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5 Clains. (C. 3§-265) 

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

ít 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 
nhaintenance, lighter loads are required to be handled at 
higher Speeds. Such handling of heavy loads and light 
oads 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 load 
blocks, hoist drums, bearings, gear reducers, automatic 
safety braking devices, motors, electric brakes, con 
trollers, 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 results 
obtained, particularly inasmuch as the heavy duty equip 
ment, as previously mentioned, is utilized but infrequent 
y, while approximately 75% to 80% of all loads are 
handed 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 following 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 iowered by means of a motor 1 operating 
through conventional type hoist mechanism 3 which may 
involve a cabie drum 5, suitable Sheaves 7, 9, etc., which 
in turn support a load hook . 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 field winding 15, the circuit of the Series field 
winding including a heavy load current Sensitive relay 
17, aseries resistor 18, a light load current sensitive re 

5 

20 

30 

40 

45 

50 

60 

3,078,406 

2 
lay 9, one winding 21 of a dual winding relay 23, and 
one winding 25 of a second dual winding relay 27. The 
Series resistor 18 and relay 19 are adapted to be shunted 
by a resistor 29 through a pair of normally open contacts 3. 
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 a separately excited feld 39. 
One 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 5, normally open 
contacts 157, a series of adjustable field resistors 65, 67, 
69 and 71, and the second winding 73 of the dual winding relay 23. 
Each of the field resistors 65, 67, 69 and 71, is shunted 

by a pair of normally closed relay contacts 79, 3, 33, 
and 85 respectively. With all of resistors 67 through 7 
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 39 
and applied to the generator field through the closing 
ofeither 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 to a condition of saturation. 
The variable voltage source for the control winding 

involves a full wave rectifier 99 connected across the 
Secondary 101 of a step-down transformer 103, the pri 
mary 65 of which like the separately excited generator 
field circuit, is connectable through the normally open 
contacts 91 or S3 to the Secondary of the step-down trans 
former S3. 
The control winding rectifier 99 is selectably connect 

able directly to the control winding through either of two 
normally open pairs of contacts 187 or 39; or to the con 
trol winding through a resistor , a pair of normally 
open contacts 113 and a pair of normally closed con 
tacts 15; or it may be connected through resistor 11, a 
resistor 117 in series therewith, a pair of normally closed 
contacts 9 and a pair of normally open contacts 12; 
or a connection may be established through resistors 1, 
í7, a resistor 23, a pair of normally closed contacts 
125, a Second pair of normally closed contacts 127 and 
either of two parallel connected pairs of normally open 
contacts 129 or 13; or finally a connection may be estab 
lished through resistors 11, 117, 23, a resistor 133 in 
Series therewith, a normally open pair of contacts 35 
and a normally closed pair of contacts 37. With all re 
sistors 111, 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 maximum. 
Consequently the voltage output of the generator will 
be a minimum. AS Such resistors are removed, the cur 
rent through the control 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, 14 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 servesto limit the maximum 
to whichthe voltage across the control windingmayrise. 
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 
Ore of the magnetic amplifier, and a compensating ad 

justment resistor 149, both the Compensating winding 
and Compensating adjustment resistor being connected 
in parallel with the generator series field winding 37. 
When 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 motor armature, with 
a resulting lowering of speed of the motor. 
To further stabilize operation of the motor, insofar as 

it may be effected by erratic fünctioning of the gen 
erator, the generator separately excited field winding 39 
is Shunted by a circuit including an anti-hunt winding 5 
in Series with a condenser 53, and a resistor SS, such 
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4 
shunt circuit acting as a damp. to Sudden changes in the 
field voltage, to thereby prevent the amplifier from huiat 
I9. ihe separately excited field winding circuit of the motor 
1 is normally open by the inclusion of a pair of normally 
open contacts 157 associated with a relay i58 connected 
across one phase of the power lines and adapted to be 
closed upon energization of Such relay. 

Dynamic braking is provided for by a resistor 159 
connected through a pair of normaliy closed contacts 66 
across the motor armature. Thus under conditions where 
the armature is roiating in the absence of applied voltage, 
or as may happen in the case of a hoist, a load on being 
lowered, might overhau and drive the motor, the motor 
will function as a generator. The resistor 59 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, a 
permanent magnet type generator 161, the output of 
which is connected across the separateiy excited field 
winding 5 of the motor through a pair of normally 
closed contacts 52 which are also associated with the 
last mentioned relay. These normally closed contacts 
are therefore adapted to be opened upon energization of 
such relay, and such opening contacts will occur simul 
taneously with the closing of the contacts which places 
the field winding in circuit with its associated 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 58 will open the field circuit 
of the motor and apply excitation from the permanent 
magnet type generator in a direction to enhance the dy 
namicbraking. 
The hoist motor will further be equipped with a Sole 

noid releasable Spring actuated mechanical brake 65 
which, in the absence of power to energize the solenoid 
and Overcome the effect of the spring, will brake the 
motor. The Solenoid component of such brake is con 
nectable to the output of a rectifier 66 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 one 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 
as releases its contacts when the voltage impressed there 
on dropsto a predetermined value, 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 ismechani 
cally driven by a three phase drive motor energized from 
a three phase alternating current line. Through genera 
tor voltage control as obtainable with a magnetic ampli 
?ier, the Speed of the motor is capable of being varied 
from its base speed down to approximately 8% ofits base 
Speed, while by means offield weakening as obtainable by 
Sequential inclusion of resistors in the Separatey 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 fieldis 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 disconnected from the main power lines by 
normally open relay contacts 173. v 
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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 177 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 81 and 33. 
Connected between the control power leads, through 

two pairs of normally closed contacts 185 and 187 asso“ 
ciated with overload relays 189 and 191 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 179. 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 99, a pair of 
normally open contacts 201 and a second pair of nor 
mally closed contacts 263, is an under-voltage relay 205 
which controls a pair of normally open contacts 267 in 
one of the control power leads 13. This leaves all the 
remaining control circuits which control the actual hall 
dling of loads, dependent for power, upon the prelim 
inary energization of this relay 205. This relay on the 
other hand, cannot be energized Until the normally open 
contacts 261 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 control circuits become de-energized. 
The one pair of normally closed contacts 203, it is 

noted, is associated with an overload relay 299 in the out 
put circuit of the generator, while the other pair 199 is 
associated with the load Sensitive relay 7 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 295. 
The two pairs of normally open contacts 157 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 160 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 paralle connected 
pairs of normally open contacts 239, 241 respectively. 
Thus energization of this dynamic braking relay, which 
would 8erve to open the normally closed contacts 169 
thereof, can only occuron closing of either of the parallel 
connected pairs of contacts in circuit with this reiay. 
The normally open pairs of contacts 4 and 49, which 

determine rotation of the motor in the lift direction, are, 
a3 previously stated, controlled by relay 43 which deter 
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6 
mines the “up“ direction of lift of the motor. This relay 
is energizable from the control power leads 181, i83 
through a circuit including either of two pairs of normal 
ly open contacts 249, 251 respectively, a pair of normally 
closed contacts 253, and the relay winding. 

In parallel with the “upº relay is a hoist control relay 
255, which when energized, will effect closing of the 
contacts 9 to the separately excited field of the genera 
tor by way of the rectifier 89; also the normally open 
contacts 227 in the circuit of the brake relay 22; and also 
the normally open contacts 239 in the circuit of the 
dynamic braking relay 237. 
Also connected in parallel with the “upº 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 19 in 
the circuit to the load motor. The last three mentioned 
relays, namely, the “upº 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 25í is closed. 
The two pairs of normally open contacts 45 and 5 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 two 
parallel connectable pairs of normally open contacts 
259, 26 respectively, a pair of normally closed contacts 
263 and the relay winding. 
The normally closed contacts 253 in the “downº relay 

circuit are controlled by the “upº relay 43, whereas tie 
normally closed contacts 253 in the “upº relay circuit are 
controlled by the “downº relay 47. Thus when the “upº 
relay is energized for a lifting operation of the hoist, it 
will open the circuit to the “downº relay and lock out 
this latter relay while the lifting operation is in process. 
Conversely, while a lowering operation is in process, the 
“Upº relay carnot be energized. 

Ein parallel with the “downº relay is a down control 
relay 255 corresponding in the lowering operation of a 
load, to the function of the hoist control relay 25S 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 
24í 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 93 paralleling the 
hoist control relay contacts 91 in the circuit to the sep 
arately excited field of the generator. 

Each of these relays, 255 and 255, has an additional 
normally open pair of contacts 257, 269 respectively, in 
Series with the normally open contacts 70 of the anti 
plugging relay 169. An anti-plugging circuit is com 
pleted from control power lead i83 through parallel con 
nected relays 43, 253, 257, the normally closed contacts 
233 of relay 47, the normally open contacts 267 of relay 
255 and the normally open contacts 176 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 25S, the normally open contacts 269 
of relay 265, and the normally open contacts 76 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 231, 283 respectivey, 
the one set for the control of Jifting operations and the 
other set for the control of Iowering Operations, which 
of course requires a reverse rotation of the load motor. 

Considering the heavy load controller, it has aSSociated 
with it, a first speed determining relay 287. This relay is 
connectable in a circuit between the control power leads 
which circuit by-passes the controller contacts. Such cir 
cuit includes anormally closed pair of contacts 289, either 
of two parallel connected pairs of normally Open Contacts 
291, 293 respectively, the relay winding and, in Conimon 
with the brake relay circuit, the network of normally 
open contacts 223, 225, 227; 23, 233 and 235. 

Nothing happens in connection with this relay 287, 
however, until the controller is operated to bridge it 
first pair of contacts 295. This cioses a circuit through 
a heavy load hoist controi relay 297 including a normally 
closed pair of interlock contactS 232, a second pair of 
normally closed contacts 293, the relay winding, and a 
main hoist Switch 3Pí. 

Energization of the main load hoist control relay 237 
directly closes one pair of the normaly Open CCntacts 
Z25 in the hoist brake relay circuit, leaving the CIie nor 
maily open pair of contacts 227 yet to be closed before 
the brake relay circuit can be completed. Sinaultaneous 
jy, the main load hoist control relay 297 also coses a 
pair of contacts 249 in the circuit to the parallel con 
nected “upº relay 43, the hoist control reiay 253, and the 
auxiliary relay 257. 

Also, the main load hoist control relay 297 closes One 
of the pairs of contacts 29 in the first speed relay circuit, 
to place this relay in condition to be energized simul 
taneousiy with the hoist brake relay 22, when the Te 
Haining pair of open contacts 227 common to the cir 
cuits of these relays is closed. This Temaining pair of 
contacts is closed upon energization of the hoist controi 
relay 255, whereupon the hoist brake relay will close 
its associated contacts 67 to energize the Solenoid con 
trolled brake of the motor, to hold the same in released 
condition. 
The first speed relay 237, upon it becoming energized, 

will close the contacts 35 in the control winding circuit 
to thereby place minimum reference votage across the 
control winding 97. This circuit may be traced from the 
negative side of the rectifier 99 through the portion 43 of 
resistor 39, the control winding, normaliy closed con 
tacts 37, normally open contacts 35, resistor 33, re 
sistor 123, resistor 17, and resistor 1. This results 
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 333, serves to energize a second Speed relay 335 
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 seryes to open 
its normally closed contacts 137 located in the control 
winding circuit and simultaneously therewith close its 
normally open contacts 129 to complete a circuit fron 
the control winding through contacts 29, normaily closed 
contacts 127, normally closed contacts 125, resistor 23, 
resistor , to thereby increase the voltage across the 
control winding, by the voltage drop through the resis 
tOr 33. 

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 a 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 cCitacts 367 of the con 
troller, serves to energize the third speed relay 389 in a 
manner 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 control winding circuit and at the 
same time, close normaliy open contacts 121 to further 
increase the voltage in the control windig circuits by an 
amount equal to tie voltage drop acroSS the re3istCr 23. 
As in the previous instances, the generator field excitation 
will be increased, resulting in an increase in generator 
voltage and a correspondig increase in the Speed Cf the 
load Hotor. 

Closing of the fourth pair of contacts 3 will energize 
the fourth Speed relay 33, which in turn will Cpen Con 
tacts 19 and ciose contacts 3 to further increase the 
voltage in the control windig circuit, by an amount 
equivalent to the voltage drop through the Tesistor 7, 
thus resuiting in a further increase in Speed of the Inotor. 
Maxinum speed of the motor for heavy loads, equiva 

ent in this case to the base speed of the motor, is ob 
tained by connecting the fifth speed relay 35 in parallel 
with the previous Speed determining relays, through the 
bridging of a fifth pair of contacts 37 in the controller. 
Energization of this relay, places maximum voltage acroSS 
the control winding, by opening contacts iS and closing 
contacts 7. This enabies the generator to apply rated 
voltage to the motor armature and cause tie motor to 
Tun at base Speed. 

it may be noted at this point, the motor speed was 
controlled entirely through altering the voltage applied 
to the motor armature, from vaue Substantially less than 
rated voltage to its rated voltage, and that throughout 
this procedure, the resistors 67, 69 and 71 were Shunted 
Out of the motor field circuit. 

Deceleration during lifting, is accomplished by a re 
versal of the procedure jüst described in connection with 
the Operation of the controller, during which the con 
troller may be reversely operated back to its “off’ posi 
tion, at which time, regenerative braking sets in, if the 
notor, at the monent 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 69 is designed to open at a loy 
voltage, which may be equivalent to that voltage applied 
iC the motor from the generator at the first speed position 
of the controller. This means that the contacts asso 
ciated with the anti-plugging relay will remain closed 
Until Such voltage is reached during regenerative braking. 

t will be recalled in tiis connection, that the main 
hoist control relay 297 was instrumental in initially ef 
fecting eiiergization of the hoist control reiay 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-energization of the 
main hoist control relay, but will remain energized until 
the voltage generated 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 tie fact that a Sudden 

reversal of the controller will prevent 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 motor 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 connectien, it is noted that the 
Speed control is exercised through the same relays as in 
lifting the load, and the first speed relay 287 bears the 
Same relationship to the second 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 39 of the Second set, which causes the energization 
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of a heavy load lowering control relay 321 through a 
circuit including the normally closed interlocking con 
tacts 239, a second pair of normally closed contacts 323 
and the relay winding. 
The normally ciosed contacts 323 are associated with 

the heavy load hoist control relay 297 in the lift 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 299 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 opening of the latter 
COntactS. 
When the heavy load lowering control Telay 321 is 

energized, it not only locks out the lifting circuits as men 
tioned, but simultaneously therewith, closes the associated 
normally open contacts 293 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 32 brings about 
energization of the “downº relay 47 and the down con 
trol relay 265 through closing of the contacts 259 in the 
circuits of these relays. The “downº 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 253 in the circuit to the 

“downº relay are opened when the “upº relay is ener 
gized, thus locking out the “downº relay circuit, and like 
wise, the normally closed contacts 253 in the circuit to 
the “upº relay, are opened when the “downº relay is en 
ergized, thus locking out the “upº relay circuit, as well 
as the circuits through the hoist control relay 255 and 
the auxiliary relay 257 which are in parallel with the 
“upº relay. 
The down controi 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 7 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 control relay will maintain circuits through 
the hoist brake relay and the dynamic braking Telay, 
whereby regenerative 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 365, Such circuit in 
cluding the normally closed interlock 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 lowering speed may be 
successively increased through three additional Stages, 
if desired, by sequentially bridging Successive pairs of con 
tacts 327, 329 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 35, which is con 
nectable between the control power leads 18, 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; 23, 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 accorn 
plished through bridging of the first pair of contacts 359 
in the set of contacts 28 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 36. 
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 “upº 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 a withdrawal 
of the mechanical brake on the load motor; it Sets up 
the circuit through the “upº 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, competes 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 “upº relay and the hoist control relay, as before, 
closes its contacts 3 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 31 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 365 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 99 to 
cause maximum voltage on the control winding, which 
produces rated Speed of the load motor and corresponds 
fO 5th or maximum speed in the heavy load lifting 
CYC1€. 
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 369, a pair of nor 
mally closed contacts 37, and those contacts common to 
the brake relay and speed relay circuits. 
The time delay relay controis 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. t 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 current 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 37 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 i9 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 circuit 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 cicsing of the time delay 
relay contacts ineffective. During light load lifting, there 
fore, the maximum speed will be limited to the base speed 
of the motor in the event of an overioad. 
The Shunting resistor 29, when connected in circuit, 

functions additionally to compensate for reversal in sys 
tem efficiency due to direction of operation, causing less 
load current flow during lowering than during lifting, 
with a given hook load. 
The fourth pair of controller contacts 38 are located 

in a circuit through a fourth speed relay 383, such cir 
cuit including the normally 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 337 controlled by the third 
Speed relay and paralleling the normally closed contacts 
37 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 33 which Shunt 
the resistor 69 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 389 for light load 
lifting, completes a circuit through a fifth speed relay 
39, which circuit includes the normally closed interiock 
contacts 353, a pair of normally open contacts 393 asso 
ciated with the previously energized fourth speed relay, 
the relay winding, and the normally open but now closed 
contacts 337 of the third Speed relay, such contacts as 
previously pointed out, being in parallei with the normally 
close contacts 37 of the light load current limit relay 19. 
The fifth Speed relay when energized, will open con 

tacts 35 which. shunt the resistor 71 in the motor field 
circuit, thus including such resistor, which serves to fur 
ther weaken the motor field 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 Teversing the sequence of operations in the hoist 
cycle of the light load controller, the speed of the motor 
may be dirninished and brought to a halt when the con 

- troller is adjusted to its “offº position. 
For a lowering operation on light loads, the same speed 

relays are utilized, but in conjunction with the lowering 
set of contacts 233. The circuit through the first speed 
relay remains Substantialiy unchanged except for the clos 
ing of normally open contacts 357 in lieu of contacts 355, 
and the closing of normally open contacts 231 and 235 
in lieu of contacts 223 and 227. The two mentioned pairs 
of normally open contacts 357 and 23 are directly asso 
ciated with a light load lowering control relay 395 con 
nected in circuit between the contro power jeads, such 
circuit including the normally closed interlock contacts 
353, a pair of nCrinally closed contacts 397 and the relay 
winding. This relay 395 is energized by the bridging of 
the first pair of contacts 398. 
The normaly closed contacts 397 it will be roted, are 
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associated with the light load hoist control relay 361 
while the normally closed contacts 353 in the circuit of 
the light load hoist controi relay 35 are associated with 
the light load lowering control relay 395. This estab 
lishes a lockout feature, whereby when the hoist circuits 
are being utilized, the lowering circuits will be locked 
out, and conversely, when the lowering circuits are being 
utilized, the lifting circuits will be locked out. 
The light load ?owering control relay 395 performs 

functions sinnilar to the light load hoist control relay 36. 
t closes a pair of normally open contacts 23 in that 
portion of the system common to the brake relay circuit 
and the Speed relay circuits; it closes a pair of contacts 
26 in the circuit of the “downº relay 47 and the down 
control relay 265, the “downº relay in turn closing the 
contacts 45, 5 in the motor circuit 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 reiay 351, which circuit is completed upon 
closing the normally open contacts 357 in Said circuit, 
which contacts are also associated with the light load 
lowering control relay 395. 
Thus energization of this latter relay, 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. 

In terms of the control circuits, the “downº relay 47 is 
energized and opens contacts 253 in the circuits of the 
hoist control relay 255, the “upº relay 43 and the auX 
iliary relay 257, to preclude energization of any of these 
relays. 
The opening of the circuit to the auxiliary Telay 257, 

leaves the shunt 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 399 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 normaily closed contacts 371 of the light load 
current relay 9 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 current 
limit relay 9 to respond to any overloads 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. 
ihus, 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 Overload 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 463. 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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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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