-
circuit one step of resistance SR in circuit with
the generator field winding, causing increase in

10

15

20

Z5

30

33

40

45

50

55

60

75

2,273,088

the voltage applied to
vator hoisting motor.

The first accelerating switch also separates
contacts E4 to remove the short-circuit for the
coil of second accelerating switch ¥ and engages
contacts ES to connect this coil to the supply
lines in series with discharge resistance DRa2
through contacts G2 and TU2? and car switch
contacts CU& and CU2. This also completes the
discharge circuit for condenser CA2 through
contacts TS?2, resistance DRa2, contacts ES, Gz
TU2, CU4, CU2, B4, DS3, TU3 and BS, and re-
sistance R2. Switch F, upon operation after the
time delay provided by the discharge of con-
denser CA2, engages contact Ff to establish' a
holding circuit for the coil of first accelerating
switch E, by-passing the car switch. This also
established a by-pass for contacts H2, F2, TUA,
CU3, CU2, B4, DS3, TU3 and BS in the discharge
circult for condenser CAl. At the same time it
separates contacts F2 to obviate a possible un-
wanted circuit. It engages contacts F3 to short-
circuit a portion of resistance R2. It also en-
gages contacts F§ to short-circuit another step
of resistance SR in circuit with the generator
fleld winding causing further increase in the volt-
age applied to the armature of the elevator hoist-
ing motor.

The second accelerating switch also Separates
contacts F4 to remove the short-circuit for the
coil of third accelerating switch G and engages
contacts F§ to connect this coil to the supply lines
in series with discharge resistance DRaq 3 through
contacts TUI and car switch contacts CUS§ and
CU2. This also establishes the discharge circuit
for condenser CA3 through resistance DRa3, con~
tacts F§, TUI, CUS, CU2, B4, DS3, TU3 and BS,
and resistance R3. Upon expiration of the time
delay provided by the discharge of condenser
CA3, switch G operates to engage contacts Gd,
short-circuiting the last step of resistance SR
to bring the generator voltage up to full value,
thereby bringing the elevator car up to full
speed. It also engages contacts Gl to establish
a holding circuit for the coil of second accelerat-
ing switch F by-passing the car switch., This also
establishes a by-pass for contacts ES, G2, TU?,
CU4, CU2, B4, DS3, TU3 and BS in the discharge
circuit for condenser CA2. At the same time it
separates contacts G2 to obviate a possible un-
wanted circuit. It also engages contacts G3 to
short-circuit resistance R3.

The car is started in the down direction in a
similar manner by throwing the car switch to
its opposite position to bridge contacts CDi,
CD2, CD3, CD4 and CD5. Other than the fact
that the circuits are through the down contacts
of the car switch and terminal stopping switch
and that the down direction switch B is operated
Instead of the up direction switch A to cause
the car to travel in the down direction, the oper-
ation is the same as described for starting the
car in the up direction and will not be set forth.

To stop the car, the car switch is returned to
neutral position. This breaks the discharge cir-
cuit for condenser CA3, leaving the coil of third
accelerating switch G in series with the con-
denser across the feed lines. Thus, switch G is
maintained operated until condenser CA3
charges sufficiently to reduce the voltage applied
to the coil of switch G to below sustaining value.
Inasmuch as resistance R3 is all short-circuited,
the condenser charges very quickly so that switch
G drops out practically immediately. Acceler-
ating switches E and F, however, do not drop out

the armature of the ele-

TR T
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at this time, being maintained overated by their
holding circuits previously described. In drop-
ping out, switch G separates contacts G& to re-
insert a step of resistance SR in circuit with the
generator field winding, decreasing the generator
voltage to initiate slowing down of the car.

The third accelerating switch in dropping out -

also separates contacts Gi to break the discharge

circuit for condenser CA2, leaving the coil of

second accelerating switch F in series with the
condenser across the feed lines. As in the case
of switch G, switch F is maintained operated

until condenser CA2 charges sufficiently to re-

duce the voltage applied to the coil of switch F
to below sustaining value. Inasmuch as a portion
of resistance R2 is in the charging circuit, the
charging of the condenser is delayed so that
switch F is timed in dropping out, the extent of
the time depending upon the value of resistance
R2 in the charging circuit. In dropping out
switch F separates contacts F6 to reinsert an-
other step of resistance SR in circuit with the
generator fleld winding, decreasing the generator
voltage to further slow down the car. It also
engages contacts F4 to short-circuit the coil of
accelerating switch G.

The second accelerating switch in dropping out
also separates contacts Fi to break the discharge
circuit for condenser CAl, leaving the coil of first
accelerating switch E in series with the con-
denser across the feed lines. Thus, switch E is
maintained operated until condenser CAl charges
sufficiently to reduce the voltage applied to the
coil of switch E to below sustaining value, this
being delayed by the portion of resistance RI
remaining in circuit with -the condenser.
dropping out, switch E separates contacts E6
to reinsert the remaining step of resistance SR in
circuit with the generator fleld winding to further
decrease the generator voltage and further slow
down the car. It also engages contacts Ed to
short-circuit the coil of accelerating switch F.

The first accelerating switch in dropping out
also separates contacts El and E2. Assuming
that the car has been travelling in the up direc-
tion and up direction switch A is operated, the
circuit for the coil of switch A is broken by the
separation of contacts Ef. Switch A does not
drop out immediately being delayed by the dis-
charge of condenser CAA into its coil. Upon the
voltage across the coil decreasing to a certain
value the direction switch drops out to separate
contacts A8 and AT breaking the circuit for the
generator field winding. At the same time it sep-
arates contacts A3 to break the circuit for the
coil of brake switch H which drops cut to sepa-
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rate contacts H3 and HA. This breaks the cir-

cuit for the release coil of the electromechanical
brake and the brake is applied to bring the car
to a stop. At the same time contacts HS engage
to connect the generator fleld winding across the
generator armature, the polarity of this connec-
tion being such as to oppose the voltage of the
generator. .

In making a stop at a terminal floor under
conditions where the car switch is held in on
position, the dropping out of the accelerating
switches and direction switch is controlled by the
termina] stopping switch. Asume that the car
is approaching the upper terminal floor with the
car switch held In on position. As it arrives a
certain distance from this floor, terminal stop-
ping switch contacts TUI separate breaking the
discharge circuit for condenser CA3 permitting
the voltage applied to the condenser to build up
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to the voltage of the feed lines. This takes place
very quickly so that voltage applied to the coil
of switch G is reduced to below sustaining value
almost immediately, causing switch G to drop
out. It is to be noted that the separation of
contacts Gl does not break the discharge circuit
for condenser CA2 as contacts G2 engage to
maintain this discharge circuit through thecar
switch contacts. As the car continues its move-
ment, terminal stopping switch contacts TU2
separate to break the discharge circuit for con-
denser CA2. Thus the dropping out of switeh
F is delayed until the voltage across condenser
CA2 reaches a value to reduce the voltage applied
to the coil of switch F to below sustaining value.
However, further movement of the car opens the
terminal stopping switch contacts TU3 which
breaks the circuit for the coil of terminal stopping
switch TS. This switch drops out to separate
contacts TSI and TS2, contacts TS2 breaking the
circuit for the coil of switci F which drops out
immediately. Upon further movement of the car
to open terminal stopping switch contacts TU&
the circuit for the coil of first accelerating switch
E is broken and, contacts TS{ being separated,
this switch drops out immediately. Just before
the car reaches the upper terminal floor, ter-
minal stopping switch contacts TUS and TUG
open breaking the circuit for the coil of up di-
rection switch A. The discharge circuit for con-
denser CAA being connected outside contacts
TUS and TUS, this also breaks the discharge cir-
cuit for this condenser so that the up direction
switch A drops out immedijately. ~Switch A in
dropping out reengages contacts A5 which re-
establishes the circuit for the coil of switch
TS which operates to engage contacts TSI and
TS?2 to reestablish the charging circuits for. con-
densers CAl and CA2? respectively. Thus, in
making the stop at a terminal floor, distance
control of the retardation is effected. However,
should the car switch be centered during the
stopping of the car in response to the operation
of the terminal stopping switch say for the upper
terminal floor, as for example immediately after
the opening of terminal stopping switch contacts
TUS3, immediate dropping out of the up direction
switch and thus a sudden stop is prevented by the
discharge of condenser CAA into the coil of the
direction switch to maintain this switch oper-
ated. .

It is seen therefore that the timing of the oper-
ation of the switches is controlled in a very simple
and reliable manner by delaying the building up
of the voltage applied to the coils of these
switches by the discharge of condensers. The
duration of the time delay is dependent upon the
capacity of the condensers and the value of the
discharge resistances employed for these con-
densers, any fine adjustments being effected by
adjusting the value of the discharge resistances.
In controlling acceleration of a motor, each
switch upon ‘operation initiates the timing of the
next switch, thereby causing their operation in
timed sequence. Also, a very simple and reli-
able control of the timing of the dropping out of
switches is effected by delaying the building up
of the voltage across the condensers to decrease
the voltage applied to coils of the switches to
below sustaining value. Duration of the time
delay in the dropping out of the switches is de-
pendent upon the amount of resistance in series
In controlling retarda-
tion, each switch upon dropping out initiates the
building up of the voltage applied to the con-
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denser for the next switch to drop out, thereby
causing the switches to drop cut in timed se-
guence.

It is to be understood that the systems of con-
trol illustrated are simply by way of example,
The number of accelerating steps in each case
depends upon the requirements of the particular
installation, three being shown as illustrative,
The dropping out of the last accelerating switch
fc operate may be controlled so as to make it
instantaneous, if desired, as for example by open-
ing the charging circuit of its condenser by a
relay operated in response thereto and held in
until after the next switch drops out. Also, in
certain instances, the short-circuits for the coils
of the switches may be omitted. Although a car
switch control elevator system has been de-
scribed, it is to be understood that the invention
is applicable to other forms of elevator systems
such as push button control systems. The in-
vention is equally applicable to elevator systems
in which acceleraticn is timed but with retarda-
tion distance controlled, as for example in the
systems shown in the patent to Waters et al. No.
2,074,575 granted March 23, 1937, and the patent
to Waters et al. No. 2,100,176 granted November
23, 1937. The invention also is applicable to
other control systems in which the acceleration
of a motor is timed or in which both the accelera-
tion and retardation of the motor are timed,

Many elevator control systems are very com-
plex and admit many variations. In applying
the invention to such control systems changes
may be made with the view of adapting the in-
vention more readily to such systems. Other
changes may also be made which do not depart
from the spirit and scope of the invention. It is
therefore intended that all matter contained in
the above description and shown in the accom-
panying drawings shall be interpreted as illus-
trative and not in a limiting sense.

What is claimed is:

1.:An electromagnetic switch, a source of di-
rect current, a condenser connected to said source
in circuit with the coil of said switch 30 as to be
charged to the voltage of said source with the
coil deenergized, resistance, and means for ener-
gizing said coil to cause operation of sald switch
comprising means for connecting said resistance

in series with said coil and in parallel with said !

condenser to delay operation of said switch until
the condenser discharges to a point where the
voltage applied to said coil reaches operating
value.

2. An electromagnetic switch, a source of direct
current, a condenser connected to said source in
circuit with the coil of said switch, and discharge
resistance for said condenser adapted to be con-

‘nected in series with the coil of the switch and in
parallel with said condenser to cause the opera-
tion of said switch by discharging said condenser
50 as to build up the voltage applied to said coil.

3. A plurality of electromagnetic switches, a
source of direct current, a condenser for each
switch, each condenser being connected to said
source in ecircuit with the coil of the switch for
which it is provided so as to be charged to the
voltage of said source with such coil deenergized,
resistance for each switch, and means for caus-
ing operation of said switches in sequence com-
prising means for connecting said resistance for
one of said switches in series with the eoil of such
switch and in parallel with the condenser for such
switch to delay operation of such switch until the
condenser discharges to a point where the voltage
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applied to such coil reaches operating value and
means operable by each switch until all of said
switches have operated for connecting said re-
sistance for another of said switches in series
with the coll of such other switch and in par-
allel with the condenser for such other switch to
delay operation of such other switch until such
condenser discharges to a point where the volt-
age applied to such coil reaches operating value.

4. A plurality of electromagnetic switches
operating in sequence to control the starting of
an electric motor, a source of direct current, a
condenser for each switch connected to said
source in circuit with the coil of such switch

.while the motor is at rest, and discharge resist-

ance for each condenser adapted to be connected
in series with the coil of the switch for which the
condenser is provided and in parallel with such

" condenser to cause the operation of such switch

by discharging such condenser so as to build up
the voltage applied to such coil.

5. A plurality of electromagnetic switches for
controlling the operation of an electric elevator
hoisting motor during starting, a source of direct
current, means shunting the coils of said switches
while the elevator car is at rest, a condenser for
each switch connected in series with the shunted
coil of such switch to said source while the car is
at rest, discharge resistance for each condenser
adapted to be connected in parallel therewith,
and means for each switch for opening the shunt

‘circuit for the coil of such switch and connecting

the discharge resistance for the condenser for
such switch in parallel with such condenser to
delay the decrease In voltage across such con-
denser and thus the building up of the voltage
applied to the coil of such switch thereby delay-
ing the operation of the switch.

6. A plurality of electromagnetic switches op-
erating In sequence to control the operation of
an electric elevator hoisting motor during start-
ing, B source of direct current, means for shunt-
Ing the colls of sald switches while the elevator
car is at rest, a condenser for each switch con-
nected in serles with the shunted coil of such
switch to said source while the car is at rest, dis-
charge resistance for each condenser adapted to
be connected across the condenser upon the open-
Ing of said shunt for the coil of the switch for
which the condenser is provided to delay the de-
crease in voltage across the condenser and thus
the building up of the voltage applied to such
coll thereby delaying the operation of the switch,
and means responsive to starting of the car for
opening sald shunt for the coil of one of said

- switches and for connecting the discharge resist-
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ance for the condenser for such switch across sald
condenser and to the operation of each switch
for opening sald shunt for the coll of the next
switch and for connecting the discharge resist-
ance for the condenser for such switch across
sald condenser, . )

7. A plurality of electromagnetic switches op-
erating in sequence to control the starting of an
electric hoisting motor for an elevator car, a’
source of direct current, means for each switch
for shunting the coil of the switch while the car
is at rest, a condenser for each switch connected
In series with the shunted coil of such switch to
sald source so as to be charged to the voltage of
the source while the car is at rest, discharge re-
sistance for each condenser ‘adapted to be con-
nected across the condenser, means operable in
starting the car for opening sald shunt for the
coll of one of sald switches and for connecting
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the discharge resistance for the condenser for
such switch across said condenser, and means
responsive to the operation of each switch for
opening said shunt for the coil of the next switch

and for connecting the discharge resistance for -

the condenser for such switch across sald con-
denser, the discharge of each condenser and thus
the decrease in voltage across the condenser thus
being delayed upon the opening of the shunt for
the coil of the switch for which the condenser is
provided and the connection of the discharge re-
sistance for such condenser across the condenser,
thereby delaving the operation of such switch.
8. A plurality of electromagnetic accelerating
switches for short-circuiting resistance in steps
for controlling the operation of an electric hoist-
ing motor for an elevator car
source of direct current, means for each switch

during starting, a

18

for short-circuiting the coil of the switch while -

the car is at rest, a condenser for each switch
connected in series with the short-circuited coil
of such switch to said source so as to be charged
to the voltage of the source while the car is at
rest, discharge resistance for each condenser
adapted to be connected across the condenser to
delay the discharge thereof and therefore the de-
crease in voltage across the condenser upon the
removal of the short-circult for the coil of the
switch for which the condenser is provided,
thereby delaying the building up of the voltage
appled to such coil and thus delaying the oper-
ation of the switch, means operable in starting
the car for causing operation -of said short-cir-
cuiting means for the coil of one of said switches
to open the short-circuit and for connecting the
discharge resistance for the condenser for such
switch across said condenser, and means respon-
sive to the operation of each switch for causing
operation of said short-circuiting means for the
coil of the next switch to open sald short-circuit
and for connecting the discharge resistance for
the condenser for such switch across said con-
denser. o

9. A plurality of accelerating switches for
short-circuiting resistance in steps to control the
acceleration of an electric hoisting motor for an
elevator car, means- for each accelerating switch
for short-circuiting the coil of the switch, a
source of direct current, a condenser for each
switch connected in series with the short-cir-
cuited coil of such switch to said source so as to
be charged to the voltage thereof while the car
is at rest, resistance for each condehser.con-
nected in serles therewith, discharge resistance
for each condenser adapted to be connected
across the condenser and its series resistance to
delay the discharge of the condenser upon the
removal of the short-circuit for the coil of the
switch for which the condenser is provided,

thereby delaying the building up of the voltage’

applied to such coil and thus delaying the oper-
ation of .the switch, means operable in starting
the car for causing operation of said short-cir-
cuiting means for the coil of one of said acceler-
ating switches to break the short-circuit and for
connecting the discharge resistance for the con-
denser for such switch across sald condenser and

its series resistance, and means responsive to the,

operation of each accelerating switch for causing
operation of said short-circuiting means for the
coil of the next accelerating switch to break the
short-circuit and. for connecting the discharge
resistance for the condenser for such switch
across sald condenser and its serles resistance.
10. An electromagnetic switch, a source of di-
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rect current, a condenser connected to said source
in series with the coil of the switch, a shunt cir-
cuit for said condenser, means for breaking said
shunt circuit to increase the charge of said con-
denser to the voltage of said source to cause the
dropping out, of said switch, and resistance con-
nected in series with said condenser to delay
charging of said condenser and thus delay the
decrease in the voltage applied to such switch.

il1. A plurality of electromagnetic switches for
controiling retardation of an electric motor, a
source of direct current, a condenser for each
switch connected in series with the coil of such
switch to said source while the motor is running,
a shunt circuit for each condenser, means for
breaking the shunt circuits for said condensers
to cause the dropping out of the switches for
which the condensers are provided, and resist-
ance for each condenser in series with such con-
denser to delay the dropping out of the switch
for which the condenser is provided upon break-
ing the shunt circuit for such condenser.

12. A plurality of electromagnetic switches for
controlling retardation of an electric hoisting

motor for an elevator car, a source of direct

current, a condenser for each switch connected
in series with the coil of such switch to said
source while the car is running, a shunt circuit
for each condenser, means for breaking the shunt
circuits for said condensers to cause increase in
the voltage across such condensers and thus de-
crease in the voltage across the coils of the
switches for which the condensers are provided
to cause said switches to drop out, and resistance
for each condenser in series with such condenser
to delay the increase in the voltage across such
condenser to time the dropping out of. the
switches.

13. A plurality of electromagnetic switches for
controlling retardation of an electric hoisting
motor for an elevator car, a source of direct cur-
rent, a condenser for each ‘switch connected in
series with the coil of such switch to said source
while the car is running, a shunt circuit for
each condenser, means operable in initiating re-
tardation of the car for breaking the shunt cir-
cuit for the condenser for one ‘of said switches
to cause increase in the voltage across such con-
denser and thus decrease in the voltage across
the coil of such switch to cause such switch to
drop out, means operable upon dropping out of
each switch for breaking the shunt circuit for
the condenser for another of said switches to
cause increase in the voltage across such con-
denser and thus decrease in the voltage across
the coil of such switch to cause such switch to
drop out, and resistance for each condenser con-
nected in series therewith for delaying the in-
crease in the voltage across such condenser and
thus delaying the decrease in the voltage across
the coil of the switch for which the condenser
is provided to time the dropping out of the
switch. . .

14. A plurality of electromagnetic switches for
controlling retardation of an electric hoisting
motor for an elevator car, a source of direct
current, resistance for each switch connected in
series with the coil of such switch to said source
while the car is running, a condenser for each
switch connected in shunt to the resistance for
such switch, means operable in initiating retarda-
tion of the car for breaking the -circuit for the
resistance for one of said switches leaving the -
coil of such switch connected to said source in
series with the condenser. for such switch, caus-
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ing increase in the voltage across such condenser 17. A plurality of accelerating switches for con.
and thus decrease in the voltage across the coil trolling the acceleration and retardation of an
of such switch to cause such switch to drop out, electric elevator hoisting motor, a source of di-
means operable upon dropping out of each switch rect current, means short-circuiting the coils of
for breaking the ecircuit for the resistance for s said switches, a condenser for each acelerating
another of said switches leaving the coil of such — switch connected in series with the short-circuited
switch connected to said source in series with coil of such switch to said source so as to be
the condenser for such switch, causing increase charged to the voltage of the source while the
in the voltage across such condenser and thus elevator car is at rest, discharge resistance for
decrease in the voltage across the coil of such ;5 each condenser adapted to be connected across
switch to cause such switch to drop out, and the condenser to delay the decrease in voltage
resistance for each condenser connected in series across the condenser upon the breaking of the
therewith and with the coil of the switeh for short-circuit for the coil of the switch for which
which the condenser is provided for delaying the the condenser is provided, thereby delaying the
Increase in the voltage across such condenser 15 building up of the voltage applied to such coil,
and thus delaying the decrease in the voltage means operable in starting the car for breaking
across such coil to time the dropping out of such the short-circult for the coil of one of said ac-

switch, celerating switches and for connecting the dis-

15. A plurality of electromagnetic switches op- charge resistance for the condenser for such
erable in sequence to control the operation of 20 switch across such condenser, means responsive
an electric motor during acceleration and re- to the operation of each accelerating switch for

tardation, a source of direct current, a condenser breaking the short-circuit for the coll of the
for each switch connected to said source in series next switch and for connecting the discharge
with the coil of such switch while the motor is resistance for the condenser for such switch
at rest, discharge resistance for each condenser g BCross sald condenser, means for breaking the
adapted to be connected across the condenser discharge circuit for the condenser .for the last
to delay the decrease in voltage across the con- accelerating switch to Initiate slow down of the
denser, thereby delaying the building up of the car, means operable by each accelerating switch
voltage applied to the coil of the switeh for which upon dropping out for breaking the discharge
the condenser is provided, to time the operation 3o circuit for the condenser for the accelerating
of the switches during acceleration, means for switch next previously operated during accelera-

breaking the discharge circuits for said con- tion, and resistance for the condenser for each
densers to cause the dropping out of the switches accelerating switch except the last to operate
for -which the condensers are provided for re- during acceleration connected in series with such

tarding the motor, and resistance for the con- 35 condenser to delay the building up of the voltage
denser for each switch except the first to drop across the condenser and thus delay decreasing
out during retardation connected in series with the voltage applied to the coil of the switch for
such condenser to delay the increase in the volt. which the condenger is provided to below sus-
age across the condenser and thus the decrease taining value to delay the dropping out of the
in the voltage applied to the coil of such switch 40 switch upon the breaking of the discharge cir-
upon the breaking of the discharge circuit for cuit for such condenser,

such condenser, to time ‘he dropping out of the - 18. A plurality of accelerating switches for con-

switches during retardation. trolling resistance in steps to control accelera-

16. A plurality of electromagnetic switches op- ti
A on an rda
erating in sequence to control the operation of 45 for aax'x illcg:t;- 2:;1, c:: :guilc?tgccllli‘;iesgnguﬁzmr

an electric elevator hoisting motor during accel- - A
eration and retardation, a source of direct. cur- Theans for short clreuting the coils of the

switches while the car is at rest, a condenser
rent, a condenser for each switch connected in : .
series with the coil of squh switch to said source for each accelerating switch connected in series

1 with the short-circuited cofl of such switch to
while the elevator car is at rest 50 as to be g,
charged to the voltage of sald source with the tld source so a5 to be charged to the voltage of

i " the source while the car Is at rest, a resistance
coll deenerglzed, discharge resistance for each for each condenser connected in series therewith,

condenser adapted to be connected across the discharge
condenser to delay the decrease in voltage across to be cin;mn::r;: i;:hcgzxéc;;r;gr ;d;x;%:g
the condenser and thus the increase in voltage 85 the discharge thereof and therefore the decreacy

applied to the coil of the switch for which the — i volta
B€ Across the condenser upon the removal
* condenser is provided thereby delaying the op- of the short-circuit for the cofl oli)’othe switch ¥or
eration of the switch, means operable in start- which the cond

ing the car for connecting the discharge resist- ing the buildi
ance for the condenser for one of said switches 60 such coil and t
In parallel with such condenser, means respon- switch, meang
sive to the operation of each switch for con- breaking the s
necting the discharge resistance for the con- sald accelerating switches and for connecting the
denser for the next switch in parallel with such discharge resistance for the condenser for such
condenser, means for breaking the discharge cir- 65 switch acr

eult for the condenser for one of said switches Yo the operation of each accelerating switch for
to initiate slow down of the car, means operable breaking the sho -circuit for the coil of the next
by each switch upon dropping out for breaking accelerating switch and for connecting the dis-
the discharge circuit for the condenser for an- charge resistance for the condenser for such
other operated switch, and resistance for the con- 79 switch across said condenser, means responsive
denser for each switch except the first to drop to the operation of the last accelerating switch
out during retardation connected in series with for short-clrcujting said first named resistance
such condenser to delay the dropping out of the in series with the condenser for such switch to
sw;tch upon the breaking of the discharge cir- cause the voltage across the condenser to build
cuit for such condenser. 78 up quickly and thus the voltage applied to. the

hort-circult for the ‘coil of one of




coll of the switch quickly to decrease to below
sustaining value to cause sald switch to drop
out without appreciable delay upon the breaking
of the discharge circuit for such condenser,
means responsive to the operation of each pre-
viously operated accelerating switch for short-
circulting only a portion of said first named re-
sistance in series with the condenser for such
switch to delay the building up of the voltage
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below sustaining value to delay the dropping out
of the switch upon the breaking of the discharge
circuit for such condenser, means for breaking
the discharge circuit for the condenser for sald
last accelerating switch to initiate slow down of
‘the car, and means operable by each accelerat-
ing switch upon dropping out for breaking the
discharge circuit for the condenser for the ac-
celerating switch next previously operated during

across the condenser and thus delay decreasing 10 acceleration.

the voltage applied to the coil of the switch to
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