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My invention relates to motor-control sys-
tems and has particular relation to control
systems, elevator hoists, and the like.

An object of my invention is to provide a

. control system for elevators operated. by

Ward-Leonard or variable-voltage drive
wherein the driving generator will be self-
excited. ,

Another object of my invention is to pro-
vide a control system for elevators of the
type using variable-voltage drive wherein
the generator is arranged to be self-excited in

roportion to the load on the motor to there-
gy obtain accuracy of speed regulation of

- the motor at low speeds.

In modern elevator equipment, it is desir-

able that the elevator shall be operated at the -

highest practicable speed in order to reduce
the running time to the lowest possible value,
gince the construction of tall buildings re-
quires that the elevator shall travel long dis-
{ances. With elevators operating at high
speeds, the rate of acceleration and decelera-
tion should be as rapid as possible in order to
reduce unnecessary loss of time in moving
the elevator. Moreover, the time required to
accelerate and decelerate should be the same
for all conditions of loading in order that

~ accurate stops may be made level with the
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landings served by the elevator, with a mini-
mum loss of time occasioned by over-run-
ning and under-running the floor.

Accuracy of speed regulation of the ele-
vator motor independent of the load in the
elevator car provides the attendant with a
ready means for determining the position of
the ear with reference to the floor at which
he must initiate deceleration in_order to
bring the car to an accurate stop level with
the floor.

The solution of the problem of accuracy
of speed regulation has been attempted in
many ways, such as by cumulatively com-
pounding the generator to such degree as will

5 substantially obtain constant-speed regula-

tion and I propose to add to such cuamulative
compounding a further compounding of the
generator by utilizing the main or separate-
Iy-excited-field winding on the generator as
a device for regulating the voltage supplied

1928. Serial No. 269,497.

to the motor in accordance with the load on
the motor. The manner in which I propose
to accomplish this result is to provide a con-
nection for the ‘generator-separately excited
field winding to the elevator-motor armature
in such manner that, under the condition of
decelerating the motor, this winding will act
as a self-excited field winding deriving a por-
tion of its exciting current from the motor
and generator-armature terminals. Hence,
the degree of self-excitation will’ depend
upon the load on the elevator car and will
vary in accordance with variations in the
load, and the stopping of the elevator car
level with the floor may thus be accomplished
with a greater degree of accuracy. i

1t is obvious that the landing speed of an
elevator. motor operating under heavy lift-
ing-load ccnditions should be sli htly great-
er than when operating under heavy over-

hauling-load conditions, since the time re-

quired for deceleration under lifting loads
will be shorter than that for over%auling
loads due to the influence of gravity on the
loaded car. Hence, to make the slow-down
distance, that is, the distance between the
point of initiating deceleration from the
landing speed and the final stopping of the
car, will be the same under either overhaul-
ing or lifting loads if the effect of gravity
is compensated. The utilization of self-ex-
citation for the generator field winding is
one method of accomplishing this compensa-
tion.

My invention will be described with refer-
ence to the accompanying drawings, wherein

Figure 1 illustrates an elevator-control sys-
tem of the variable-voltage automatic-land-
ing type, and

Fig. 2 is a diagrammatic view of speed-
voltage curves illustrating the effect of self-
excitation of the generator field winding.

Referring to the drawings, I have illus-
trated, in Fig. 1, an elevator car C suspended
upon a cable Ca which passes over a hoist-
ing drum to a counterweight Cw. Directly
coupled to the hoisting drum D, is the arma-
ture EM’ of an elevator motor EM having
its field winding EMF connected, for excita-
tion, to a suitable source of power designated
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by the reference characters L1 and L2. The

‘armature EM’ is connected in loop circuit

with the armature G’ of a generator G. The

rnerator G is of the compound-wound (tiype

aving a separately-excited-field win ing
GF and a series field winding GSF. The
generator ( is driven by means of any suit-
able. motor M, illustrated as of the shunt-
wound type having an armature M’ and a
shunt field winding MF. -

The direction and speed at which the ele-
vator car C is to operate is controlled by up

- and down-direction switches 1 and 2, respec-
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tively, and a speed switch 8. The switches
are, in turn, controlled through the opera-
tion of a car switch Cs on the car.
ation of direction switches 1 and 2 deter-
mines the direction of the exciting current
supplied to the separately-excited-field wind-
ing GF, while the speed switch 3 determines
the value of such exciting current. The sep-
arately excited field winding GF, in addition
to being supplied with exciting current by
means of the direction switches, has a con-
nection to the armature EM’ of the elevator
motor by means of a circuit containing &

* relatively high resistance (resistor 5), which
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-contact members 11, 12 an.

“ductor relay 17 and

normally renders the effect of such connec-
tion negligible. To render the field-wind-
ing connection to the armature circuit ef-
fective, a switch 4 is provided for shunting a
portion of the resistor 5. ’ ,

My system will best be understood with
reference to an assumed operation. Assum-
ing that it is desired to start car C upwardly,

‘the car switch Cs may be actuated, in a coun- GF

ter-clockwise direction, to supply energizing
current to up-direction switch 1. The cir.
cuit for up-£rection switch 1 extends from
line conductor L1, through conductor 10,

(f 18 on car-switch
Cs, conductor 14, the coil of up-direction
switch 1, conductors 15 and 16, normally
closed contact members 17 of a stopping in-
conductor 18, to line con-
ductor L2. * Actuation of up-direction switch
1 completes a circuit for exciting separately
excited field winding GF for the generator
G, which circuit extends from line conductor
L1, through conductors 19 and 20, contact
members f of up-direction switch 1, conduc-
tor 21, separately excited field winding GF,
conductors 22 and 23, contact members g of
up-direction switch 1, conductor 24, resistor
25 and conductor 26, to line conductor L2,
The energization of separately excited field
F will cduse the generator G to
supply voltage to the armature EM’ of the

motor EM in accordance with the value of

the excitation current, as determined by re-
sistor 25.

Up-direction switch 1 also completes a self-
holding circuit for itself which extends from

_ line conductor L1 through conductors 19 and

65

20, contact members b on up-direction switch

The actu- be
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1, conductors 21 and 27 , the coil of up-direc-

tion switch 1, conductors 15 and 16, contact
members 17’ of inductor relay 17 and con-
ductor 18 to line conductor L2, Hence, cen-
tering of the car switch thereafter will per-
mit the elevator car to continue operating at
its slow speed. -

If it is desired to operate the car C at a
higher speed, car switch Cs may be actuated
to a further position, in a counter-clockwise
direction, to complete a circuit for speed
switch 8, which circuit extends from line con-
ductor L1, through conductor 10, contact
members 11, 12 an 28, conductor 29, the coil
of speed switch 3, conductor 30, contact mem-
rs 31" of up-slow-down inductor relay 317,
conductor 32, contact members 33’ of down-
slow-down inductor relay 33 and conductor
34, to line conductor L. Speed switch 3
shunts resistor section 25 from the separately-
excited field-winding circuit through actua-
tion of contact members a on this switch,
while actuation of contact members 3 on this
switch completes a self-holding circuit for
speed switch 3 extending from line conductor
L1, through conductors 19 and 35, contact
members & of speed switch 3, conductor 36,
the coil of speed switch 3, conductor 30, con-
tact members 81’ of up-slow-down inductor
relay 31, conductor 32, contact members 33’ of
down-slow-down inductor relay 33, and con-
ductor 84, to line conductor Lo. The elevator
car C will, therefore, be driven at a speed
corresponding to the full line-voltage excita-
tion of the separately-excited

Variations in the load on elevator car C
would normally cause variations in the speed
at which the elevator motor would o erate
and. for this reason, the series-field winding
GSF, for the generator G, is connected in
the loop circuif to supply greater or lesser
excitation for the generator ( in accordance
with the load on the car and, if properly ar-
ranged, the motor EM
stantially the same speed, regardless of vari-
ations in load upon the car, However, as

will be hereinafter set forth, the value of .

series field which may be used on the gen-
erator is limited by the value of the separate-
ly-excited field which is used. :

To stop the elevator car, when operating at
its high speed, the car switch (' may be re-

‘turned to 1ts central or “off” position, as illus-

trated. Movement of the car switch Cs to this
position energizes the operating coils of in-
ductor relays 81 and 17, or 33 and 17, de-
pendent upon the direction in which the car
Is traveling. Tt will be observed that up-
direction switch 1 is provided with an addi-
tional contact member ¢ which, when actu-
ated, partially completes a cireuit for ener-
gizing inductor relays 31 and 17, which cir-
cuit 1s completed by moving the car switch
Cs to its off position. The. completed cir-

field" winding 1
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cuit for relays 81 and 17 extends from line
conductor L1, through conductor 10, contact
members 11, 12 and 37, conductors 38 and 39,
contact members ¢ on up-direction switch 1,
conductor 40, the coil of inductor relay 31,
conductor 41, the coil of inductor relay 17
and conductor 18, to line conductor L2.
However, with the circuit just described com-
pleted, the car C will continue to operate at
its highest speed until inductor relay 381
asses an inductor plate 31”7 (one of which
1s mounted in the hatchway adjacent each of
the floors past which car C moves). Move-
ment of relay 31, now energized, past in-
ductor plate 31 causes actuation of the relay
to open its contact member 31’, thus releas-
ing the holding circuit for speed switch 3.
Speed switch 3, when deenergized, reinserts
resistor section 25 in the circuit for the sepa-
rately-excited field winding GF, and the ele-
vator motor EM will be decelerated to its
slow landing speed operating condition.
Speed switch 3, when’ deenergized, also
closes, by means of its contact members ¢, a

5 circuit for relay 4, which circuit extends from

line conductor L1, through conductors 19 and
35, contact members ¢ of speed switch 3, con-
ductor 42, the coil of relay 4 and conductors
43 and 44, to line conductor L2. Relay 4,
when energized, completes a circuit for a por-
tion of resistor 5 from the generator field
winding circuit GF.

The separately excited field winding GF
for generator G 1s normally connected to con-
ductors 45 and 46 (constituting the loop cir-
cuit for armatures G’ and EM’, respective-
ly,) by way of conductor 47, resistor 5, con-
ductor 48, field winding GF and conductor
49. Relay 4, therefore, when actuated, shunts
resistor section 5 by way of conductors 50
and 51.

Tt will be understood by those skilled in the
art of dynamo-electric machinery that the
effective voltage supplied to elevator motor

3 armature EM’ will correspond to the excita-

tion voltage impressed upon the separately
excited field winding GF of the generator G
minus, however, the voltage required to over-
come the resistance in the loop circuit, that
is, the sum of the resistances of the conduc-
tors and the internal resistances of the gen-
erator and the motor armatures, respectively.
The voltage drop in the loop circuit is de-

‘pendent upon the load in amperes which

passes through this circuit. Hence, for any
given load, the voltage drop in the circuit
will be constant for all values of voltage sup-
plied to field winding GF.

Referring to Fig. 2, I have graphically
illustrated a speed-time curve indicating the
impressed voltage and the effective voltage to
illustrate the point that the voltage drop in
the loop circuit is not noticeable at high
speeds but becomes important as the speed of

5 the motor is reduced. Curve 60 illustrates the

3

speed curve which would be obtained if all
of the excitation voltage were effective. That
is, at zero volts the speed of the motor is zero,

" at 240 volts the speed of the motor is, for ex-

ample, 100 R. P. M. However, due to the
drop in potential in the loop circuit, the speed
actually obtained is approximately 96
R. P.” M, a difference of 4 R. P. M.
However, at low speeds, a landing speed,
for example, of 15 R. P. M. is_obtained,
a voltage drop, equivalent to 4 R. P. M,
is almost one-third of the desired speed
of the car. If, however, at this low
speed, additional excitation be supplied to the
generator, the variation in speed due to volt-
age drop in the loop circuit will be com-
pensated.

As will be observed from an inspection of
Fig. 1, the point in the cycle of operations of
the car C at which relay 4 will be deenergized,
is that point at which the speed of the car is
increased from low landing speed to high
speed. Hence, until this time, a portion of
the current in the loop circuit will pass
through the generator-separately-excited
field winding GF, causing excitation of this
winding in addition to the excitation sup-
plied from the separate source of power.

Referring to Fig. 2, 61 illustrates the ac-
tual speed of the car at given load due to the
loss in the loop circuit. The portion of the
curve between the origin and point 63 rep-
resents the rate at which the car will accel-
erate from zero speed to the speed determined
by the value of the generator field as limited
by resistor 25, with no additional or com-
pensating excitation. Such speed is indi-
cated at 67, or about 12 R. P. M., for exam-
ple. On curve 60, the portion from the origin
to the point 64 represents the rate at which
the car will accelerate from zero speed to a
speed determined by the resistor 25, plus the
additional excitation supplied the generator
when relay 4 shunts a portion of resistor 5 to
divert part of the generated current through
the generator field, which speed is about 15
R. P. M. Thus, it will be observed that the
car speed has been raised from 12 R. P. M,
which would be its normal speed, at this
value of excitation, to the desired speed of
15 R. P. M. The condition just described
represents the effect of a heavy lifting load,
that is, the elevator car C is heavily loaded
and the car is moving in an upward direction.
For lighter lifting loads, normal speed val-
ues between 12 and 15 R. P. M. will be at-
tained (see curve 65) since, at smaller values
of load upon the car, a smaller voltage drop
in the armature circuit will be obtained. But
the voltage produced by the generator will be
lower, under these conditions, due to the ef-
fect of the series field winding. Since the
voltage is lower, the value of self-excitation
produced will be lower and the speed of the

-car will be raised a proportionally smaller
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amount to thereby approach the desired
speed of 15 R. P, My Hence, the speed of the
car will be maintained substantially constant
for all loads.

On the other hand, with an overhauling-
load condition, deceleration of the car C
would normally be along curve 66, that is at a
higher speed than desired, however, this con-
dition causes a current to flow in the loop cir-
cuit, which current, it will be understood, isin
opposition to the current normally supplied
to the separately-excited field winding GF.
Hence, under overhauling-load conditions,
the effect of self-excitation of the generator
field winding GF will be to reduce the effec-

" tive voltage instead of increase it and the car
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C speed will be reduced to approach the de-
sired 15 R. P. M. curve.
The value of the effect of such self-excita-

tion may be adjusted to over-compensate for

the voltage drop in the armature circuits by
adjusting resistor 5 to cause the speed to be
in proportion to the positive load.

The direct result of this over-compensa-
tion and the resulting variation in speed is
that, where the slow-down distance is fixed by

the location of inductor plates 817/, the time

required for the car to traverse the distance
between the inductor plate and the floor is de-
pendent upon the speed with which the car
moves. Since gravity operates always in the
down direction, it assists in decelerating the

‘car when operating under lifting load and de-

tracts from the deceleration under overhaul-
ing loads, the variations in speed just de-
scribed may be so adjusted as to compensate
for the effect of gravity, and the distance re-
quired to decelerate the load will be constant.

In addition, it will be observed that, for
ordinary speed regulation, the degree of com-
pounding permissible is limited by the effec-
tive strength of the separately-excited field
since the largest series field which may be used
must not exert a force greater than that ex-
erted by the separately-excited field, other-
wise, under regenerative braking conditions,
the field of the generator will be reversed and
cause a sudden pause in the motor operation,
sometimes sufficient to start the motor in the
opposite direction or, at least, to cause the mo-
tor to come to a complete stop. However, if,
during deceleration, the separately excited
field is made additionally strong, a larger se-
ries field winding may be used, by just that de-

. gree with which the separately excited field

is strengthened. An advantage of a larger
series field is that acceleration may be made
more rapid.

It-will be observed, therefore, that, with my
system of additionally exciting the separate-
ly-excited field winding, the advantages of
compensation for the effect of gravity under
different load conditions is obtained, as well
as the advantage of permitting the use of a

1,853,640

stronger series field on the generator of the
driving equipment.

It is to be understood that the apparatus
just described is illustrative only and that I
do not desire to be limited to the specific de-
vices shown, except insofar as they are speci-
fied in the appended claims.

I claim as my invention-—

L. In an elevator-control system, a motor, a

.generator, having a separately excited field

Windin%, for supplying voltage to said motor,
means for controlling the excitation of said
generator to start and stop said motor and to
control the speed thereof, and means for con-
necting said field winding to said generator
for self-excitation in addition to said sepa-
rate excitation when said control means is ac-
tuated to reduce the speed of said motor.

- 2. In an elevator-control system, an eleva-
tor motor, a generator for supplying voltage
thereto, including an armature and a sepa-
rately excited field winding, means for con-
trolling the direction and value of excitation
of said field winding to control the direction
and speed of movement of said motor, a cir-
cuit including a high resistance normally con-

necting said field winding to said armature .

for self-excitation, and means for reducing
the resistance in said circuit when said con.
trol means is actuated to reduce the speed of
said motor. . ‘

3. In an elevator-control system, an ele-
vator motor, a generator for supplying volt-
age thereto, including an armature and a
separately excited field winding, means for
controlling the direction and value of exci-
tation of said field winding to control the di-
rection and speed of movement of said mo-
tor, a normally ineffective circuit connecting
said field winding to said armature for self.
excitation in addition to said separate ex-
citation, and means.operable by actuation of
said control means to reduce the speed of said
motor for rendering said circuit effective.

4. In an elevator-control system, an eleva-
tor motor, a generator for supplying voltage
thereto, including an armature and a sepa-
rately excited field winding, means for con-
trolling the direction and value of excitation
of said field winding to control the direction
and speed of movement of said motor, a cir-
cuit connecting said field winding and said
armature for self-excitation and including
such values of resistance as will prevent ef-
fective self-excitation of said field winding,
and means operable by actuation of said con-
trol means to reduce the speed of said motor
for excluding a portion at least of said re-
sistor from said circuit.

5. In an elevator-control system, an eleva-
tor, a motor, & generator for supplying volt-
age thereto, including a separately excited

field winding and an armature, means for

controlling the separate excitation of said
generator to operate said car at a plurality
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of speeds, means operable in corres ndence
with movements of said elevator for auto-
matically actuating said controlling means
to decelerate and stop said motor, and means
operable by actuation of said last-named
means for connecting said field winding to
said armature for self-excitation in addition
to said separate excitation.

6. In an elevator-control system, an eleva-
tor, a motor, a generator for supplying volt-
age thereto, including 2 separately excited
field winding and an armature, means for
controlling the separate excitation of said
generator to operate said car at a plurality of
speeds, means operable in correspondence
with movements of said elevator for auto-
matically actuating said controlling means to
decelerate and stop said motor, and means op-
erable by actuation of said last-named means
for connecting said field winding to said ar-
mature for self-excitation in addition to said
separate excitation, and means for determin-
ing the value of such self-excitation.

. In an elevator-control system, an eleva-
tor, & motor therefor, a generator for sup-
plying voltage to said motor, including 2
separately excited field winding and an ar-
mature, means for controlling the separate

excitation of said field winding to operate

caid motor at zero speed, a landing speed
and at least one higher speed, means operable
in correspondence with movements of said
elevator for actuating said controlling means
to decelerate and stop said elevator, and
means operable by actuation of said control-
ling means to decelerate said elevator to said
landing speed for connecting said field wind-
ing to said armature for self-excitation in
addition to said separate excitation.

g. In an elevator-control system, an ele-
vitor motor, a generator for supplying volt-
age thereto having an armature, a separate-
ly excited field winding and a series field
winding, said field windings being so de-
signed as to obtain- at least constant-speed
regulation of said motor independent of load,
means for controlling the separate excitation
of said separately excited field winding to
contro! the speed of said motor and means op-
erable by actuation of said ¢ontrol means to
stop said motor for connecting said separate-
ly excited field winding to said armature for
colf-excitation in addition to said separate
excitation, whereby a greater series field
strength may be used in proportion to the
value of such self-excitation.

9. In an elevator-control system, a motor,
a generator for supplying voltage thereto In-
cluding an armature and a separately ex-
cited field winding, means for controlling the
separate excitation of said field winding to
start to accelerate and decelerate said motor
and means operable during deceleration of
said motor for connecting said field wind-
ing to said armature for self-excitation in

5
) .
addition to said separate excitation in ac-
cordance with the positive load on said mo-
tor, and means
of such self-excitation as to compensate for
the effect of gravity on variable loads on sal
elevator. _ ‘

10. In a motor-control system, a motor, a
generator for supplying voltage to said mo-
tor, a separately excited field winding for said
generator and a source of excitation there-
for, means for controlling the excitation of
said generator to control the speed of said
motor, means to supply an additional addi-
tive component of excitation for said gener-
ator comprising Ineans
winding to a voltage proportional to the
voltage of said generator, and means respon-
sive to the actuation of said control means
to reduce the speed of said motor. for render-
ing said additional means effective.

11. In a motor-control system, a motor, a
generator for supplying voltage to said mo-
tor, a source of excitation for said generator,
means for controlling the value of said source
to cause said motor to operate at a plurality
of speeds, means for cumulatively compound-
ing said generator to
said motor at a value determined by said
control means, means for supplylng an addi-
tional cumulative component of excitation
for said generator, and means operably re-
sponsive %o the actuation of said control
means %o cause said motor to operate at a
relatively low spced for rendering said ad-
ditional means effective.
~12. Ina motor-control system, a motor, a
generator for supplying voltage to said mo-
for, a separately excited field winding for
said generator and a source of excitation
therefor, means for controlling the value of
said source to cause said motor to operate ab
a plurality of speeds, means for cumula-
tively compounding said generator to main-
tain the speed of said motor 2t a value deter-
mined by said control means, and means for
supplying an additional cumulative compo-
nent of excitation to said gemerator when
said motor is operating at relatively low
speeds comprising means to subject said
winding to a voltage proportional to the
voltage of said generator.

18. In a motor-control system, a motor, a
generator for supplying voltage to said mo-
tor, a separately excited field winding for
said generator and a source of excitation
therefor, means for controlling the value of
said source to cause-said motor to operate at
a.plurality of speeds, means for cumulatively
compounding said generator to maintain the
speed of said motor at a value determined
by said control means, means for supplying
on additional cumulative component of exci-
tation to said generator comprising means to
subject said winding to a voltage propor-
tional to the voltage of said generator, an

for so determining the value.

for subjecting said.
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means operably responsive to the operation
of said c%;trolymt;t;“rll)s to cause said xllztor to
operate at a relativel{ slow speed for ren-
dering said additional means effective.

8’ 14. In a motor-control system, & motor, &
generator for supplying voltage to said mo-

- tor, a separately excited field winding for
said generator and a source of excitation
therefor, means for controlling the value of

10 'said source to cause said motor to operate at
a plurality of speeds, means for cumulatively
compounding said generator to maintain the
speed of said motor at a value determined
by said control means, means for supplying

15 "an additional cumulative component o¥ exci-
tation to said generator comprising means to -
subject said winding to a voltage propor-
tional to the voltage of said generator, and

: means operably responsive to the operation

20°0f said control means to cause said motor to
operate at a relatively slow speed for in-
creasing the proportion of the voltage of said -
generator to which said winding is subjected.
In testimony whereof, I have hereunto sub-

28 “scribed my name this 11th day of A ril, 1928,

: : ' DANILO SANTINI.

85



