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15 Claims.

This invention relates {6 a drive mechanism,
and more particularly to & mechanism adapted
to provide high and low speed drives.

One feature of this invention is that it pro-
vides simple and effective high and low speed

* drives; another feature is that means is provided

15

26

30

35

40

45

&6

for smoothly effecting a transition from the high
speed to the low speed of operation; still another
feature of this invention is that one or more mo-
tors of conventional and simple type may be used;
a further feature of this invention is that the
motor or motors may be driven by alternating
current; yet another feature of this invention
is that it is particularly adapted for driving an
elevator; other features and advantages of this
invention will be apparent from the following
.specification and the drawings, in which:

Figure 1 is a side elevation of apparatus em-
bodying my invention in a geared elevator drive;
Figure 2 is a top plan view of the apparatus
shown in Figure 1; Figure 3 is a fragmentary
vertical sectional view; Pigure 4 is a chart show-
ing torque characteristic curves; Figure 5 is a
chart particularly illustrating the transition from

5 high speed tc low speed operation; and Figure 6

is a simplified schematic circuit diagram.
It is very desirable in & number of drive ap-
plications, such as hoists and elevators, to pro-

vide & high speed drive and a low speed drive for

use only during a short interval before the drive
is terminated. For example, in elevator work it
is desirable to have a high speed drive that will
move the car rapidly from flcor to floor during
the major part of its travel, and a low speed
drive which comes into effect only when it is
desired to stop the car at a floor, and engbles the
car to be brought to a stop at exactly the desired
point. This low speed drive is generally known
in the elevator art as the leveling drive. In order
to enable proper leveling, this drive should be
quite low speed relative to the main drive, gen-
erally being adapted tc drive the car at one-
sixth or less of the high speed drive. The pro-
vision of the two drives, and particularly %he
transition from high speed {o low speed drive,
provides a number of problems.

While these problerhs are not as sevious in low
speed direct current instalintions or ultra-high
peed georiess installations, they are particularly
difficult to overcome in medium speed alternat-
ing current installations, especially of the geared
type; and this class comprises the meajor number
of elevator installations.

Two different methods of drive have heretofore
been commonly used in this last-mentioned type

(Cl. 172—239)

of installation, the one employing a two-speed

-multiple pole motor, and the other variable volt-

age control. Both have certain objections, par-
ticularly in the way of weight, size and expense.

My invention provides a tweo-speed drive readily
adapted to use substantially conventional alter-
nating current motors, and effects a smooth
transition from high speed to low speed of op-
eration. The main or high speed drive may be
of substantially any desired type. In order to
effect a transition to and continue to drive at a
low speed, I provide an electric motor with both
the armature and fleld elements thereof rotat-
able; drive one of these elements at a low speed
of rotation by auxiliary drive means; and so
arrange matters that the two elements electrical-
ly resist relative rotation, so that the object being
driven is slowed down to and driven at substan-
tially the speed of rotation of the motor element
being driven by the auziliary means.

In the particular embodiment disclosed here-
with my invention is shown in connection with
a geared medium speed drive for an elevator
wherein the main source of power is alternating
current, a type of installation wherein my drive
is particularly advantageous. Referring first to
PFigures 1 and 2, the righthand half of the ap-
paratus illustrated is of conventiong] type. A
drum §08 adapted to have the elevator cables pass
thereover is mounted on & shaft {{ on which is
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also mounted & worm gear 2 in the gear housing

{3, this gear being driven by the worm 4. A
brake drum {5 is provided on the worm shaft and
has operatively assoclated with it brake mecha-
nism of conventional type including the operat-
ing solenoid {8, this brake mechanism being used
to make the final stop at & floor. All of the drive
apparitus is for convenience generally mounted
on a single base, as 7.

The lefthand part of the apparatus, shown in
more detzil in sectional view in Flgure 3, includes
a main drive motor 18 and & smeller secondary
or guxiliary motor 8. The main motor (8 is
here shown as comprising iwo rotatebly mounted
elements, the outer comprising bonnets 20 and
20= and field structure rotateble on the bearings
21 and 22, these bonnets carrying & wound field
of the type generally found in three-phase alter-
nating current motors, the three leads of the feld
windings being brought out to the slip rings 23, 24
and 28, The Inner element is here shown as 2
Phase wound armeture rigidly mounted on the
shaft 28, which is the same shaft on which are
mounted the brake drum 15 and the worm (4.
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The leads from the srmature are brought out
to slip rings 27, 28 and 29.

The bonnet 262 of the field element is rigidly
connected to 2 stub shaft 30 which, while it is
axially aligned with the main shaft 26, has no
connection thereto. The stub shaft 3¢ has
mounted thereon, in an appropriate housing, 2
worm gear 21 adapted to be driven by a worm
32 on a cross shaft 38, The shaft 33 has mounted
on one end thereof the armature of the secondary
motor 18; and on the other end thereof a brake
drum 34 and cooperative brake mechanism in-
cluding an operating solenoid 85. In the opera-
tion of the particular embodiment illustrated
herewith during high speed drive, the field ele-
ment of the motor 18 is held stationary by actu-
ating solenoid 35 in such a way as to apply the
break to the drum $8; this acts through the
shaft 33 and the gears 31 and 32 to hold the stub
shaft 30 on which the fleld element is mounted.
Three-phase alternating current is then sup-
plied to the field windings through the slip rings
23, 24 and 25 to effect rotation of the armature
element in accordance with conventional induc-
tion motor practice. This rotates the shaft 26
and, through the gears {4 and 12, the drum {0
to provide the high speed drive for the elevator.
When it is desired to slow the elevator down to
and drive it at the low or leveling speed, the al-
ternating current is removed from the slip rings

leading to the field and direct current supplied to -

any two of these rings; at the same time resist~
ances are inserted in the armature circuit, the
brake holding the drum 34 is released, and the
small secondary motor 19 is energized. The
motor 19 drives the field element at some- de-
sired slow speed of rotation; and the circuit ar-
rangement in connection with the motor I8 is
now such that the two elements thereof elec~
trically resist relative rotation. This causes the
armature element to be electrically braked to

substantially the speed of rotation of the field ele- -

ment, and then driven by the field element to
provide the low speed movement of the car.
When the car has reached the desired level with
respect to the floor all power is cut off, in ac-
cordance with conventional practice, and the car
stopped by the main friction brake operating
on the drum (5.

The circuit .arrangemerits for accomplishing’

these desired results are shown in simplified di-
agrammatic form in Figure 6. The field and
armature connection of the main motor would
be led out through the slip rings and brushes, 232,
242 and 25° supplying the current {o the slip rings
23, 24 and 25; and leads 27e, 28* and 29® being
connected, respectively, to the slip rings 27, 28
and 29. These leads may be connected to any
desired switching and control arrangement to
secure the desired results. For example, leads
232, 24= and 25* may be connected to the bars
40, 41 and 42 of a relay 43. When this relay
is in the position shown, the bars 40, 41 and 42,
and thus the field winding of the motor 18, would
be connected to the leads 44, 45 and 46 of a con-
ventional three-phase alternating current sup-
ply. At the same time the armature windings of
the motor might be arranged to be short-cir-
cuited, as by the connections through the bars 47,
48 and 49 of the other relay 50 and the inter-
connected leads 51, 52 and 53.

“fhen it is desired to drop from high speed
to Tow speed and operate at such low speed, the
operating coils 54 and 55 might be energized to
1ift the movable members of the relays 50 and
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43. The bars 40 snd 41 would then be in contact
with the leads 56 and 57 to supply direct current
from some conventional source, &s & motor gen-
erator set or rectifier, to the field of the motor;
and the bars 47, 48 and 49 would be connected
to the wires 58, 53 and 60 to interconnect the
windings of the armature through the resistances
6! and 62 to achieve the desired dynamic brak-
ing or electrical resistance to relative rotation
between the field and armature elements of the
motor 8. At the same time the secondary drive
motor 19 could be energized and the brake sole~

noid 35 de-energized by any conventional control

mechanism not specifically shown here, since

" such specific mechanism does not comprise the

present invention.

It will be understood, of course, that the circuit
shown in Figure 6 is extremely simplified. In
practice, the resistances 61 -and 62 would be star
or delta arranged and might form part of the
main or high speed drive starting resistances;
and resistances or other means might be provided
in the direct current source to enable adjustment
of the amount of such current supplied. I have
found that the best results in effecting a smooth
transition from high to low speed is obtained by
using a star wound fleld and energizing only two
leads thereof with D. C. )

For a given main motor (8 variation in the
amount of direct current supplied to the fleld
windings and variation of the gmount of re-
sistance inserted in circuit with the armature
windings regulates the shape and maximum am-
plitude of the curve characteristic of the re-
sistance to relative motion between the elements.
With a given D. C. excitation, for example, three
different values of resistance in the armature
circuit will give the three curves reproduced as
Figure 4, referred to for convenience as curves
70, 14 and 72. In the particular installation
chosen for an example the main motor rotates,
when at full speed, at 900 R. P. M. to provide the
high speed drive. Under an average assumed load
the car might require 185 foot pounds of torque
to raise it. Under these circumstances the elec-
trical braking apparatus would preferably be
arranged to employ the curve 1i. When the car
is moving upwardly at high speed and it is de-
sired to stop it at a given floor the main power

‘would be cut off at an appropriate place, by 2

manual or automatic controller, and the electrical
braking apparatus thrown intc operation. In-
asmuch as the torque curve Tl is less than 185 foot
pounds at 900 R. P. M., there would be no jar or
jolt to. the passengers when it came into effect.
Since the torque resisting rotation of the arma-
ture, and consequently upward movement of the
car, increases as the speed drops, the decelera-
tion of the car would be increased until it reached
2 maximum at a little over 100 R. P. M. differ-
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ence in speed from the outer or field element of -

the main motor. The foot pounds of torque re-
sisting relative rotation between the motor ele-
ments, and thus the deceleration of the car, would
then decrease until the armature- element was
rotating at the speed of rotation of the fleld ele-
ment, which, as before described, is being rotated
at a relatively slow speed by the secondary mo-
tor 19. This speed of rotation of the field ele-
ment may be assumed, for example, to be 80
R.P. M. When the speed of rotation of the arma-
ture has become the same as that of the fleld ele~
ment it will start to slip backward with respect
thereto, because of the resistance to rotation im-

posed by the load of the car, and the torque curve
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. resulting from relative rotation between the ele-

ments will again start to climb from zero. When
the armature is traveling at 20 R. P. M. slower
than the fleld element, the torque between the
two parts would again be 185 foot pounds, suffi-
cient to drive the car and its assumed load up-
wardly. Now, however, the car is being driven
upwardly at a low speed by the secondary motor
{9. Under the conditions of the installation
chosen as an example, the car would be moving
at a speed corresponding to 60 R. P. M. of the
armature, the speed of rotation of the field ele-
ment (80 R. P. M.) minus the differential speed
between the two elements (20 R. P. M.) neces-
sary to provide the necessary foot pounds of
torque. In accordance with conventional prac-
tice, the car would be driven at this low speed
until it was within a matter of a few inches of
where it was desired to stop it at the floor level,
whereupon all driving power would be discon-
tinued and the main brake set to bring it to a
stop at the floor,

If it be assumed that the size of the drum and
the ratio of the main driving gearing is such that
the car travels one foot per minute for each
three revolutions of the armature shaft 26, the
action of the car under the conditions given as an
example is shown in Pigure 5. With the main
driving motor rotating at full speed of 900 R. P.
M., the car would be traveling at its high speed
at 300 feet per minute, as shown in the first por-
tion of the chart. At the point corresponding to
one second the main driving power is thrown off
and the electrical braking apparatus brought
into play, whereupon the deceleration described
above causes the velocity of the car to drop
as shown. In about one and three-fourths sec-
onds after the electrical braking and secondary
drive have been brought into action the car has
been brought down to the desired low speed of
twenty feet per minute, and for the following
second is driven at that low speed in the manner
described. Thereupon, just before the end of
the chart, the entire driving current is thrown
off and the car brought to a stop by the main
braking apparatus. Xt will be understood, of
course, that choice of the amount of direct cur-
rent excitation of the fleld and resistance in the
armature will control the slope and length of
the middle portion of the curve shown in Figure
5. That is, if the resistance to relative rotation
between the elements is made very high the car
will be decelerated very rapidly from high to low
speed; on the other hand, if it i so arranged that
the braking torque is relatively low the decelera-
tion portion of the curve can be stretched out
considerably. While the conditions assumed
above for descriptive purposes have been in con-
nection with raising a load, it will be apparent
that all of the advantages of my invention come

~into play equally in lowering 2 load.
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A geared elevator drive with a three-phase in-
duction motor having a phase-wound armature
surrounded by a star-wound fleld was chosen for
{llustration. It will be readily apparent, however,
that the relation of the fleld and armature ele-
ments could be reversed, a squirrel cage rotor
could be used, or a completely independent main
drive means could be provided. It is also readily
apparent that, while my invention is shown em-
bodied in a two-speed drive, it can be employed
in a drive having a greater number of speeds.
For example, the secondary motor 19 may be a
two-speed motor; or it may be rotated during op-
eration of the main motor to provide a drive hav-

3

ing a speed which is the sum of the rate of rota-
tions of both elements or the difference there-
between, depending upon whether the secondary
motor is driving the rotatable field element in
the direction of rotation of the armature of the
main motor, or oppositely thereto, during excita-
tion of the main motor.

While I have described certain embodiments
of my invention it is to be understood that it is
capable of many modifications. Changes, there-
fore, in the construction and arrangement may
be made without departing from the spirit and
scope of the invention as disclosed in the ap-
pended claims. '

I claim:

‘1. Drive apparatus of the character described,
including: an electric motor comprising a fleld

. element and an armature eiement, both elements

being rotatable about a common axis; means for
energizing the motor to effect rotation of one of
the elements with respect to the other; means
for energizing the motor with direct current to
cause it to electrically resist any relative rotation
between the elements thereof; and means for
rotating the other element.

2. Apparatus of the character claimed in claim
1, wherein the last mentioned means rotates said
other element at a relatively slow speed.

3. Multi-speed drive apparatus of the charac-
ter described, including: an electric motor com-
prising a field element and an armature element,
both elements being rotatable about a common
axis; means for energizing the motor to effect
rotation of one of the elements with respect to
the other, said rotation being relatively rapid to
provide a high speed drive; means for energizing
the motor with direct current to cause it to elec-
trically resist any relative rotation between the
elements thereof; and means for rotating the
other element at relatively slow speed, while the
resisting means is operative, to effect rotation of
the first mentioned element to provide a low speed
drive. .

4. Multi-speed drive apparatus of the charac-
ter described, including: an electric motor com-
prising a fleld element and an armature eiement,
both elements being rotatable about a common
axls; means for energizing the motor to effect
rotation of one of the elements with respect to
the other, said rotation being relatively rapid to
provide a high speed drive; means for holding
the other element stationary during such drive;
means for energizing the motor with direct cur-
rent to cause it to electrically resist any relative
rotation between the elements thereof; and
means for rotating. the other element at rela-
tively slow speed, while the resisting means is
operative, to effect rotation of the first mentioned
element to provide a low speed drive.

" 5. Multi-speed drive apparatus of the charac-
ter described, including: an electric motor com-
prising a field element and an armature element,
both elements being rotatable about a common
axis; means for energizing the motor to effect
rotation of one of the elements with respect to
the other, said rotation being relatively rapid to
provide a high speed drive; means for holding the
other element stationary during such drive;
means for rotating the other element at relatively
slow speed; and means for energizing the motor
with direct current to cause it to electrically re-
sist any relative rotation between its elements,
said rotating and resisting means both becoming
operative immediately upon deenergization of the
motor, whereby the first mentioned element is
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electrically braked to and driven at substantially
the speed of rotation of the other element.

6. Apparatus of the character claimed in claim
1, wherein the rotating means is a second smaller
electric motor. .

7. Apparatus of the character claimed in claim
5, wherein the holding means includes a friction
brake.

8. Apparatus of the character claimed in claim
5, wherein the slow speed rotating means is &

- second smaller motor.
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9. Multi-speed drive apparatus for an elevator,
including: an electric motor comprising a field
element and an armature element, both elements
being rotatable about a commeon axis and one ele-
ment being adapted to be geared to the cable
drum of the elevator to act as the drive element
therefor; means for energizing the motor to ef -
fect rotation of the drive element with respect
to the other to provide 2 high speed drive for the
elevator; and means for rotating the other ele-
ment at relatively slow speed and simultanecusly
energizing the motor with direct current to cause
it to electrically resist eny relstive rotation be-

- tween the elements thereof tc provide o low speed

drive for the clevabor.

10. Apperatus of the characier clalmed In
claim 9, including mesns for holding the other
element stationary while the motor is being en-
ergized to provide the hish speed drive.

11, Multi-speed drive apparatus for an cle~
vator, including: an electric motor comprising &
field element and an armature element, both ele-
Iments being rotatable about 2 common axis and
one element being adapted to be geared to the
cable grum of the elevator to act as the drive
element therefor; means for energizing the mobor
to effect rotetion of the drive element with re-
spect to the other to provide 2 high speed drive
for the elevator; mesns for holding the other ele-
ment stationsry during such drive; means for
roteting the other clement at relatively slow
speed; and means for energizing the motor with
direct current to cause it to clectrically resist any
relative rotation between its elements, sald re-
tating and resisting means both becoming oper-

‘between the elements, said rotating

2,198,683

ative immediately upon deenergization of the
motor, whereby the drive element is electrically
braked to and driven at substantially the speed
of rotation of the other element.

12. Apparatus of the character claimed in
claim 11, wherein the holding means is a friction
brake and the slow speed rotating means is a
smaller electric motor.

13. Drive apparatus of the character described,
including: a device comprising a field element
and an armature element, both elements being
rotatable about a common axis; main drive
means; means for. rotating one element of said
device; and means for energizing the field with
direct current te cause the two elements of said
device to. resist any relative rotation therebe-
tween.

14. Multi-speed drive spperatus of the char-
acter described, including: o device comprising
a field element and an armature element, both
clements being rotatable about & common axis;
meain drive means for providing e high speed
drive: means for energizing the field element of
the device with direct current to cause the ele-
ments to electrically resisé any relative rotation
therehbetween; and mesns for rotating one of
said elements et relatively slow speed while the
resisting means is operaiive to efiect rotation of
the other element to provide g low speed drive.

15, Multi-speed drive apperatus of the char- @

acter described, including: a device comprising
o fleld elemeni and an srmabture element, boith
elements being rotateble about & common axis;
main drive means for providing a high speed
drive, one of the elements being .connscted there-
to; means for rotating the other element at rela-
tively slow speed; and means for energizing the
field element with direct currené to cause the

¢
device to elecirically resist any relative rotation

means becoming operative upon discontinuance
of the main drive, whereby the frst mentioned
element is electrically braked to and driven at
substentially the spead of rotation of the other
element.
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