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pany, Alameda, Calif., g cerpoxation of California, and
said Van Schaack assignor fo The Louis Allis Com-
pany, Milwaukee, Wis., a corporation of Wisconsin
Filed Oct. 16, 1956, Ser. Na, 616,274
§ Claims. (Cl. 318—205)

Our invention relates to machinery involving hoisting
equipment and more particularly to a system involving
equipment such as cranes of all types.

It is quite often necessary, as in the case of power
house or turbine deck cranes, to handle, at infrequent
intervals, heavy loads requiring precise handling and ac-
curate control, thus necessitating movement of such
heavy loads at relatively low speeds. In addition, on
more frequent occasions, as for general servicing and
maintenance, lighter loads are required to be handled at
higher speeds, Such handling of heavy loads and light
Ioads is conventionally accomplished in the prior art by
the installation and use of two separate and independent
sets of hoisting equipment, necessarily entailing for the
heavy loads, a heavy load hook and associated Joad
blocks, hoist drums, bearings, gear reducers, automatic
safety braking devices, motors, electric brakes, con-
troliers, etc., and for the light loads, an auxiliary or light
load hook with corresponding associated equipment.

As a result of having two independent sets of hoist
equipment, the first cost, installation, maintenance, and
required operating spares are excessive for the resulis
obtained, particularly inasmuch as the heavy duty equip-
ment, as previously mentioned, is utilized but infrequent-
1y, while approximately 75% to 80% of all loads are
handled by the lighter duty equipment.

Among the objects of the present invention are:

(1) To provide a novel and improved system for hoist
equipment;

(2) To provide a novel and improved system for hoist
equipment, capable of operation over a plurality of load-
speed ranges;

(3) To provide a novel and improved system for hoist
equipment utilizing alternating current or direct current
POWer sources;

(4) To provide a novel and improved system for hoist
equipment which is essentially foolproof in operation.

Additional objects of our invention will be brought out
in the folowing description of a preferred embodiment
of the same, taken in conjunction with the accompany-
ing drawings, where,

FIGURES 1 through 6 are component portions of the
complete system embodying the features of the present
invention, and utilizing alphabetical symbols to identify
connecting leads.

Referring to the drawings of such system, loads are
lifted and lowered by means of a motor 1 operating
through conventional type hoist mechanism 3 which may
invelve a cable drum 5, sujtable sheaves 7, 9, etc., which
in turn support a load hook 13. The load ‘motor and
hoist mechanism are designed to handle the maximum
load with the motor operating at base speed and below,
and with the motor capable of functioning at higher
speeds for lighter loads., Base speed is defined as the
speed of the motor when rated armature and field volt-
ages are applied,

The load motor is of the direct current type and is
provided with a series field winding 13 and a separately
excited fleld winding 15, the circuit of the series field
winding including a heavy load current sensitive gelay
17, a series resistor 18, a light load current sensitive re-
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lay 19, one winding 21 of a dnal winding relay 23, and
one winding 25 of a second dual winding relay 27. The
seties resistor 18 and relay 19 are adapted to be shunted
by a resistor 29 through a pair of normally open contacts
31.

Armature voltage to the motor is derived from the
output of a direct current generator 33 whose armature
is mechanically driven by an alternating current drive
motor 35 adapted for operation from a three phase
power line 36. The generator like the load motor, is
provided with a series field 37 and 2 separately excited
field 39,

Orne side of the generator is connectable through the
generator series field circuit, the motor series field cir-
cuit, including the relay 17, resistor 18, relay 19, and
relay windings 21 and 25, to one brush of the motor
armature through a normally open pair of contacts 49
on the relay 43, and to the other brush through another
normally open pair of contacts 51 on the relay 47. The
other side of the generator is connectable directly to one
brush of the motor through a normally open pair of con-
tacts 41 of a relay 43, and to the opposite brush of the
motor through a normally open pair of contacts 51 on
the relay 47.

The two pairs of contacts of each relay being associ-
ated with opposite brushes of the motor, the energization
of one of the relays such as relay 43 will determine ro-
tation of the motor in one direction, such as in the direc-
tion of lift, while the energization of the other relay will
reverse the direction of rotation for lowering a load.

Direct current excitation to the separately excited motor
field 15 is derived from one phase of the three phase power
line 36, as by means of a step down transformer 53 when
the line voltage is higher than desired for obtaining field
excitation, The transformer secondary 57 is connected
across two corners of a full wave rectifier 59, the other
two- corners being connected to the separately excited
field circuit which includes a current sensitive relay 61,
a field resistor 63, the field winding 15, normally open
contacts 157, a series of adjustable field resistors 65, 67,
6% and 71, and the second winding 73 of the dual winding
relay 23,

Each of the field resistors 65, 67, €9 and 71, is shunted
by a pair of normally closed relay contacts 79, 81, 83,
and 88 respectively. With all of resistors 67 through 71
shunted out, and with rated voltage applied to the arma-
ture of the motor, the motor is designed to function at
base speed. By weakening the field of the motor, as by
cutting in one or more of the resistors, the speed of the
motor may be increased above its base speed.

Direct current excitation to the separately excited
generator field 39 is also derived through the step-down
transformer 53 in this instance from a lower voltage
point 87 on the secondary of such transformer, the out-
put of which is rectified through a full wave rectifier 89
and applied to the generator field through the closing
of either of two pairs of normally open contacts 91 and 93,

In each lead to the separately excited field winding of
the generator is a power winding 95, such windings con-
stituting components of a magnetic amplifier for con-
trolling the voltage generated by the generator for appli-
cation to the armature of the motor. For generating the
rated voltage of the generator, these power windings are
operated at about saturation whereby the impedance is at
a minimum and excitation of the generator field is at a
maximum.

The function of a magnetic amplifier is to provide
means for increasing the impedance of these windings
to thereby decrease the field excitation and correspond-
ingly decrease the voltage generated and applied to the
armature of the load motor. In this manner, the speed
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of the motor can be decreased from its base speed to a
small fractional value thereof.

Such a magnetic amplifier includes the aforementioned
power windings and a control winding 97 mounted on a
common core of magnetic material, the control winding
being connected across a SOurce of variable voltage to
alter the current flow through the control winding and
to thereby adjust the flux concentration in the common
core within a desired range up fo a condition of saturation.

The variable voltage source for the control winding
involves a full wave rectifier 99 connected across the
secondary 181 of a step-down transformer 103, the pri-
mary 185 of which like the separately excited generator
field circuit, is connectable through the normally open
contacts %1 or 93 to the secondary of the step-down trans-
former 53.

The control winding rectifier 93 is selectably connect-
able directly to the control winding through either of two
normally open pairs of contacis 187 or 169; or to the con-
trol winding through a resistor 113, a pair of normally
open contacts 113 and a pair of normally closed con-
tacts £15; or it may be connected through resistor 111, a
resistor 117 in series therewith, a pair of normally closed
contacts 116 and a pair of normally open contacts 121;
or a connection may be established through resistors 111,
117, a resistor 123, a pair of normally closed contacts
125, a second pair of normally closed contacts 127 and
cither of two paraliel connected pairs of normally open
contacts 128 or 131; or finally a connection may be estab-
lished through resistors 113, 117, 123, a resistor 133 in
series therewith, a normally open pair of coatacts 135
and a normally closed pair of contacts 137. With all re-
sistors 112, 117, 123 and 133 in the control winding cir-
cuit, the minimum flux density will prevail and the im-
pedance offered by the power windings will be maximumn.
Consequently the voltage output of the generator will
be a minimum. As such resistors are removed, the cur-
rent through the conirol winding increases, thus progres-
sively increasing the flux density to saturation, under
which condition, maximum voltage will be derived from
the generator.

it will be noted that the control winding adjustably
taps into one of a pair of resistors 139, 143 connected in
series across the generator armature, to thereby include
a portion 143 of such resistor in the control winding cir-
cuit. Across this resistor accordingly, there will be devel-
oped a voltage drop due to flow of current therethrough
from the generator, and such voltage drop will be in a
direction to oppose or buck the voltage drop developed
across the selected resistors in the control winding cir-
cuit. ‘This opposing voltage serves to limit the maximum
to which the voltage across the control winding may rise.

A minimum reference voltage adjustment for the con-
trol winding is determined by a resistor 145 completing a
circuit from the resistor 133 to the bucking voltage re-
sistor 139 through a compensating winding 147 on the
core of the magnetic amplifier, and a compensating ad-
justment resistor 142, both the compensating winding
and compensating adjustment resistor being connected
in paraliel with the generator series field winding 37.

VWhen so connected across the generator series field
winding, the compensating winding will react to changes
in voltage drop across the series field winding and will
function through its effect on the generated voltage to
prevent motor speed from dropping as the load on the
hoist motor increases. In the absence of this winding,
an increase in load on the motor would increase the volt-
age drop in the generator series field winding thereby re-
ducing the voltage applied to the motcr armature, with
a resulting lowering of speed of the motor.

To further stabilize operation of the miotor, insofar as
it may be effected by erratic functioning of the gen-
erator, the generator separately excited field winding 39
is shunted by a circuit inclnding an anti-bunt winding 151
in series with a condenser 153, and a resistor 155, such
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4
shunt circuit acting as a dampts
field voltage, to thereby prevent
ing. ‘

The separately excited feld winding circuit of the motor
1 is normally cpen by the inclusion of a pair of normaily
open contacts 157 associated with a relay 158 connected
across one phase of the power iines and adapted to be
closed upon energization of such relay.

Dynamic brakisg is provided for by a resistor 159
connected through a pair of normally closed contacts 169
across the motor armature. Thus under conditions where
the armature is rotating in the absence of applied voltage,
or as may happen in the case of a hoist, a load on being
lowered, might overhaul and drive the motor, the motor
will function as a generator. The resistor 159 will then
act as a braking load on the motor.

In conjunction with such dynamic braking, there is
mechanically coupled to and driven by the hoist motor, 2
permanent magnet type generator 161, the output of
which is connected across the separately excited field
winding 15 of the motor through a pair of normally
closed contacts 162 which are also associated with the
last mentioned relay. These normeally closed coutacts
are therefore adapted to be opened upon energization of
such relay, and such opening contacts will cccur simul-
tansously with the closing of the contacts which places
the field winding in circuit with its asscciated rectifier net-
work for normal excitation.

Thus in the event of power failure, or in the event the
main source of power is otherwise removed, the resulting
de-energization of the relay 133 will open the field circuit
of the motor and apply excitation from the permanent
magnet type generator in a direction to enhance the dy-
namic braking.

The hoist motor will further be equipped with a sole-
noid releasable spring actuated mechanical brake 165
which, in the absence of power to energize the solencid
and overcome the effect of the spring, will brake the
motor. The sclenoid component of such brake is con-
nectable to the output of a rectifier 266 of the full wave
type, through a pair of normally open contacts 167 in
each lead from such solenoid. This particular full wave
rectifier is permanently connected to ome phase of the
alternating current power supply preferably through a
transformer 168 of the step-down type. Such brake will
assist the dynamic braking, but failure of such brake
will merely result in increased dynamic braking, due to
the increased speed of the motor resulting from such
failure.

As an added protection, an anti-plugging relay 169 is
connected across the motor armature and controls a
pair of normally open contacts 173. The relay is such
s releases its contacts when the voltage impressed there-
on drops to a predetermined valtue, whereby the relay can
hold a circuit until such lower voltage is reached.

As thus far described, hoist loads are handled by a
direct current motor whose armature voltage is derived
from a direct current generator, which in turn is mechani-
cally driven by a three phase drive motor energized from
a three phase alternating current line. Through genera-
tor voltage conirol as obtainable with a magnetic ampli-
fier, the speed of the motor is capable of being varied
from its base speed down to approximately 8% of its base
speed, while by means of field weakening as obtainable by
sequential inclusion of resistors in the separately excited
field circuit of the motor, the speed of the motor is
capable of being increased upwardly from its base speed
to a value of the order of 400% base speed. Such maxi-
mum speed may be optionally controlled by the degree to
which the fisld is permitted to be weakened.

The foregoing equipment constitutes the power side
of the hoist system of the present invention, as distin-
guished from the control systems. The circuits involved
are normally discomnected from the main power lines by
normally open relay conmtacts 173. '

to sudden changes in the
the amplifier from hunt-
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Power for the control circuits is obtained through a
step-down transformer 175 from a single phase of the
main power lines. A start-stop switch arrangement in
one of the leads from this transformer and involving a
normally closed stop switch 277 and a normally open
start switch 179 determines when power is made available
to the control circuits, which are supplied from a pair
of leads 181 and 183.

Connected between the control power leads, through
two pairs of normally closed contacts 185 and 187 asso-
ciated with overload relays 189 and 1%1 respectively,
in the lines to the alternating current motor 35, is a motor
start-relay 193, which is adapted to be energized upon the
closing of the start switch 17%. This starting relay, when
energized, closes normally open contacts 173 in the power
lines to the power equipment.

Also associated with the motor starting relay, is a pair
of normally open contacts 197 which are connected
across the contacts of the start switch and function as a
holding circuit upon release of the start switch.

Also connectable between the control power leads,
through a pair of normally closed contacts 189, a pair of
normally open contacts 281 and a second pair of nor-
mally closed contacts 263, is an uander-voltage relay 203
which controls a pair of normally open contacts 207 in
one of the control power leads 181, This leaves all the
remaining control circuits which control the actual han-
dling of loads, dependent for power, upon the prelim-
inary emergization of this relay 295. This relay on the
other hand, cannot be energized until the normally open
contacts 281 in circuit therewith are closed.

Such contacts it is noted, are associated with the re-
lay 61 in the separately excited field winding circuit
of the motor, whereby only upon energization of this
motor field can the associated relay become energized
and permit energization of the under-voltage relay 205.
The significance of this lies in the fact that should the
motor lose its field, all the load centrol circuits become
de-energized.

The one pair of normally closed contacts 283, it is
noted, is associated with an overload relay 289 in the out-
put circuit of the generator, while the other pair 199 is
associated with the load sensitive relay 17 in the direct
current hoist motor circuit, whereupon in the event either
the generator or the motor are overloaded beyond a safe
limit, the load control circuits will become de-energized
through opening of the contacts associated with the under-
voltage relay 205.

The two pairs of normally open confacts 167 in the
brake circuit of the load motor, are associated with a
brake relay 221 which is energizable from the control
power leads through a circuit including the relay wind-
ing, either one of parallel connected pairs of normally
open contacts 223, 225 respectively, which are in series
with another pair of normally open contacts 227; or the
brake relay can be energized through an alternative cir-
cuit from the relay winding including one of parallel
connected pairs of normally open contacts 231, 233 re-
spectively, which are in series with another pair of nor-
mally open contacts 235. Thus before the brake relay
can be energized, a circuit through the relay must be
completed by way of one of the aforementioned alterna-
tive paths,

The dynamic braking contacts 169 in the circuit across
the load motor armature, are included in a dynamic
braking relay 237 which is connectable between the con-
trol power leads through either of two parallel connected
pairs of normally open contacts 239, 241 respectively.
Thus energization of this dynamic braking relay, which
would serve to open the normally closed conmtacts 169
thereof, can only occur on closing of either of the parallel
connected pairs of contacts in circuit with this relay.

The normally open pairs of contacts 41 and 4%, which
determine rotation of the motor in the lift directjon, are,
as previously stated, controlled by relay 43 which deter-
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6
mines the “up” direction of Iift of the motor. This relay
is energizable from the control power leads 181, 183
through a circuit including either of two pairs of normal-
ly open contacts 249, 253 respectively, a pair of normally
closed contacts 253, and the relay winding.

In parallel with the “up” relay is a hoist control relay
255, which when energized, will effect closing of the
contacts 91 to the separately excited field of the genera-
tor by way of the rectifier 89; also the normaily open
contacts 227 in the circuit of the brake relay 22%; and also
the normally open contacts 23% in the circuit of the
dynamic braking relay 237.

Also connected in parallel with the “up” relay 43, is an
auxiliary relay 257 which, when energized, will control
the closing of the normally open contacts 31 in the cir-
cuit shunting the light load current limiting relay 1% in
the circuit to the Icad motor. The last three mentioned
relays, namely, the “up” relay 43, the hoist control relay
255 and the auxiliary relay 257, thus cannot be energized
until one pair of the parallel connected normally open
contacts 249 and 251 is closed.

The two pairs of normally open contacts 45 and 51 in
the input leads to the motor armature, and which deter-
mine the reverse rotation of the motor for lowering of
loads, as previously stated, are controlled by the “down”
relay 47. This relay is connectable for energization,
between the control power leads, through either of twe
parallel connectable pairs of normally open contacts
259, 261 respectively, a pair of normally closed contacts
263 and the relay winding.,

The normally closed contacts 263 in the “down” relay
circuit are controlled by the “up” relay 43, whereas the
normally closed contacts 253 in the “up” relay circuit are
controlled by the “down” relay 47, Thus when the “up”
relay is energized for a lifting operation of the hoist, it
will open the circuit to the “down” relay and lock out
this latter relay while the lifting operation is in process.
Conversely, while a Jowering operation is in process, the
“up” relay cannot be energized.

In parallel with the “down” relay is a down control
relay 265 corresponding in the lowering operation of a
load, to the function of the hoist control relay 255 dur-
ing a lifting operation, in that it controls the closing of
the normally open contacts 235 in the braking relay
circuit, the closing of the normally open pair of contacts
24% which parallel the hoist control relay contacts 239
in the circuit of the dynamic braking relay 237, and the
closing of the normally open contacts 83 paralleling the
hoist control relay contacts 81 in the circuit to the sep-
arately excited field of the generator.,

Each of these relays, 255 and 265, has an additional
normally open pair of contacts 267, 269 respectively, in
series with the normally open contacts 178 of the anti-
plugging relay 169, An anti-plugging rircuit is com-
pleted from control power lead 183 through parailel con-
nected relays 43, 255, 257, the normally closed contacts
253 of relay 47, the normally open contacts 267 of relay
255 and the normally open contacts 378 of the anti-
plugging relay 169. A similar anti-plugging circuit is
completed from the control power lead 183 through par-
allel connected relays 47, 255, the normally closed con-
tacts 263 of relay 255, the normally open contacts 269
of relay 265, and the normally open contacts 176 of the
anti-plugging relay 169,

The functions of controlling the lifting and lowering
of loads, are assigned to a pair of controllers 277, 279,
the first for heavy load operation within the speed range
from the base speed of the load motor to a lower speed
of the order of 8% of base speed, while the other con-
troller serves for light load operation within a speed
range extending up to approximately 400% of base speed
in the present system, overlapping to a certain extent
the lower speed range covered by the heavy load opera-
tion.

Each of the controllers involves two sets of sequen-
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tially engageable switch contacts 281, 283 respectively,
the one set for the control of lifting operations and the
other set for the control of lowering operations, which
of course requires a reverse Totation of the load moior.

Considering the heavy load controller, it has associated
with it, a first speed determining relay 287. This relay is
connectable in a circuit bstween the control power leads
which circuit by-passes the controller contacts. Such cir-
cuit includes a normally closed pair of contacts 289, either
of two parallel connected pairs of normally open contacts
291, 293 respectively, the relay winding and, in common
with the brake relay circuit, the network of normaily
open contacts 223, 225, 227; 231, 233 and 235.

Nothing happens in connection with this relay 287,
however, until the controller is operated to bridge it
first pair of contacis 295. This closes a circuit througt
a heavy load hoist control relay 287 including a normalily
closed pair of interlock contacts 289, a second pair of
normally closed contacts 259, the relay winding, and a
main hoist switch 391.

Energization of the main load hoist control relay 287
directly closes one pair of the normally open contfacts
225 in the hoist brake relay circuit, leaving the one nor-
mally open pair of contacts 227 yet tc¢ be closed before
the brake relay circuit can be completed, Simultaneous-
ly, the mazin load hoist control relay 297 also closes a
pair of contacts 24% in the circuit to the parallel con-
nected “up” relay 43, the hoist control relay 255, and the
auxiliary relay 257.

Also, the main load hoist control relay 297 closes one
of the pairs of contacts 291 in the first speed relay circuit,
to place this relay in conditicn to be energized simul-
taneously with the hoist brake relay 22I, when the rTe-
maining pair of open contacts 227 common to the cir-
cuits of these relays is closed. This remaining pair of
contacts is closed upon energization of the hoist control
relay 255, whereupon the hoist brake relay will close
its associated contacts 167 to energize the solenoid con-
trolled brake of the motor, to hold the same in released
condition.

The first speed relay 287, upon it becoming energized,
will close the contacts 135 in the control winding circuit
tc thereby place minimum reference voltage across the
control winding 7. This circuit may be traced from the
negative side of the rectifier 82 through the portion 143 of
resistor 139, the control winding, normally clesed con-
tacts 137, normally open coniacts 133, resistor 133, re-
sistor 123, resistor 117, and resistor 311. This resulis
in minimum excitation to the separately excited field of
the generator, whereupon the motor armature will receive
the minimum voltage from the generator.

Operating the controller to bridge the second pair of
contacts 383, serves to energize a second speed relay 385
through a circuit including the normally closed pair of
interlock contacts 289, the relay winding, and the now
closed pairs of contacts 225 and 227, in common with
the circuit through the hoist brake relay., The result-
ing energization of the second speed relay serves to open
its normally closed contacts 137 located in the control
winding circuit and simultaneously therewith close its
normally open contacts 12¢ to complete a circuit from
the control winding through contacis 128, normaily closed
contacts 127, normally closed contacts 123, resistor 123,
resistor 111, to thereby increase the voltage across the
control winding, by the voliage drop through the resis-
tor 133.

This results in an increase in the current flow through
the control winding, which in turn increases the excita-
tion of the generator field, with 2 resulting increase in
the generated voltage applied to the load motor. The
motor is now operating at a higher speed than the min-
imum speed determined by the first speed relay.

Closing of the third pair of contacts 387 of the con-
troller, serves to energize the third speed relay 389 in a
mantier similar to the others by connecting it in parallel
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therewith. Energization of the third speed relay will open
contacts 127 in the conirol winding circuit and at the
same time, close normally open contacts 121 to further
increase the voltage in the conirol winding circuits by an
amount equal to the voltage drop across the resistor 123,
As in the previcus instances, the generator field excitation
will be increased, resulting in an increase in generator
voltage and a corresponding increase in the speed of ths
load motor.

Closing of the fourth pair of coniacts 331 will energize
the fourth speed relay 313, which in turn will cpen con-
tacts 19 and close coniacis 133 to further increase the
voltage in the control winding circuit, by an amount
equivalent to the voltage drop through the resistor 117,
thus resulting in a further increase in speed of the motor.

Maximum speed of the motor for heavy loads, equiva-
lent in this case to the base speed of the motor, is ob-
tained by connecting the fifth speed relay 315 in parallel
with the previous speed determining relays, through the
bridging of a fifth pair of contacts 317 in the controller.
Energization of this relay, nlaces maximum voitage across
the control winding, by opening contacts 115 and clesing
contacts 1€7. This enables the generator to apply rated
voltage to the motor armature and cause the motor to
run at base speed.

It may be noted at this point, the motor speed was
conirolled entirely through altering the veltage applied
to the motor armature, from vaue substantially less than
rated voltage to its rated voltage, and that throughout
this procedure, the resistors 67, 68 and 7% were shunted
out of the motor field circuit.

Deceleration during lifting, is accomplished by a re-
versal of the procedure just described in connection with
the operation of the coniroller, during which the con-
troller may be reversely operated back to its “off” posi-
tion, at which time, regenerative braking sets in, if the
motor, at the moment is exceeding first speed. A sig-
nificant thing happens, however, during the course of
such deceleration, due to the presence of the anti-plugging
relay circuit in the system. As previously indicated, the
anti-plugging relay 16% is designed to open at a low
voltage, which may be equivalent to that voltage applied
to the motor from the generator at the first speed position
of the controller. This means that the contacts asso-
ciated with the anti-plugging reley will remain closed
until such voltage is reached during regenerative braking.

It will be recalled in this connection, that the main
hoist control relay 297 was instrumentzal in initially ef-
fecting energization of the hoist control relay 255 and
the auxiliary relay 257 in parallel therewith, but now,
due to the presence of the anti-plugging relay circuit,
the hoist control relay and the auxiliary relay do not
become de-energized upon the de-emergization of the
main hoist control relay, but will remain energized until
the voltage generaied by the motor, which is now acting
as a generator, drops down to the aforementioned value
at which the anti-plugging relay will open its contacts.

The significance of this lies in the fact that a sudden
reversal of the controller will prevemt application of
reverse voltage across the motor armature and a con-
sequent fast application of the spring actuated brake,
and will effect a gradual deceleration of the motor arma-
ture and the load which is being lifted at the time and
the mechanical brake will not be applied until the rota-
tional speed of the moter has dropped to a value suffi-
ciently low to permit mechanical braking without shock
to the system.

In lowering the load, in the heavy load operating cycle,
the second set of contacts 283 of the heavy Ioad controller
is employed. In this conmecticn, it is noted that the
speed control is exercised through the same relays as in
lifting the load, and the first speed relay 287 besrs the
same relaticnship to secend set or lowering contacts
as it does to the first set or hoisting contacts, in that its
circuit is completed upon bridging the first pair of con-
tacts 319 of the second set, which causes the energization
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of a heavy load lowering control relay 321 threugh a
circuit including the normally closed interlocking con-
tacts 289, a second pair of normally closed contacts 323
and the relay winding.

The normally closed contacts 323 are associated with
the heavy load hoist control relay 297 in the lLft circuit,
which when energized, opens these normally closed con-
tacts and locks out the lowering circuits.

Likewise, the heavy load lowering control relay 321
includes the normally closed contacts 288 in the circuit
of the main hoist control relay, and consequently, when
the lowering circuits are being utilized, the lifting circuits
will be locked out by reason of the gpening of the latter
contacts.

When the heavy load lowering control relay 321 is
energized, it not only locks out the lifting circuits as men-
tioned, but simultaneously therewith, ¢loses the associated
normally open contacts 283 in the circuit of the first
speed relay. Also, the heavy load lowering control re-
lay closes one pair of contacts 233 which are common to
the hoist brake relay circuit and the circuit of the first
speed relay. In addition, the relay 32I brings about
energization of the “down” relay 47 and the down con-
trol relay 265 through closing of the contacts 259 in the
circuits of these relays. The “down” relay, when en-
ergized, closes the contacts 45 and 51 which determine
the lowering direction of rotation of the load motor.

The normally closed contacts 263 in the circuit to the
“down” relay are opened when the “up” relay is ener-
gized, thus locking out the “down” relay circuit, and like-
wise, the normally closed contacts 253 in the circuit to
the “up” relay, are opened when the “down” relay is en-
ergized, thus locking out the “up” relay circuit, as well
as the circuits through the hoist control relay 255 and
the auxiliary relay 257 which are in parallel with the
“up” relay.

The down control relay 265 closes the contacts 235 to
complete a circuit through the brake relay 221 and the
first speed relay 287. It also, closes the normally open
contacts 269 in series with the anti-plugging relay con-
tacts 179 to provide an anti-plugging circuit for main-
taining the down control relay energized until the motor
speed, during regenerative braking, drops to a value com-
parable to the first speed, as determined by the first speed
relay. Until the motor drops to this low speed there-
for, the down contrgl relay will maintain circuits through
the hoist brake relay and the dynamic braking relay,
whereby regenmerative braking will continue until this
lower speed is reached, and the spring actuated mechani-
cal brake on the motor will be held out of engagement
and released only when the motor speed has dropped to
such low value.

Upon bridging the second pair of contacts 325 in the
lowering set of the heavy load controller, a circuit is com-
pleted through the second speed relay 385, such circuit in-
cluding the normally closed interiock contacts 289, the
relay winding, and the contacts in common with the hoist
brake relay circuit. This relay then will increase the
lowering speed to the second stage, by increasing the
current through the control winding of the magnetic
amplifier. In like manner, the lIowering speed may be
successively increased through three additional stages,
if desired, by sequentially bridging successive pairs of con-
tacts 327, 328 and 331.

By reversing the operation of the controller, the lower-
ing speed may be reduced, and brought to a stop, the
mechanical brake then functioning to hold the motor and
load at a standstill.

Now referring to the light load controller 279, it has
associated with it, a first speed relay 351, which is con-
nectable between the control power leads 181, 183 in a
circuit including a pair of normally closed contacts 353,
a parallel arrangement of two pairs of normally open
contacts 355, 357, the relay winding, and the arrange-
ment of normally open contacts 223, 225, 227; 231, 233,
235 which are common to the brake relay circuit and the
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circuits of the speed relays associated with the heavy
load controller.

This first speed relay, however, does not become ener-
gized until a circuit is completed through the before-
mentioned normally open contacts, and this is accom-
plished through bridging of the first pair of contacts 359
in the set of contacts 281 employed for lifting operations.
Closing of the first pair of contacts, closes a circuit
through a light load hoist control relay 361 through the
normally closed interlock contacts 353, a second pair of
normally closed contacts 363, the relay winding, and the
hoist limit switch 361.

This relay when thus energized, functions along the
lines of the heavy load hoist control relay 297, in that it
closes the normally open contacts 223, common to the
brake relay circuit and the speed relay circuits; it closes
the normally open contacts 251 to complete the circuit
through the “up” relay 43, the hoist control relay 255,
and the auxiliary relay 257; and it closes one of the pairs
of normally open contacts 355 in the circuit of the first
speed relay.

Thus, the light load hoist control relay 361 sets up
the circuit through the brake relay to effect 2 withdrawal
of the mechanical brake on the load motor; it sets up
the circuit through the “up” relay which connects the load
motor across the generator for lift rotation; it completes
the circuit through the hoist control relay 255, which,
among other things, completes the circuit to the generator
separately excited field, and the magnetic amplifier; and
further, in addition to completing the circuit through the
dynamic braking relay, which serves to disconnect the
dynamic braking circuit, it closes contacts 267 to complete
the anti-plugging circuit.

The auxiliairy relay 257 which is energized along with
the “up” relay and the hoist conirol relay, as before,
closes its contacts 31 to shunt the light load current limit
relay 19,

Upon becoming energized, the first speed relay 351
in the light load hoisting cycle, closes the normally open
contacts 131 in the control winding circuit, to cause cur-
rent to flow through the control winding corresponding
to the second speed relay of the heavy load hoisting cycle.
Thus for light loads, the first speed will be comparable
to the second speed of the heavy load lifting cycle, which
is permissible in lifting lighter loads.

Upon closing of the second pair of contacts 363 in
the light load hoisting cycle, a second speed relay 367 is
thereby connected in parallel with the first speed relay.
This second speed relay also operates on the magnetic
amplifier by closing the normally open contacts 169 to
cause maximum voltage on the control winding, which
produces rated speed of the load motor and corresponds
to tl_he 5th or maximum speed in the heavy load lifting
cycle.

To this extent, the lower end of the speed range for
the light load lifting cycle, overlaps the higher end of
the speed range for the heavy load lifting cycle.

Closing of the second pair of contacts also completes
a circuit through a time delay relay 368, a pair of nor-
mally closed contacts 371, and those contacts common to
the brake relay and speed relay circuits,

The time delay relay controls a pair of normally open
contacts 373 in the circuit of a third speed relay 375
which is connected in parallel with the time delay relay,
when said time delay relay contacts are closed. It ac-
cordingly sets up the third speed relay circuit to be closed
upon bridging the third set of contacts 379.

The third speed relay when energized, among other
things, opens the normally closed contacts which shunt
the field resistor 67 in the circuit of the separately ex-
cited field of the load motor. The inclusion of this re-
sistor in the field circuit, serves to weaken the field and
bring about an increase in the speed of the load motor,
over and above that resulting in the energization of the
second speed relay.

The normally closed contacts 371 in the third speed
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relay circuit, are controlled by the light load current
limit relay 19 of the motor circuit. By selecting the re-
sistor 29 as to value, sufficient of the load curreat can be
made to pass through the light load current limit relay
19 during overloads of the order of say 125% full load,
to cause its contacts 371 to open.

When such an overload ocurs, further increase in the
lifting speed of the motor is undesirable. The time delay
relay therefore is timed to give the light load current
limit relay 19 an opportunity to sense the load condi-
tion on second speed, which is the base speed of the
motor, before closing its contacts 373 in the cirenit of
the third speed relay 375. If an overload exists the
prior opening of the contacts 371 of the light load cur-
rent limit relay will render the ciesing of the time delay
relay contacts ineffective. During light load lifiing, there-
fore, the maximum speed will be limited to the base speed
of the motor in the event of an overload.

The shunting resistor 22, when connected in circuit,
functions additionally to compensate for reversal in sys-
tem efficiency due to direction of operation, causing less
load current fiow during lowering than during lifting,
with a given hook load.

The fourth pair of controller contacts 381 are located
in a circuit through a fourth speed relay 383, such cir-
cuit including the nermally closed interlock contacts 353,
a normally open pair of contacts 385 associated with
the third speed relay 375, the relay winding, and a second
pairs of normally open contacts 387 controlled by the third
speed relay and paralleling the normally closed countacts
371 of the light load current limit relay.

Being that the third speed relay is in an energized
condition, the normally open pairs of contacts in the
fourth speed relay circuit will now be closed, and cause
the fourth speed relay to become energized. It in turn
will open its normally closed contacts §3 which shunt
the resistor 62 in the circuit of the motor field, thereby
cutting this resistor into the circuit to further weaken
the motor field and bring about increase in the speed
of the motor.

Closing of the fifth pair of contacts 38% for light load
lifting, completes a circuit through a fifth speed relay
391, which circuit includes the normally closed interiock
contacts 353, a pair of normally open contacts 383 asso-
ciated with the previously energized fourth speed relay,
the relay winding, and the normally open but now closed
contacts 387 of the third speed relay, such contacts as
previously pointed out, being in parallel with the normally
close contacts 371 of the light load current limit relay 9.

The fifth speed relay when energized, will open con-
tacts 85 which shunt the resistor 71 in the motor field
circuit, thus including such resistor, which serves to fur-
ther weaken the motor ficld and thus bring about an addi-
tional increase in the speed of the motor. At this point
the load motor is running at maximum speed which may
be of the order of 400% or more times its base speed.

By reversing the sequence of operations in the hoist
cycle of the light load controlier, the speed of the motor
may be diminished and brought to a halt when the con-
* troller is adjusted to its “off” position.

For a lowering operation on light loads, the same speed
relays are utilized, but in conjunction with the lowering
cet of contacts 283. The circuit through the first speed
relay remains substantially unchanged except for the clos-
ing of normally open contacts 357 in lieu of contacts 353,
and the closing of normally open contacts 231 and 235
in lien of contacts 223 and 227. The two mentioned pairs
of normally open contacts 357 and 231 are directly asso-
ciated with a light load lowering control relay 395 con-
nected in circuit between the control power leads, such
circuit including the normaily closed interlock contacts
353, a pair of normally closed contacts 397 and the relay
winding. This relay 395 is energized by the bridging of
the first pair of contacts 3%8.

The normally closed contacts 397 it will be noted, are
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associated with the light load hoist control relay 361
while the normally closed contacts 363 in the circuit of
the light load hoist control relay 361 are associated with
the light load lowering control relay 3%5. This estab-
lishes a lockout feature, whereby when the hoist circuits
are being utilized, the lowering circuits will be locked
out, and converssly, when the lowering circuits are being
utilized, the lifting circuits will be locked out.

The light load lowering control relay 3%5 performs
functions similar to the light load hoist control relay 361.
it closes a pair of normally open contacts 231 in that
portion of the system common to the brake relay cirenit
and the speed relay circuits; it closes a pair of contacts
261 in the circuit of the “down” relay 47 and the down
control relay 265, the “down” relay in turn closing the
contacts 45, 51 in the motor circult to establish rotation
in the lowering direction, while the down control relay in
turn closes the contacts 235 to complete the circuit through
the brake relay and partially complete the circuit through
the first speed relay 351, which circuit is completed upon
ciosing the normally cpen contacts 357 in said circuit,
which confacts are also associated with the light load
lowering control relay 395.

Thus energization of this latter elay, in terms of the
hoist equipment, connects the motor for proper direction
of rotation, withdraws the mechanical brake from the
motor, opens the dynamic braking circuit, and establishes
rotation of the motor at a minimum light load speed
comparable to the second speed for heavy load operation.

Ta terms of the control circuits, the “down” relay 47 is
energized and opens contacts 253 in the circuits of the
hoist control relay 255, the “up” relay 43 and the aux-
iliary relay 257, to preclude energization of any of these
relays.

The opening of the circuit to the auxiliary relay 257,
leaves the shumt circuit around the light load current
limit relay 19 open, thus exposing the light load current
limit relay to full load current in the motor circuit during
the lowering cycle.

Ordinarily, the loads will be sufficient to mechanically
drive the motor during lowering. For very light loads,
insufficient to mechanically drive the motor, the motor
will be electrically driven and will accordingly function
as a motor.

For loads, sufficiently heavy to mechanically drive the
motor, the motor will then function as a generator in
turn driving the direct current generator as a motor.
This unit mechanically connected to the drive motor will
function as an induction generator pumping the power
generated into the main power system.

Bridging of the second pair of contacts 392 in the
lowering cycles of the light load controller, closes a cir-
cuit through the second speed relay 367, as well as a cir-
cuit through the time delay relay 369 whose circuit in-
cludes the normally closed contacts 371 of the light load
current relay 19 and the normally open contacts 387 of
the third speed relay which contacts are in parallel with
the normally closed contacts 371,

The time delay relay delays the closing of its associated
normally open contacts 373 in the third speed relay cir-
cuit, for a time sufficient to permit the light load curreat
limit relay 19 to respond to any cverloads which may
exist at the moment in the load motor circuit. Should
such an overload exist, the light load current limit relay
contacts 371 will open before the third speed relay cir-
cuit can be closed through the time delay relay contacts.
Thus, further increase in speed of the motor above sec-
ond speed will be precluded during a light load lowering
operation, should an overload current exist.

On the other hand, if no cverload current exists, the
time delayed contacts 373 will close and complete the cir-
cuit through the third speed relay except for the bridging
of a third pair of contacts 403. This third speed relay
will not only cut in resistance 67 to effect an increase in
speed of the motor, but will at the same time, close the
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normally open contacts 385, 387 in the fourth speed relay
circuit, to set up this circuit for operation when the
fourth set of contacts 403 of the lowering set 283 is
closed.

The resulting energization of the fourth speed relay
will increase the speed of the load motor through inclusion
of the resistor 69 in the field circuit. At the same time,
the fourth speed relay will close the normally open con-
tacts 393 in the circuit of the fifth speed relay 391 to
set this relay up for operation when the controller is op-
erated to bridge the last pair of contacts 405 of the low-
ering cycle. This fifth speed relay then will further in-
crease the motor speed through inclusion of the resistor
71 in the motor field circuit,

Deceleration of the load being lowered is accomplished
through reverse sequence of operation of the controller
lowering contacts, until the “off” position is reached,
when the motor and load may be held at a fixed position
by the mechanical brake which, in the meantime, has been
permitted to effect its braking function.

During a hoisting operation on light loads where motor
speed is increased through the inclusion of resistors into
the field circuit of the motor, the sudden inclusion of re-
sistors would normally tend to produce a sharp increase
in motor armature current, which would result in jerky
operation of the hoist, not to mention the effect of the
sudden changes in load produced thereby on the hoist
equipment.

To alleviate this condition and bring about a smoother
operation, the field accelerating relay 23 is employed.
This relay as previously described, is a vibrating type re-
lay, uotilizing a double coil, the one coil 21 being con-
nected in the motor armature circuit, while the other coil
73 is included in the field circuit of the motor.

This vibrating type relay controls a pair of contacts 407
which shunt the resistors 67, 69 and 71 in the field circuit
of the load motor. The vibrating contacts alternately in-
sert and remove such resistors from the field circuit as
are being utilized, thereby causing the acceleration during
hoisting to be gradual. During lowering of a load, the
relay is rendered inoperative due to the fact that the
windings thereof are in bucking relationship to one an-
other.

During the lowering of a load, the rate of deceleration
dus to increased field strength during regenerative lower-
ing, also causes excessive motor armature currenf, re-
sulting in operation which may be somewhat jerky, and
to alleviate this condition, the vibrating relay 27 is uti-
lized.

This relay also employs two windings, one of which 25
as previously indicated, is connected in the motor arma-
ture circuit, while the other 409, is connected across
the separately excited field circuit of the motor. This
relay controls the vibration of the normally closed con-
tacts 79 which shunt the resistor 65 in the field circuit
of the motor. The vibration of these contacts during a
lowering operation will serve to smooth out the rate of
deceleration as the resistors which control field weakening
are sequentially shunted out of the circuit. During hoist-
ing, this relay becomes ineffective inasmuch as the wind-
ings of the relay will be bucking each other due to a re-
versal of the current in the motor circuit.

The system described above has speed-load character-
istics which when plotted, produce substantially flat speed
curves which drop but slightly, of the order of 5% for
the light load range, from no load to approximately 135%
full load, and less than 5% for the heavy load range.
This means, that for any speed setting of the load motor,
either hoisting or lowering throughout both the heavy and
light load speed ranges, the speed will remain substantial-
Iy unaffected by variations in load.

The field of use of the system is not limited to any one
particular type of hoist equipment, but may be employed
in cranes, trolley and bridge type of hoist equipment, or
in other known types.

From the foregoing description of our invention in its
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preferred form, it will be apparent that the same fulfills
all the objects of the invention, and while we have illus-
trated and described the same in detail, it will be apparent
that the system is subject to alteration and modifications
without departing from the underlying principles involved.
We accordingly do not desire to be limited in our protec-
tion to the specific details thus illustrated and described
except as may be necessitated by the appended claims.

We claim:

1. A hoist system comprising a hoist motor and hoist
mechanism drive-connected thereto, said hoist mechanism
including common means for connecting and lifting a
light or heavy physical load; manually controlled means
for altering the speed of said hoist motor for lifting heavy
physical loads, within a predetermined speed range; man-
ually controlled means independent of said first manually
controlled means for altering the speed of said hoist
motor for lifting light physical loads, within a speed rangs
extending above said first speed range; and means respon-
sive to utilization of one of said speed altering means for
rendering impotent, the other of said speed altering means.

2. A hoist comprising a hoist motor of a rated base
speed and hoist mechanism drive-connected thereto, said
hoist mechansim including common means for connecting
and lifting a light or heavy physical load; manually con-
trolled means for altering the speed of said hoist motor for
lifting heavy physical loads within a speed range extend-
ing below its base speed; manually controlled means in-
dependent of said first manually controlled means for
altering the speed of said hoist motor for lifting light
physical loads within a speed range extending above its
base speed but overlapping the first speed range; and
means responsive to utilization of one of said speed alter-
ing means for rendering impotent, the other of said speed
altering means.

3. A hoist system comprising a hoist motor of a rated
base speed and hoist mechansim drive-connected thereto,
said hoist mechanism including common means for con-
necting and lifting a light or heavy physical ioad; means
for altering the speed of said hoist motor for lifting heavy
physical loads within a speed range extending below its
base speed; means for altering the speed of said hoist
motor for lifting light physical loads within a speed range
extending above its base speed; means responsive to an
overload while operating said hoist motor to lift a heavy
load at a speed within the heavy load speed range, for
shuiting down said system, and means responsive to an
overload while operating said hoist motor to lift a light
load within said light load speed range, for precluding an
increase in speed of said motor beyond an intermediate
value of speed within said light load speed range.

4. A hoist system comprising a hoist motor of a rated
base speed and hoist mechanism drive-connected thereto,
said hoist mechanism including common means for con-
necting and lifting a light or heavy physical load; means
for altering the speed of said hoist motor for lifting heavy
physical loads within a speed range extending below its
base speed; means for altering the speed of said hoist
motor for lifting light physical loads within a speed range
extending above its base speed; means responsive to utili-
zation of one of said speed altering means for rendering
impotent, the other of said speed altering means; means
responsive to an overload while operating said hoist motor
to lift a heavy load at a speed within the heavy load speed
range, for shutting down said system; and means respon-
sive to an overload while operating said hoist motor to
lift a light load within said light load speed range, for
precluding an increase in speed of said motor beyond an
intermediate value of speed within said light load speed
range.

5. A hoist system comprising a hoist motor having an
armature and a field winding; hoist mechanism coupled
to said motor for lifting a physical load means including
said hoist motor for accelerating a heavy physical load
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within a predetermined range of speed; means for ac-
celerating a lighter physical load within a predetermined
higher range of speed; and means responsive to an over-
load current through said motor during handling of the
lighter load only, for precluding acceleration of said
lighter load above a predetermined intermediate speed
within said higher range of speed.
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