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1. 
This invention relates to systems for 

controlling moving bodias, and it has particular 
relation to Systems for bringing moving bodies, 
Such as elevator cars, to accurate landings at a 
desired station or floor. 
In Systems for conti'olling noving bodies, such 

as hoists and elevatoir cars, it is desirable that 
the moving body be brought accurately to a 
stop adjacent any desired station or floor. For 
example, if an elevator car serves several floors 
of a building, it is desirable that control equip 
ment be provided for bringing the car to a stop 
at any desired floor with the floor of the car 
and the associated floor of the building substan 
tially in the same plane. 
In any elevator Systems, it is desirable to 

provide a simple motive means which may in 
clude a polyphase induction motor. Such a 
notor has a rate of rotation which varies as a 
function of the load connected to the motor. 
This means that the speed of an elevator car 
driven by Such an induction notor varies as a 
function of the loading of the elevator car. 
In order to stop an elevator car accurately at 

a desired floor or station, it is conventional to 
employ inductor plates at each floor for the 
purpose of controlling an inductor relay located 
on the elevator car. Jr. such a System, when the 
elevator car is at a predetermined distance from 
a desired floor, the inductor relay operates to 
apply a brake to the elevator car and to deen 
ergize the motive means for the elevator car. 
The elevator car then is intended to drift until 
it stops with its floor in alignment with the 
desired foci of the building. 
The di'ift, of an elevator car following applica 

tion of a predeteriained braking effort thereto, 
depends on a number of factors which include 
the total mass of the moving system, the unbal 
anced force applied to the moving System, and 
the square of the final Speed of the moving SyS 
tem. Since these factors all vary as a function of 
load in the elevator system herein discussed, it 
follows that the drift of the elevator car also is 
a function of the load and the elevator car cannot 
stop accurately in the desired position for all 
loads within the rated capacity of the elevator 
Cal. 
In accordance with the invention, the braking 

effort applied for the purpose of stopping the ele 
wator car is varied as a function of the load car 
ried by the elevator car to bring the elevator car 
to an accurate stop at any desired floor or station 
for any load within the rated capacity of the 
elevator car. To this end, an output voltage is 
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provided which varies as a function of the load. 
Since the elevator car moves at a speed depend 
ent upon the load thereof, the desired output 
Voltage may be obtained from a generator cou 
pled to the induction motor which drives the ele 
vator car. The output voltage is applied to an 
electromagnetic device for the purpose of in 
creasing the braking effort applied to the elevator 
car. By properly relating the output voltage to 
the Speed of the elevator car, the elevator car may 
be stopped accurately at any desired floor of a 
building when carrying any load within its rated 
capacity. 

It is therefore, an object of the invention to 
provide an improved system for stopping a 
moving body at any desired station. 

It is a further object of the invention to provide 
an elevator System with braking means which 
develops a braking effort varying as a function 
of the load on the elevator system. 

It is a still further object of the invention to 
provide an elevator system with a generator for 
producing an output voltage which varies as a 
function of the load on the associated elevator 
car and a brake for the elevator car which pro 
duces a braking effort having a value dependent 
on said output voltage. 
Other objects of the invention will be apparent 

from the following description, taken in conjunc 
tion with the accompanying drawing, in which: 

Figure 1 is a schematic view of an elevator 
System embodying the invention; 

Fig. 2 is a view, in elevation, of brake appa 
ratus Suitable for the elevator system of Fig. 1 
with circuit elements schematically shown; 

Fig. 3 is a schematic view of a control circuit 
suitable for the elevator system of Fig. 1; and 

Fig. 3A is a straight-line diagram showing the 
relationship between relay coils and relay con 
tacts employed in the control circuit of Fig. 3. 
In describing a specific embodiment of the 

invention, reference will be made to the following 
apparatus: 
D-down relay 
M-car-running relay 
P-inductor plates 
R-regulating relay 
S-floor-stopping relay 
T-auxiliary stopping relay 
U-up relay 

Referring to the drawing, Fig. 1 shows an ele 
vator car f which is mounted for reciprocation 
in a vertical direction in a structure, such as a 
building. Although the building may have a 
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large number of floors, for the purpose of Sim 
plicity in illustration only one floor 3 is illus 
trated in Fig. 1. It will be understood that a 
hatchway 5 extends through all floors of the 
building to permit passage of the elevator car 
therethrough. 
The elevator car i is secured to one end of a 

flexible cable which passes over a sheave 9. The 
remaining end of the cable is Secured to a Suit 
able counterweight . The sheave 3 is secured to 
a shaft 3 for rotation therewittin in a Suitable 
bearing structure 5. 
For the purpose of reciprocating the elevator 

car, motive means are provided which include 
a three-phase induction motor it having three 
phase windings fia, b and ic. The rotor id 
of the induction motor is secured to the Shaft 3. 
In order to stop the elevator car, a brake drun 

i 9 is secured to the shaft 3. This brake drun 
has associated therewith a brake shoe 2 which 
is biased against the drum 9 by means of a coil 
spring 23. Since the brake shoe 2 should be re 
tracted from the drum 9 during normal running 
operation of the elevator car, a Solenoid B is pro 
vided which has a laagnetic core 25 secured to the 
brakeshoe 2. When the solenoid B is energized, 
the brake shoe 2 is retracted from the drum 
39 against the force exerted by the Spring 23. 
Movement of the elevator car is controlled 

in part by a car switch CS mounted in the elevator 
car. In addition, the elevator car carries an 
inductor or floor-stopping relay S which is po 
sitioned to pass inductor plates UP and DP carry 
ing reciprocation of the elevator car in its hatch 
way. The inductor plate DP is for the purpose 
of controlling the stopping of the elevator car 

as the car descends toward the floor 3. The 
inductor plate UP is for the purpose of control 
ling the stopping of the elevator car as it ascends 
toward the floor 3. It will be understood that 
a similar pair of inductor plates are provided for 
each of the floors served by the elevator car. 
The portions of Fig. 1 thus far specifically de 
scribed are well-known in the art, and a detailed 
discussion thereof is believed to be unneceSSary. 
As previously pointed out, the drift of the car 

l, after the spring 23 has applied the brake shoe 
2 to the drum 9, depends on the loading of the 
car. To compensate for variations in such load 
ing, a generator 27 has its rotor secured to the 
shaft 3. Although an alternating-current gen 
erator may be employed, it will be assumed for 
the purpose of discussion that the generator 
2 is a direct-current generator having a Sep 
arately-excited field winding F. It will be under 
stood that the output voltage of the generator 
27 varies as a function of the load on the ele 
wator car . The output voltage is connected 
through contacts T of a suitable relay and a 
variable resistor 29 to a solenoid B2. This sole 
noid has a magnetic core 3 connected to the 
brake shoe 2 A. Energization of the Solenoid B2 
increases the braking effort developed by the 
brake shoe 2 and the drum 9 in accordance 
with a function of the load carried by the elevator 
car . 

If the output voltage of the generator 27 varies 
linearly with the load on the elevator car , and 
if the force developed by the solenoid B2 and the 
magnetic core 3 varies as the square of the en 
ergization thereof, the braking effort will be 
increased by a component which varies as the 
square of the load. Such a relationship is Suit 
able for many elevator installations. However, 
the characteristics of the generator 27 may be 
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4. 
varied as desired, by providing a series field SF 
therefor and by varying the compounding of the 
generator to obtain the desired characteristics. 
The increase in braking effort also may be ad 
justed to a Substantial extent by adjustment of 
the variable resistor 29. 
A brake assembly suitable for the System of 

Fig. 1 is illustrated in Fig. 2. It will be observed 
that the drum 9 has associated therewith two 
brake Shoes 2d and 2b. These brake Shoes are 
pivoted respectively to brake arms 33d and 33b. 
The arms, in turn, are pivotally secured by 
means of pivots 35a, and 35b to a support 37 
which is secured to the associated building. 

For biasing the brake Shoes 2 cl and 2 b toward 
the drum 9, two coil springs 23d, and 23b are 
provided. The coil spring 23d is located between 
the ari 33d and the Washer 390, which is re 
tained on a pin if a by means of a nut 43a. The 
pin 4c is pivotally secured to part of the support 
ing structure 3. The coil spring 23b similarly 
is aSSociated with the arm 33b. 

In order to urge the brake shoes 2 a. and 2 ft) 
away from the associated drum 9, bell cranks 
É5a and 5b are pivotally secured to the supporting 
structure 37. The bell crank 45a has an arm en 
gaging a pin 42d which is secured to the arm 33a. 
Similarly, the bell crank 45b is associated with 
a pin 4 at Secured to the arm 33b. The bell cranks 
E5a and 45b have additional arms positioned to 
engage a plunger 69 which is secured to the mag 
netic core 25 of the solenoid B. Upon energi 
Zation of the solenoid B, the plunger 49 moves 
downwardly, as viewed in Fig. 2, to force the 
brake shoes 2 a. and 2 b away from the drum 9. 
The structure of Fig. 2 thus far specifically de 
Scribed is similar to brake assemblies commonly 
employed in the art. 

In order to adjust the braking effort developed 
by the brake assembly, a machine Screw 49a, 
passes through the arm 33d and is slidably re 
ceived in a bearing 5 d, which is secured to the 
Supporting structure 3. At its free end, the ma 
chine screw 49a, is attached to a magnetic core 
Sia which is disposed within the solenoid B2. 
In a similar manner, the machine screw 49b is 
asSociated with the arm 33b and a magnetic ar 
nature 3 lb disposed within the solenoid B2. By 
inspection of Fig. 2, it will be observed that when 
the solenoid B2 is energized, the magnetic cores 
Sid and 3 it are urged toward each other to 
force the brake shoes 2 cl and 2 b against the 
drum 9 with increased pressure. 
The ratio of the braking efforts developed by 

the Springs 23a and 23b to the maximum brak 
ing effort developed by the solenoid depends on 
the characteristics desired. She proportion of 
the retarding force supplied by the solenoid B2 
may be larger for higher speed elevators than 
for slow Speed elevators. Preferably the springs 
Should be capable of holding the elevator when 
full torque is applied thereto. For the slow speed 
elevators hereinafter discussed (such as those 
traveling 100 feet per minute or less), it is as 
Sumed that the Solenoid B2 supplies a small pro 
portion of the braking effort developed by the 
Springs. The same principles may be employed 
for elevators traveling at higher speeds, 

Referring now to the control circuit illustrated 
in Fig. 3, it will be observed that a source of 
three-phase electrical energy is represented by 
three phase conductors A, B and C. Two of the 
phase conductors A and C are connected through 
a full-wave rectifier 53 which may include a fil 
ter, if desired, to provide a direct voltage between 



2,491,948 
5 

the output conductors I, and L3. The various 
relays are energized by direct current supplied 
from these conductors L and L3, 
With the car Switch CS in the neutral posi 

tion indicated in Fig. 3, a circuit is established 
for energizing the floor-stopping relay S and an 
auxiliary Stgpping relay T which controls the 
previously mentioned contacts T. When the car 
switch CS is rotated is a clockwise direction, 
as Viewed in Fig. 3, to engage a contact CS, an 
energizing circuit is established for the down re 
lay D and the car-running relay M. Energization 
of the down relay Dresults in closure of the front 
contacts D3 of the relay D to establish a holding 
circuit for the relays D and M. This holding cir 
cuit may be traced from the conductor I, through 
the relays M and D, the front contacts D3 and 
back contacts S of the floor-stopping relay S. 
Energization of the relay M also results in the 
closure of the front corzacts M, M2 and M3, 
which respectively connect the phase conductors 
A, B and C to the induction motor 7. Front 
contacts Di and D2 of the down relay D also 
are closed by energization of the relay D. These 
contacts Di and D2 complete an energizing cir 
cuit for the three-phase motor Which condi 
tions the motor to move the elevator car of 
Fig. 1 in a downward direction. 
At the same time, closure of the front contacts 

M4 by energization of the car-running relay M. : 
and closure of the front contacts D4 of the re 
lay D, completes an energizing circuit for the 
solenoid Bi. Energization of the solenoid B re 
leases tine brake shoe 2 from the drum 9 to 
permit the desired movement of the elevator car. 
Consequently, the car moves in a downward 
direction. It will be noted that the required 
movement of the car Switch CS into engagement 
with the contact CS, for the purpose of initiat 
ing downward movement of the elevator car, re 
sults in deemergization of the relayS S and T. 

Energization of the car-running relay M also 
closes the front contacts M5 thereof to energize 
the field winding F of the generator 2. HoW 
ever, since the contacts T. are open, the Volt 
age output of the generator is not applied to the 
solenoid B2. 

Let it be assumed that with the elevator Car 
conditioned for movement in a down Ward di 
rection, it is desired to stop the elevator car at 
the floor 3. Such stopping is initiated by Cen 
tering the car switch CS to engage the contact 
CS3. The movement of the car SWitch energizes 
the relays S and T. Energization of the auxil 
iary stopping relay T closes its front contacts 
Ti, but the resulting energization of the Solenoid 
B2 is ineffective for the reason that the Solenoid 
B, which develops an appreciably stronger force, 
is still energized. Since the floor-stopping re 
lay S is of the inductor type, energization of its 
winding does not affect the relay contacts Until 
the fioor-stopping relay reaches the down in 
ductor plate DP. At such time, the back con 
tacts S open to deemergize the down relay D 
and the car-running relay M. The resulting 
opening of the contacts M1, M2, M3, Di and D2 
deenergizes the induction motor it. 
The deemergization of the down relay D and 

the car-running relay M also opens the front 
contacts D4 and M4 to deemergize the Solenoid 
B. The rate of the deenergization of the Sole 
noid is determined by a discharge resistor 55 con 
nected across the terminals of the Solenoid. De 
energization of the Solenoid B permits the Spring 
23 to urge the brake Shoe 2 against the drum 

5 

2. i 

45 

50 

55 

O 

65 

70 

75 

6 
9. Furthermore, since the solenoid Bf is deer. 
energized, the Solenoid B2 now is effective for in 
creasing the braking effort developed by the 
brake shoe 2F and the brake drum 9 in accord 
ance with the voltage output of the generator 27. 
The elevator car now drifts until the floor of the 
elevator car and the floor 3 are substantially 
in the Same plane. Since the output of the gen 
erator 2 compensates for variations in loading 
of the elevator car I, the elevator car is landed 
accurately at the floor 3 despite substantial vari 
ations in the loading thereof. The front con 
tacts M5 of the car-running relay are provided 
With a time delay in opening, sufficient to assure 
energization of the field winding F until the ele 
vator car is coinpletely stopped. 

If it is desired to operate the elevator car in an 
upward direction, the car switch CS is actuated 
to engage the contact CS5. Such operation de 
energizes the floor-stopping relay. Said the aux 
iliary stopping relay T. Consequently, the con 
tacts Ta are open and the back contacts S are 
closed. At the same time, the car switch estab 
lishes an energizing circuit for the up relay U and 
the car-running relay M. A holding circuit for 
the relays U and M is established through the 
contacts U3 and St. The car-running relay a 
functions in the same nanner discussed with re 
Spect to down operation of the relay. However, 
the up relay U when energized closes its front 
contacts U and U2 to complete an energizing 
circuit for the induction motor , with phase 
relationships such that the elevator car moves 
in an Upward direction. Consequently, the coil 

35 tacts U, Di, D2 and U2 operate as a reversing 
SWitch for the induction motor . 

Closure of the front contacts M4 and Uf of the 
car-running and up relays energizes the SOenoid 
BS to retract the brake shoe 2 from the drum 
3, and the car now noves in an upward direc 

tion. Closure of the contacts M5 again energizes 
the field winding F. 

If the elevator car is moving in an upward 
direction and it is desired to stop at the floor 3, 
the car Switch CS again is centered to engage the 
contact CSS as illustrated in Fig. 3. The result 
ing energization of the auxiliary stopping relay 
T closes the font contacts T. Since the Sole 
noid B is still energized, closure of the contacts 
T has no effect on the brake shoe 2. The 
Winding of the floor-stopping relay S also is en 
ergized, and, when this relay reaches the up con 
ductor pate UP, it opens its back contacts S to 
interrupt the holding circuit of the car-running 
relay M and the up relay U. Consequently, these 
relays open their front contacts to deemergize the 
inductor motor 1. In addition, the contacts M4 
and U4 are opened by the car-running relay and 
the up relay to deemergize the Solenoid B. It 
will be recalled that the discharge of energy 
stored in the Solenoid B takes place at a rate 
deternied by the Value of the resistor 55. As a 
result of deemergization of the Solenoid B, the 
spring 23 applies the brake shoe 2? to the drum 
f3. Additional braking effort is obtained from 
the Solenoid B2 for the purpose of compensating 
for variations in the loading of the elevator car i. 
Consequently, the elevator car i is brought ac 
Curately to a Stop at the floor 3 for any loading 
Within the capacity of the elevator car. The time 
delay in opening of the contacts M5 again suf 
fices to a SSure energization of the field Winding 
F until the elevator car has come to a complete 
stop. 
Since the voltage output of the generator 27 
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is determined in part by its field energization, a 
constant field is desirable. Such a field may be 
obtained from permanent magnets in a manner 
well understood in the art. As an alternative, the 
field winding F may be energized from a constant 
voltage source. To this end, any suitable voltage 
regulator may be employed for energizing the 
conductors Li and L3 from the phase conduc 
tors A and C. For example, the voltage regulator 
may take the form of a voltage regulating relay 
R. having back contacts R. connected acroSS a re 
sistor 5E. The conductor Li is connected to an 
output terminal of the rectifier 53 through the 
parallel combination consisting of the resistor 
57 and the back contacts R. The relay R is a 
voltage relay and may be energized from the 
conductor Li and L3 through a resistor 59. If 
the voltage between the conductors L and L3 
increases above a predetermined value, the regu 
lating relay R opens its back contacts R. to in 
troduce the resistor 5 into the circuit for the 
purpose of dropping the voltage between the con 
ductors Li and L3. If the voltage between these 
conductors drops below a predetermined value, 
the regulating relay R. drops out to close its 
back contacts R. 'ihis shunts the resistor 57 
and increases the voltage between the conductors 

and L3. Woltage regulators of this type are 
Well-known in the art and the Specific voltage 
regulator illustrated and described is representa 
tive of any of the conventional voltage regulators 
which may be employed for maintaining a sub 
Stantially constant voltage between the conduc 
torSL and L3. 

It should be noted that the Safety of the sys 
ten is not impaired by incorrect operation of the 
relay T. If the relay contacts remain perma 
nently closed, the elevator car still stops accu 
rately at the desired floors. If the relay contacts 
remain permanently open, the System operates in 
a manner Similar to that of prior art systems, 
and the elevator car stops with less accuracy ad 
jacent desired floors. The relay T essentially 
decreases the time during which the generator 2 
and the Solenoid B2 are energized. 
The compensation introduced by the invention 

is continuous over the entire stopping operation. 
Since the compensating braking effort decreases 
as the elevator car slows to a complete stop, no 
discomfort is experienced by elevator passengers. 
The confort of the stop can be controlled further 
by employing a high time constant for the com 
bination of the Solenoid Bi and the discharge re 
sistor 5. Any error introduced in the stopping 
distance by the high time constant can be com 
pensated by suitable compounding of the gen 
erator 2 and by adjustment of the resistor 29. 
Although the invention has been described with 

reference to certain specific embodiments there 
of, numerous modifications are possible. There 
fore, the appended claims are intended to cover 
not only the Specific embodiments illustrated, but 
also all other embodiments falling within the 
spirit and scope of the invention. 

I claim as my invention: 
1. In an elevator system, a structure for receiv 

ing an elevator car, said structure having stations 
to be served by an elevator car, an elevator car, 
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8 
motive means for reciprocating the elevator car 
in a vertical direction relative to the Structure at 
a rate of movement which varies as a function of 
the load on the elevator car, a brake for stopping 
said elevator car at a station of Said structure, 
brake-operating means responsive to arrival of 
the elevator car at a predetermined distance from 
a station for initiating an operation of the brake 
to stop the elevator adjacent the desired station, 
means for generating an electrical voltage having 
a magnitude which varies as a function of the 
rate of novement of the elevator car, and ad 
justing means responsive to the electrical voltage 
for adjusting the braking effort to bring the 
elevator car to rest Substantially at the desired 
station for any load on the elevator car Within 
the rated capacity thereof. 

2. An elevator system as defined in claim 1, 
wherein said brake-operating means comprises 
Spring lineans for applying the brake, to develop 
a braking effort, and said adjusting means com 
prises an electromagnetic device energized by the 
electrical voltage to increase the braking effort. 

3. In an elevator System as defined in claim i, 
means responsive 9 the conditioning of Said ele 
Vator car for novement for deemergizing the ad 
justing means. 

4. in an elevator system, an elevator car, a 
structure having stations to be served by the ele 
vator car, notive means for reciprocating the ele 
vator car vertically relative to the structure at a 
rate which varies as a function of the load on the 
elevator car, a Spring-actuated brake for stopping 
the elevator car at a station of the structure, elec 
tronagnetic means effective when energized for 
holding the brake ira retracted condition, said 
electioinagnetic means being energized while the 
elevator car is conditioned to run between sta 
tions, control means responsive to arrival of the 
elevator car at a predetermined distance from 
a desired Station at which the car is to stop for 
deenergizing the electromagnetic means, a gen 
erator driven by said motive means to produce 
an output voltage which Varies as a function of 
the rate of travel of the elevator car, and electro 
magnetic means responsive to the output voltage 
for varying the braking effort applied to the ele 
Wator car to bring the elevator car to rest at said 
desired Station despite a substantial range of 
variation of the Speed of the elevator car at the 
predetermined distance from Said desired station. 

5. An elevator System as defined in claim 4, 
wherein the motive means includes an electric 
motor effective when energized for reciprocating 
the elevator car, said control means including 
In eans reSponsive to arrival of said elevator car at 
the predetermined distance from Said desired 
Station for deemergizing said electric motor. 
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