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This invention relates to mine hoist control 
Systems. 
One object of my invention is to provide a 

System in which the motor circuit and the cir 
5 cuits for the control equipment are compen 

Sated for various conditions of operation of a 
skip or cage from different levels in a shaft con 
partment. 
Where cylindro-conical drums or bi-cylindro 

10 conical drums or reels are employed for the pur 
pose of reducing power requirements during the 
accelerating period and for the operation fron 
the lower levels of the mine shaft, greater coun 
terbalancing effects are obtained With the empty 

15 skip or cable suspended from a large diameter, 
corresponding to the skip or cage position in the 
upper parts of the shaft and the other skip or 
cage suspended from a small diameter or drum 
and is positioned at the lower level of the shaft. 
The benefit of this type of hoist drum may be 

lost in a more or less degree when the drums are 
set to operate the cages from upper levels. Un 
der this condition the loaded skip Or Cage may 
be suspended from a part of the drum on Which 
the diameter approaches the maximum, So that 
conditions of operation on both drums approach 
the condition of operation on a cylindrical drum. 
At the same time, when hoisting from the up 

per levels, the average hoisting speed is greater 
than , when hoisting from the lower levels, be 
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30 
cause of the greater average drum diameter On 
which the rope is wound at the time that the 
skip or cage is at the upper level. 
Such operation at high hoisting Speed, and in 

balance, from the upper levels, because of the 
extra power requirements during the accelerat 
ing period, tends to result in increased heating 
in the direct current motor, and in the direct 
current generator which Supplies the motor On 
a variable voltage System. However, since for 
the same production a lower rope speed is per 
missible from the upper levels, a saving in the 
size and capacity of the direct current driving 
motor and in the motor generator set Supply 
ing it can be made by providing for an automatic 
reduction in the maximum motor speed by in 
creasing its field strength when the drums are 
set for balanced operation above a predetermined 
level. 
Another object of my invention, therefore, is to 

provide a control system for normally balanced 
mine hoist operation in which provision is made 
for automatically reducing the maximum notor 
speed that may be attainable when the drums 
are set for balanced operation above a prede 
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(CI. 187-29) 
termined level in the shaft compartments. A 
specific provision of this general object is to 
reduce the maximum motor speed attainable, 
by increasing the excitation or field strength of 
the motor by over-energizing the field Winding 
considerably beyond its normal operating re 
quirements for operation from the lower levels 
of the nine. : 
Another object of my invention is to provide 

a system whereby the location of the starting 
position of the cage during a hoisting operation 
may be mechanically detected and utilized to 
establish a control function in the operation of 
the system to permit the motor to operate at 
high speed when a cage is hoisted from a lower 
level, and to automatically control the motor to 
reduce the permitted maximum motor Speed 
When the hoisting operation of a cage is started 
from an upper level. 
In order to change the hoist System from bal 

anced operation at a lower level to balanced 
operation at an upper level, the relative position 
of the drums to each other must be modified. 
During balanced operation the two drums may 
be connected through a single clutch to permit 
both drums to be connected to the driving mech 
anism or drive shaft, and thence to two driving 
motors. In one position of this clutch, both 
drums would be connected to the drive shaft and 
thence to both driving motors for balanced Oper 
ation. In another position of the clutch, either 
drum might be driven by its corresponding motor 
With the other drum remaining at rest and held 
against rotation by a gravity brake. The latter 
arrangement would provide for unbalanced op 
eration of the System from either drum as de 
Sired. 
A further object of my invention, therefore, is 

to provide a control function in the system to 
establish an increase in the motor field strength 
automatically when the clutch is set for unbal 
anced operation from either system. 

In the usual arrangement at present gener 
ally employed, two motor generator sets are used, 
and the shunt field Windings of the motor are 
Connected in Series in One circuit, and the Shunt 
field windings of the generator are connected in 
Series in a second circuit, in Such manner as 
to provide for and to permit the simultaneous 
energization of both sets of Windings. When One 
motor generator Set, as a unit, is not to be en 
ployed and one drum is to be held stationary for 
unbalanced operation with the other drum, the 
unused generator is arranged to be electrically 
isolated by a short circuiting connection which 
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2 
then energizes the operating motor alone from 
its generator. Under such condition of unbal 
anced operation, it is desirable to deenergize the 
field windings of the motor and of the generator 
of the unused set. 
A further object of my invention, therefore, is 

to provide a System whereby the field windings 
of the unused motor and generator units are ef 
fectively isolated by a short circuit around the 
field winding. A dummy resistor, whose resist 
ance is made equal to the resistance of each of 
the field Windings, is thus included in the cii'- 
cuit of the operating field winding so that when 
the dummy resistor is substituted for either field 
Winding the proper previously determined field 
excitation is retained for the operating winding. 
Other objects and advantages Will become 

more apparent from a study of the following 
Specification. When considered in conjunction 
With the accompanying drawings, in which: 

Figures 1 and 1d together form a Schematic 
showing of a control System embodying the prin 
ciples of my invention. 

Fig. 2 is a Schematic showing of a control Sys 
tem embodying a modification of my invention. 

Referring to Figure 1, a mine hoist System for 
operating two skips or cages and 2 is pro 
vided briefly with two main variable voltage di 
rect current generators 3 and 4, and two direct 
current inotors 5 and S to control the raising and 
lowering of the cages and 2 through two drums 
and 8 that may be disconnected for independ 

ent operation, or connected for joint operation, 
through a clutch 9. 
The two generators 3 and 4 may be operated by 

any suitable notive power Such as engines Or 
other motors, the usual arrangement being pref 
erably to use alternating current motors with 
Which the generators will constitute motor 
generator units. The nature of the motive power 
for the generators is immaterial for the present 
invention, and for the Sake of simplicity is not 
Showin. The alrmature of the motors and of the 
generators are connected in Series in a closed 
circuit through two circuit breakers and 2. 
A third circuit breaker 3 is provided to short 
circuit the combined arnatures of one generator 
Inotor unit in Order to provide a closed circuit 
for the other generator notor unit. When the 
first unit is not to be employed. 
The two motors 5 and 6 are illustrated, for sin 

plicity, as being mechanically connected through 
Suitable gearing 0 and 4 which, in turn, are 
interconnected thi'Ough a clutch 9. The drum 8 
is shown coupled to gearing 4 (which drum 8 
may be held against rotation by a brake 5). 
The dium is arranged to be driven by the drum 
8 through the gearing 4, clutch 9 and gearing 
9. When the clutch 9 is disengaged, however, 

the drum is held against rotation by its brake 6. 
The generators 3 and 4 are provided with field 

windings fi and 8, respectively, and those wind 
ings aire arranged to be connected individually in 
Series circuit relation With a dummy resistor f 9 
to compensate for the resistance lost by the omis 
Sion of the other field winding. The field wind 
ing circuit, including the two field windings 
and 8 and the dummy resistor 9, is arranged 
to be connected to a suitable source of energiz 
ing current Such as a direct current exciter whose 
terminals are indicated by the positive and nega 
tive Signs, respectively, through a bridge ar 
rangement of leversing Switches 22 and 23 or 24 
and 25, to provide Selective energization of the 
generator field windings of the proper polarity 

2,228,072 
to establish the rotation of the motors in either 
direction, as desired. 
In Order to render the dummy resistor 9 ef 

fective or non-effective in the energizing circuit 
of the generator field windings, two by-pass re 
lays 26 and 27 are provided to cooperate to estab 
lish a short circuiting connection around the 
dummy resistor 9 when both relays are ener 
gized, but to open the short circuit by-pass con 
nection when either relay 26 or 27 is deenergized 
and open. Either relay 26 or 27 in its energized 
position connects its associated generator field 
Winding in the energizing circuit, and in its de 
energized position disconnects the associated field 
Winding from the energizing circuit. 
The two motors 5 and 6 are similarly provided 

with shunt field windings 3 and 32 connected in 
Series relation through a dunnily resistor 33. By 
passing relays 34 and 35 in their energized con 
dition are both ari'anged to establish the by-pass 
ing short-circuit connection around the dummy 
resistor 33, and at that time also connect the 
two windings 3 f and 32 directly to the energizing 
exciter circuit. When either of the by-passing 
relays 34 and 35 is deenergized, it disconnects itS : 
associated field Winding from the energizing cir 
cuit and at the same time breaks the by-pass 
short-circuiting connection around the dummy 
resistor 33 to substitute that resistor for the dis 
connected field Winding. 
The field winding circuit for the motor Wind 

ings 3 and 32 also includes a group of Series 
connected resistors 36, 37, 38 and 39 which are 
arranged to be Suitably controlled by the contact 
members of relays 4, 42 and 43 to modify the 3 
degree of energization of the field Winding cir 
cuit to establish a desired type of operation of 
the motorS, in a manner that will be explained. 
As previously mentioned, the System may be 

operated normally in balance for Operation of the 
skips or cages at the lower level. The weight of 
the rope or cable of the lower skip or cage be 
comes an appreciable item in the total weight of 
the cage in the lowered position at tile lower level. 
Under Such conditions the conical shape of the 
drum is effective to provide a greater leverage to 
the Skip or cage at the top of the shaft com 
partment. Therefore, when the lower cage is to 
be raised from the lowermost level, the maximum 
balancing effect of the upper cage will be avail 
able and the power necessary to accelerate the 
Skip or cage from the lowermost level will be a 
minimum. The System may, therefore, be oper 
ated at its maximum speed since the power de 
mand to Start or accelerate the hoist system may 
be Well Within the capacity of the motor units. 
Under such conditions the System may, therefore, 
be set to operate to raise the cage from its lower 
most position at maxinuin Speed. 
When the System is to be operated, however, 

between the top of the shaft and the intermediate 
level, the Suspending cable for the lower cage at 
the intermediate level will at that time be wound 
upon a relatively large diameter of its drum and 
the counterbalancing benefit of the other cage 
Will therefore be lessened, since there will be a 
Smaller beneficial ratio between the relative di 
annetters at which the two cables are wound upon 
their respective drums. Consequently, a greater 
Starting load will be impressed upon the motors 
When the System is Operating at balance for op 
eration fron an upper level. To operate the sys 
ten from Such upper level, at the high speed 
possible and desirable from the lowermost level, 
Would impress a load on the motors and the gen 
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2,228,072 
erators that would cause overheating under con 
tinuous operation unless such motors Were made 
oversize. Since relatively the same production is 
available from the upper level even at a reduced 
speed of the hoist motor, there is no objection to 
operating the System at a reduced speed above 
the intermediate level. In order to limit the 
maximum motor speed that may be attained, 
however, while at the same time providing addi 
tional power to the motors When operating from 
the intermediate level, provision is made to short 
circuit and effectively eliminate the resistors 37, 
38 and 39, under various conditions, to establish 
the correspondingly appropriate energization of 
the motor field WindingS. 

In the drawings, all the terminals marked (--) 
and (-) may be aSSumed to be energized from 
the same direct current source or exciter. 

Selector SWitch 44 is for the purpose of Select 
ing either of the skips and 2 for individual (or 
unbalanced) operation or both for simultaneous 
(or balanced) operation. Generally speaking, 
When the right hand contact members of Selector 
Switch 44 are closed the right skip is selected 
and isolated for unbalanced operation whereas if 
the left hand contact members of selector switch 
44 are closed the left Skip 2 is selected and iso 
lated for unbalanced operation. On the other 
hand, if the central contact members of selector 
Switch 44 are closed (as ShoWn in the dra WingS) 
both skips and 2 are selected for simultaneous 
or balanced operation. After the Selector SWitch 
44 is set for the desired operation of the Skip or 
skips, the drum controller 60 is moved either in 
one direction or another depending upon the di 
rection of movement desired of the skip or skips. 
Assume that the right hand skip is desired 

for unbalanced (Sole) Operation in an upWard 
direction, hence that the right hand contact 
members of Selector Switch 44 have been closed 
then a circuit is completed from the selector 
switch (--) terminal through the actuating coil 
45 of the relay 46. Upon operation of relay 46 
the contact members thereof Will be in Such posi 
tion as to select a control circuit which Will allow 
operation of the right drum T Only. 
cifically, when relay A6 is energized a circuit is 
completed from the (--) terminal through the 
contact members 47, conductor 48, the clutch 
disengaging coil 49 to the (-) terminal, Ener 
gization of coil 9 will rock ever 50 and overcome 
the biasing action of Spring 5: thus disengaging 
clutch 9. Another circuit Will be completed from 
the (--) terminal, through contact members 52, 
conductor 53, the actuating coil of relay 4 to the 
(-) terminal. Energization of relay 4 effects 
shunting of resistors 37 and 38. Still another 
circuit is completed from the (--) terminal 
through contact members 54, conductor 55, the 
actuating coil of relay 56 to the (-) terminal. 
Actuation of relay 56 closes circuit breaker 3. 
Still another circuit is completed from the (--) 
terminal, through contact members 57, conductor 
58, the actuating coil of circuit breaker 2 to the 
(-) terminal. Energization of relay 46 also ef 
fects opening of contact members 76 which effects 
deenergization of the coil of relay 35. Energiza 
tion of relay 46 also effects opening of contact 
members 9 which effects deenergization of brake 
solenoid 5a of brake 5 so as to allow the Spring 
5 b thereof to hold drum 8 stationary. 
Still assuming that the right hand contact 

members of Selector Switch 44 are closed let uS 
now assume that the drum controller 60 is moved 
to the first step of the right hand contact men 

More Spe-. 

3. 
bers. A circuit will thus be completed from the 
(--) terminal of the drum controller 60 through 
the first step of the right hand contact members, 
conductor 6, both of the actuating coils of re 
versing Switches 22 and 23 to the (-) terminal. 
Another energizing circuit similarly will be COm 
pleted through conductor 62 and the actuating 
coils of relays 63 and 64. Still another energiz 
ing circuit will be completed through conductor 
65 and the coil of relay 43 to effect short circuit 
ing of economy resistor 39, (which resistor is 
merely used to conserve power while the motor is 
idle). Still another circuit will be completed 
from the (--) terminal of the drum controller 
through conductors 98 and 99, contact members 
80, conductor 00, brake solenoid 6d to the (-) 
terminal to disengage brake 6. The completion 
of the above described control circuits will effect 
completion of a motor field excitation circuit 
from the (--) terminal through contact members 
72, conductor 73, resistor 39, the bridged contact 
member of relay 4, resistor 36, conductor 28, 
the bridged central Contact members of by-pass 
relay 35, dummy resistor 33, field winding 3, the 
bridged middle contact members of by-pass relay 
34, conductor 29, contact members 30 to the (-) 
terminal. 
The completion of the above described control 

circuits will also effect completion of a generator 
field excitation circuit from the (--) terminal 
through contact members 72, conductors 8 and 
82, the bridged contact members of reversing 
switch 22, conductor 83, resistors 84, 85, 86, con 
ductor 87, bridged contact members 88 by by-pass 
relay 27, conductors 89, dummy resistor 9, gen- ' 
erator field winding , contact members 90, con 
ductor 9, reversing switch 23, conductor 92, con 
tact members 30 to the (-) terminal. 

If it were desired to move skip in the op 
posite direction, that is, to lower it instead of 
raising it, the left contact members of the drum 
would be closed (instead of the right) thus con 
pleting a circuit through the actuating coils of 
reversing Switches 24 and 25 (instead of 22 and 
23) hence reversing the direction of energizing 
current through field Winding 31. 
Assuming that if it were desired to operate only 

the left skip , then selector switch 44 would be 
moved to the left position thus completing an 
energizing circuit through the actuating coil of 
relay 74 which in turn completes a Series of 
control circuits similar to the previously de 
scribed operation of the right hand skip , more 
specifically, closing of contact member 75 effects 
energization of circuit breaker f ; opening of 
contact members 96 effects deemergization of by 
pass relay 34 thus shunting out motor field Wind 
ing 3 and inserting resistor 33 in series with 
motor field winding 32; closing of contact mem 
bers 77 effects energization of the actuating coil 
of circuit breaker f3; closing of contact men 
bers 78 effects energization of relay 4 and shunt 
ing of resistors 37 and 38 to increase the motor 
field current and reduce the maximum Speed; 
closing of contact members 79 effectS energization 
of coil 49 and disengagement of clutch 9; and 
opening of contact members 80 effects deener 
gization of brake solenoid 6a thus allowing the 
spring 6b to apply brake 6. 
Assuming that if it were desired to operate 

both skips and 2 simultaneously, that is, in 
balance, then the selector switch 44 will be placed 
in the mid-position (as shown in the drawings), 
hence a circuit will be completed through the coil 
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4. 
of relay Of thus effecting closing of contact 
members 02 and 103 which, in turn, complete 
separate energizing circuits through circuit 
breakers and 2. Since both relays 46 and 74 
remain deenergized contact members 97 and 80 
thereof, respectively, remain closed thus com 
pleting an energizing circuit through both brake 
solenoids 5a and 6a to release the brakes. 
Clutch. 9 is engaged by spring 5. Furthermore, 
Since contact members 6 and 96 of relays 46 and 
74, respectively, are closed both of the by-passing 
relays 34 and 35 will be energized thus complet 
ing a circuit through both motor field Windings 
3 and 32. Also both of the by-pass relays 26 
and 27 will be closed, hence another circuit will 
be completed through both generator field wind 
ings 7 and 8. 

In the second and third position of controller 
60 (in either direction) a circuit Will be con 
pleted through conductors 04 and 05, respec 
tively, to effect energization of relays 06 and 
Oil, respectively, so as to Successively shunt out 

resistors 84 and 85 in the generator field circuit 
to afford speed control. While only two steps of 
speed control have been shown, for Simplicity, 
it is apparent that any number of Steps may 
be used instead. 
When drum controller 60 is moved to the first 

step (in the right or hoisting direction) a circuit 
will be completed from the (--) terminal through 
contact members 66 of reversing Switch 22, con 
ductor 67, the right hand contact members of 
limit switch 68 (assuming skips and 2 are 
operating in balance and that skip is below a 
predetermined intermediate level), the actuating 
coil of relay 69 to the (-) terminal. The upper 
contact members of relay 69 will effect an inter 
lock, permitting relay 69 to Seal itself in an en 
ergized condition while the opening of the lower 
contact members of relay 69 maintains relay TO 
deenergized thereby interrupting the circuit 
through relay 42 even after skip f has been 
moved above the predetermined intermediate 
level after the movable element of limit SWitch 
68 has moved to the left stationary contact mem 
ber thereby keeping resistor 38 in the motor field 
and allowing maximun Speed of the motor in 
driving skip in the entire upward direction. If 
it had been assumed that skip Was already 
above a predetermined level at the time it was 
to be hoisted then the left hand contact men 
bers of limit switch 68 would have closed effecting 
energization of relay 70 and closing of the con 
tact members of relay 79 and would have com 
pleted a circuit through relay 42 to Short circuit 
resistor 38. 

If it had been assumed, instead, that skips 
and 2 Wel'e operating in balance but that their 
suspending cables were both Wrapped around 
their respective drums so that they would be op 
erating above a predetermined intermediate level 
then the screw propelled nut 7 of Switch 68 
would have thrown the inovable contact ele 
ment thereof to the left hand Stationary contact 
member thus completing an energizing circuit 
through relay 70 hence completing a circuit from 
the (--) terminal of drum 60 through conductors 
65 and 93, the bridged contact members of relay 
70, conductor 40, the actuating coil of relay 42 
to the (-) terminal. Energization of relay 42 
Would short circuit resistor 33 thus increasing 
the motor field strength and decreasing the maxi 
mum possible Speed of the motors. A similar 
limit SWitch f8 is provided in connection with 

2,228,072 
contact members of reversing Switch 24 and 
drum 8 which would operate the same way as 
limit switch 68 together with its associated re 
versing Switch 22. 

In Fig. 2 a modification of my invention is 
shown in Which tWO clutches 09 and f 0 are used 
instead of the single clutch 9 of Fig. 1 and in 
which corresponding clutch solenoids 9a, and 

Oa are used. The clutch operating levers each 
include a slot So as to permit operation of One 
clutch Without interfering with the other. Also 
in Fig. 2 a single motor 6 and generator 4 are 
used which generator motor set can selectively 
drive either of the skips and 2 or both depend 
ing upon the setting of selector switch 44'. The 
controller 60' is essentially the same as controller 
60 of Fig. 1, since it selects the direction of drive 
of the skip. The remaining parts are identical 
to those described in Fig. 1 and are identified 
by the same reference numerals and the opera 
tion thereof is the same, hence it is deemed that 
further description is unnecessary. For this type 
of hoist it will be apparent that an increase in 
notor field strength (by short circuiting resistor 
38) is automatically obtained when the clutch is 
Set for unbalanced operation from either drum 
So as to reduce the maximum speed inasmuch 
as the torque required to operate a single un 
balanced drum Would be high. In this manner 
the developed horsepower is restricted in value. 
ASSume that it is desired to operate only the 

right hand skip and to maintain the left hand 
skip 2 stationary. Selector switch 44' is moved 
to the "right' position, thereby completing a cir 
cuit from the (--) terminal through conductor 
f f2, clutch coil 09a to the (-) terminal, thereby 
causing movement of armature if 3 to the left, 
effecting disengagement of clutch 09 and re 
taining engagement of clutch G (by the force 
of Spring 4) due to the pin and slot connection 
f5. Another circuit will be completed from the 

(--) terminal of selector switch 44, through con 
ductor 6, relay 4 f to the (-) terminal, thereby 
causing short circuiting of resistors 3T and 33. 
ASSune further that it is desired to hoist the 
skip . Drum controller 60' is thus moved to 
the "hoist' position thereby connecting the (--) 
terminal of the drum controller through a plu 
rality of circuits to a (-) terminal which cir 
cuits are (in order, from top to bottom) as foll 
lows: a circuit through conductor if 7, a segment 
of Selector Switch 44, conductor f 18 through 
brake coil f6a, thereby releasing brake 6; a cir 
cuit through conductor f9 and the operating 
coil of line contactor relay 20, thereby closing 
contact members 2 to complete an energizing 
circuit through motor field winding 32, also clos 
ing contact members 22 to complete a circuit 
through generator field winding 8, a circuit 
through conductor 23 and the coil of relay 43 
to effect short circuiting of economy resistor 39; 
a circuit through conductor (24 to the coils of 
reversing Switches 22 and 23, thereby selecting 
the direction of current application through the 
generator field Winding 8, which in this instance 
may be traced from the (--) terminal adjacent 
One of contact member's 22, thence through con 
tact members 22, conductor 25, contact mem 
bers 22, conductor 26, generator field winding 
8, resistors 86, 85 and 84, conductor 27, con 

tact members 23 to the (--) terminal, thereby 
generating current in the generator field wind 
ing in Such direction as to cause motor 6 to drive 
drum So as to wind the cable and raise skip . 
Upon moving drum controller 60 to the sec 
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2,228,072. 
ond "hoist' position a circuit will be completed 
through conductor 28 and relay 06 to effect 
Short circuiting of resistor 84-and upon remov 
ing the drum controller to the third "hoist' po 
sition a circuit will be completed through both 
conductors 28 and 29 to both relays 06 and 
07, respectively, to effect short circuiting of re 

sistors 84 and 85 to further increase the strength 
of generator field Winding 8 for effecting in 
crease in hoisting Speed. 

If it were desired to lower the right skip f in 
stead of raising it, drum controller 6' Would be 
moved to the "lower' position and the same cir 
cuits as outlined above Will be completed With 
the exception that instead of a circuit through 
conductor 24 and the coils of reversing SWitches 
22 and 23, there would be completed a circuit 
through conductor 30 and the coils of reve'Sing 
switches 24 and 25 to effect reversal of the di 
rection of current flow through generator field 
winding 8, hence causing downward drive of 
skip . 

If it were desired to operate both skips and 2 
simultaneously for balanced operation, Selector 
switch 44' would be placed in the mid position, 
as shown in the drawings (indicated as “both'). 
In such position no circuit will be completed 
through conductor G and relay 4 i, therefore 
resistors 37 and 38 remain in the motor field 
circuit, thereby permitting maximum motor 
speed. In such position, also, neither of the 
clutch coils O9d, or Oa is energized, hence both 
clutches 09 and i i remain engaged. Also both 
of the brake coils 5a, and 6a, are energized 
through conductors 3 and 8, respectively, 
thereby overcoming the action of Springs 5b. 
and 6b and releasing brakes 5 and is, respec 
tively. 

During balanced operation with both skips it 
will also be noted that the circuit through con 
ductor f6 and relay 4 is interrupted, hence 
this relay will not effect shunting of resistors 37 
and 38. As reversing switch 23 closes, contact 
members 32 simultaneously close and complete 
a circuit through the right hand contact men 
bers of limit switch 68 (assuming that skip is 
initially below an intermediate level) and the 
coil of relay 69 is energized, thus closing inter 
locking contact members 33 which will bridge 
the right hand contact members of limit Switch 
68 and maintain relay 69 energized as long aS 
reversing switches 22 and 23 remain closed. Thus 
as skip passes the intermediate level at which 
the movable contact member of the limit SWitch 
68 moves to the left, the circuit through the coil 
of relay 69 is broken by the presently open con 
tact members 34 of relay 69. Thus for hoisting 
from positions below an intermediate level, the 
hoist speed is not reduced as skip passes the 
level except that if skip should be stopped above 
this level and restarted to hoist skip again, 
then the remainder of the hoisting cycle Will be 
made at reduced speed, for this would mean that 
upon such restarting, a circuit will be completed 
through the left hand contact members of limit 
switch 68, the coil of relay 70 and contact mem 
bers 34, thereby effecting completion of another 
circuit through relay 42 to effect shunting of 
resistor 38. Similarly if the left skip 2 is raised 
from a position above a predetermined inter 
mediate level (as shown in the drawingS) a cir 
cuit will be completed through the right hand 
contact members of limit switch 08 through 
the coil of relay f35, hence completing another 
circuit through relay 42 to shunt resistors 3 
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and 38 for reduced maximum speed operation. 
Had skip 2 been raised from a position lower 
than the intermediate level, the left hand con 
tact members of limit Switch 08 Would have 
been closed and the circuit through relay 35 
would have been interrupted. The remainder of 
the operation is exactly the Same as described 
above in connection with a single skip operation 
except, of course, that the motor 6 drives both 
of the skips and 2 (since they are coupled) in 
stead of a single skip. 
While a single clutch hoist (Fig. 1) and double 

clutch hoist (Fig. 2) have been described, other 
types of hoists could be adapted so as to use the 
feature of an adjustable speed motor With a con 
trol scheme to give increased field strength auto 
matically When the clutch or clutches are set for 
unbalanced Operation. 

Furthermore, while Fig. 1 shows two driving 
motors and two driving generators, the invention 
could be equally applied to a scheme, for ex 
ample, employing a single motor supplied by one 
or more generators, as shown in Fig. 2. 

I am, of course, aware that others, particularly 
after having had the benefit of the teachings of 
my invention, may devise other devices. embody 
ing my invention, and I, therefore, do not wish 
to be limited to the specific showings made in 
the drawings and the descriptive disclosure here 
inbefore made, but wish to be limited only by the 
Scope of the appended claims and such prior 
art that may be pertinent. 

I claim as my invention: 
1. In a mine hoist control System, the com 

bination with a generator-motor set, having a 
field winding for the generator and a field Wind 
ing for the motor, a cage, a cable for supporting 
the cage, and a drum driven by the motor to 
Wind the cable in or out, of means for controlling 
the excitation of the field winding of the motor, 
and means responsive to the starting terminal 
position of the cage for controlling the excita 
tion means to determine the degree of excitation 
according to the location of the starting terminal 
position. 

2. In a mine hoist control system, the combi 
nation with a generator-motor set, having a field 
winding for the generator and a field winding for 
the motor, a cage, a cable for supporting the 
cage, and a drum driven by the motor to Wind 
the cable in or out, of means for controlling the 
excitation of the field winding of the motor, and 
means responsive to the starting terminal posi 
tion of the cage for controlling the excitation 
means to determine the degree of excitation ac 
cording to the location of the starting terminal 
position, of a source of excitation for the field 
winding of the motor, a resistor in the circuit of 
the field winding, a switch operative to short 
circuit the resistor when the switch is moved to 
closed position, a limit switch movable to either 
of two positions according to the position of 
the cage, and means controlled by the limit 
switch for controlling the short-circuiting switch 
to short-circuit the resistOr. 

3. In a mine hoist control System, the combi 
nation with a generator-motor set, having at field 
winding for the generator and a field winding 
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for the motor, a cage, a cable for supporting 
the cage, and a drum driven by the motor to 
Wind the cable in or out, of means for control 
ling the excitation of the field winding of the 
motor, and means responsive to the starting ter 
minal position of the cage for controlling the 
excitation means to determine the degree of ex 
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6 
citation according to the location of the starting 
terminal position, of a Source of excitation for 
the field Winding of the motor, a resistor in the 
circuit of the field winding, a Switch operative 
to short-circuit the resistor When the Switch is 
moved to closed position, a limit switch movable 
to either of two positions according to the posi 
tion of the cage above or below an intermediate 
level, and means controlled by the limit Switch 
according to its position at the starting terminal 
position of the cage for controlling whether the 
short-circuiting switch for the resistor shall be 
Operated or not. 

4. In a mine hoist control system, the combi 
nation. With a generator-motor Set, having a field 
Winding for the generator and a field winding 
for the motor, a cage, a cable for supporting the 
cage, and a drum driven by the motor to wind 
the cable in or out, of means for controlling the 
excitation of the field winding of the motor, and 
means responsive to the starting terminal posi 
tion of the cage for controlling the excitation 
means to determine the degree of excitation ac 
cording to the location of the starting terminal 
position, of a source of excitation for the field 
Winding of the motor, a resistor in the circuit 
of the field Winding, a Switch Operative to short 
circuit the resistor when the switch is moved to 
closed position, a limit Switch movable to either 
of tWO positions according to the position of the 
cage above or below an intermediate level, a 
relay controlled by the limit switch, when the 
limit switch is in lower position, to prevent oper 
ation of the short-circuiting Switch while the 
cage is being raised from its lowest position. 

5. In a nine hoist control System, the conn 
bination with a generator-motor set, having a 
field Winding for the generator and a field Wind 
ing for the motor, a cage, a cable for Supporting 
the cage, and a drum driven by the motor to 
wind the cable in or out, of means for controlling 
the excitation of the field winding of the motor, 
and neans responsive to the starting terminal 
position of the cage for controlling the excita 
tion means to determine the degree of excitation 
according to the location of the starting terminal 
position, of a source of excitation for the field 
Winding of the motor, a resistor in the circuit of 
the field winding, a Switch operative to short 
circuit the resistor when the Switch is moved to 
closed position, a limit switch movable to either 
of two positions according to the position of the 
cage above or below an intermediate level, a re 
lay controlled by the limit switch, when the limit 
Switch is in the upper position, to operate the 
short-circuiting SWitch when the cage is being 
raised from an intermediate starting position. 

6. In a mine hoist System, provided with two 
cages arranged for Operation in balance, a cable 
to Suspend each cage, a drum for each cable, and 
a motor for the drums, With a shunt field winding 
for the notor, and a source of energy for the 
fisld winding of the motor, the combination of a 
i'esistor in the circuit of the motor field winding, 
a Switch operative to short-circuit the resistor 
When the Switch is moved to closed position, and 
means for controlling the operation of the short 
circuiting switch according to the location of the 
starting position of either cage in an upward di 
lection. 

7. In a nine hoist System, provided with two 
cages arranged for operation in balance, a cable 
to suspend each cage, a drum for each cable, 
and a motor for the drums, With a shunt field 
winding for the motor, and a Source of energy 
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for the field winding of the motor, the combina 
tion of a resistor in the circuit of the motor field 
winding, a switch Cperative to short-circuit the 
resistcr when the Switch is moved to closed posi 
tion, a limit Switch for each cage and movable 
to either of two positions according to the posi 
tion of the cage above or below an intern ediate 
level when hoisting of the respective cage is start 
ed, and means selectively controlled by each limit 
SWitch according to whether the starting posi 
tion of either cage in an upWard movement is 
below or above the intermediate level, said means 
operating selectively to operate or to prevent op 
eration of the short-circuiting Switch, thereby 
to control the degree of excitation of the motor 
fied winding. 

8. In a mine hoist System, provided with two 
Cages arranged for Operation in balance, a cable 
to Sul.Spend each cage, a drum for each cable, and 
a, innotor for tie drums, With a shunt field wind 
ing for the notor, and a source of energy for 
the field winding of the motor, the combination 
Gf 2, resistor in the circuit of the motor field 
Wiinding, a switch operative to short-circuit the 
resistor when the Switch is noved to closed posi 
tion, a limit switch for each cage and movable 
to either of tWO positions according to the posi 
tion of the cage above or below an intermediate 
level When hoisting of the respective cage is start 
ed, a Source of energy for the motor, a control 
SWitch to control the supply of energy to the no 
tor, and ileans responsive to a control opera 
tic Of the control SWitch and operative in ac 
cordance with the then position of the limit 
switch to selectively control the operation of the 
Short-circuiting switch, by closing it or by pre 
Venting its closure, thereby to control the degree 
excitation of the notor field winding for the 
duration of that operation of the motor in re 
Sponse to the control movement of the control 
SWitch. 

9. In a, nine hoist System, provided with two 
Cages arranged for operation in balance, a cable 
to Suspend each cage, a drum for each cable, and 
a motor for the drums, with a shunt field winding 
for the motor, and a source of energy for the 
field Winding of the motor, the combination of 
a resistor in the circuit of the motor field Wind 
ing, a Switch operative to short-circuit the re 
sistor when the Switch is moved to closed position, 
a limit SWitch for each cage and movable to 
either of two positions according to the position 
of the cage above or below an intermediate level 
When hoisting of the respective cage is started, a 
Source of energy for the motor, a control switch 
to control the Supply of energy to the motor in 
a Selected direction, thereby to control the direc 
tion of rotation of the motor for raising or low 
ering the cage, and relay means selectively con 
trolled by each limit switch at the beginning of 
a raising movement of the cage, to close or to 
prevent closure of the short-circuiting Switch ac 
cording to whether the starting position of the 
cage is above or below the intermediate position, 
thereby to control the degree of excitation of the 
motor field winding. 

10. In a nine hoist System, provided with two 
cages, to be operated simultaneously in balance 
or singly unbalanced from a level either below 
or above a predetermined intermediate level, with 
cylindro-conical drums for the suspending ropes 
or cables for the cages, of two motors for driv 
ing the drums, a field Winding for each motor, the 
combination of means connecting the motor field 
Windings in Series in a circuit including a cur 
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rent-limiting resistor and a dummy resistor, 
means for separately energizing and operating 
the motors to operate either cage independently 
or both cages simultaneously, and means opera 
tive, when only one motor is to be operated, for 
short-circuiting the field winding of the other 
motor and inserting the dummy resistor in the 
circuit. 

11. In a hoist System, in combination, a pair 
of drums each having a cable wound thereon and 
a Skip Suspended from each cable and each drum 
having a frusto-conical portion on its surface, 
a reversible driving motor, a pair of clutches each 
being interposed between said driving motor and 
One of Said drums, selective means for effecting 
engagement of either or both of Said clutches 
thereby making possible single unbalanced opera 
tion of either skip or balanced operation of both 
skips, Speed reducing means for reducing the 
maximum attainable Speed of Said driving motor, 
lineans including a limit switch for making said 
Speed reducing means operative when either skip 
is Operated Singly for unbalanced operation, or 
When both skips are operated in balance with one 
of the skips being hoisted from a position above 
a predetermined intermediate level. 

12. In a hoist system, in combination, a pair 
of drums each having a cable wound thereon and 
a skip Sul.Spended from each cable and each drun 
having a frusto-conical portion on its surface, a 
reversible driving motor, a pair of clutches each 
being interposed between said driving motor and 
One of Said drums, Selective means for effecting 
engagement of either or both of said clutches, 
thereby making possible single unbalanced opera 
tion of either skip or balanced operation of both 
Skips, Said driving motor having a shunt field 
Winding and a resistor in series with said wind 
ing, limit switch means responsive to the respec 
tive positions of the skips which is effective to 
short circuit a portion of said resistor whenever 
both skips are operating simultaneously in bal 
ance above an intermediate level, or when one of 
said skips is being hoisted from a position above 
an intermediate level during balanced operation 
or When either skip is operated singly for unbal 
anced Operation irrespective of the initial start 
ing position of such singly operated skip. 

13. In a hoist System, in combination, a pair of 
drums each having a cable wound thereon and a 
skip Suspended from each cable, and each drum 
having a frusto-conical portion on its surface, a 
motor-generator set for driving said drums, a pair 
of clutches, each being interposed between the 
driving motor and One of said drums, selective 
means for effecting engagement of either or both 
of said clutches, thereby affording single unbal 
anced operation of either skip or balanced opera 
tion of both skips, speed reducing means for re 
ducing the maximum attainable Speed of said 
driving motor, means including limit switches for 
making said speed reducing means operative 
when either skip is operated singly for unbal 
anced operation, or when both skips are Operated 
in balance with one of the skips being hoisted 
from a position above a predetermined interme 
diate level, said generator having a field winding 
and a resistor in series therewith, control means 
for controlling the direction of flow of energizing 
current through said generator field winding and 
for selectively shunting portions of said last men 
tioned resistor, thereby obtaining variable speed 
drive in either the hoisting or lowering direction 
of the skip or skips. 

14. In a hoist system, in combination, a pair 
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of drums each having a cable wound thereon and 
a skip suspended from each cable, and each drum 
having a frusto-conical portion on its surface, a 
motor-generator set for driving said drums, a 
pair of clutches, each being interposed between 
the driving motor and one of said drums, selec 
tive means for effecting engagement of either or 
both of said clutches, thereby affording single 
unbalanced operation of either skip or balanced 
operation of both skips, said driving motor having 
a shunt field winding and a resistor in series with 
said winding, a double throw limit Switch asso 
ciated with each of Said drums and Which is re 
sponsive to the position of the respective skip as 
being above or below a predetermined intermedi 
ate level, means including said limit Switches, 
which is effective to short circuit a portion of 
said resistor wherever both skips are operating 
simultaneously in balance above an intermediate 
level, or when one of said skips is being hoisted 
from a position above an intermediate level dur 
ing balanced operation or when either skip is op 
erated singly for unbalanced operation irrespec 
tive of the initial starting position of such singly 
operated skip, said generator having a field wind 
ing and a resistor in series therewith, control 
means for controlling the direction of flow of 
energizing current through said generator field 
winding and for Selectively shunting portions of 
said last mentioned resistor, thereby obtaining 
variable Speed drive in either the hoisting or low 
ering direction of the skip or skips. 

15. In a hoist System, in combination, a pair of 
drums each having a cable wound thereon and a 
skip Suspended from each cable, and each drum 
having a frusto-conical portion on its surface, a 
reversible driving motor, a pair of clutches each 
being interposed between said driving motor and 
one of said drums, selective means for effecting 
engagement of either or both of said clutches 
thereby making possible single unbalanced opera 
tion of either skip or balanced operation of both 
skips. Speed reducing means for reducing the 
maximum attainable speed of said driving motor, 
means including limit switches for making said 
Speed reducing means operative when either skip 
is operated singly for unbalanced operation, or 
When both skips are operated in balance with one 
of the skips being hoisted from a position above 
a predetermined intermediate level, limit switch 
means which is responsive to the initial starting 
position of the respective cages and responsive 
to the condition of whether the cages are oper 
ated singly or simultaneously to effect shunting 
of a portion of said motor field current limiting 
resistor thereby limiting the maximum obtain 
able motor speed whenever both cages are oper 
ated in balance above a predetermined interme 
diate level or whenever either cage is being oper 
ated singly or unbalanced. 

16. In a mine hoist System provided with two 
cages, to be operated simultaneously in balance 
or singly unbalanced from a level either below 
or above or predetermined intermediate level, 
with cylindro-conical drums for the suspending 
ropes or cables for the cages, of two motor-gen 
erator sets comprising a field winding for each 
generator, nineans connecting said generator field 
winding in series circuit including a variable 
speed control resistor and a dummy resistor, and 
comprising a field winding for each motor and 
means connecting the motor field windings in 
Series in a circuit including a current-limiting 
resistor and a dummy resistor, means for selec 
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motor-generator sets singly for unbalanced Oper 
ation of the cage Cr simultaneously for balanced 
operation of the cages, and means operative 
when only one motor generator is to be operated 
for short circuiting the field windings of the 
other motor and generator and Substituti:g 
therefor the respective dummy resistors. 

17. In a nine hoist system, provided with tWO 
cages, to be operated Simultaneously in balance 
or singly unbalanced from a level either below 
ol' above a predetermined intermediate level, the 
combination with cylindro-conical drums for the 
suspending rcpes or cables for the cages, of tWO 
lnotor-generator sets cornprising a field Wiinding 
for each generator, means connecting Said gen 
eratic' field Winding in Series circuit including a, 
variable speed control resistOr and a dummy re 
sistor, and conprising a field Winding for each 
notor and means connecting the notor field 
windings in series in a circuit including a cur 
rent-linaiting resistor and a dummy resistor, 
means for selectively energizing and operating 
either of said motor-generator sets singly for 
unbalanced operation of the cage or simultane 
ously for balanced operation of the Cages, and 
means operative when Only one generator is to 
be operated for short circuiting the field Wind 
ings of the other notor and generator and Sub 
stituting therefor the respective dummy resist 
ors, speed reducing means for reducing the maxi 
mum obtainable Speed of said driving notor Or 
notors, means including limit switches for mak 
ing said Speed reducing means Operative Only 
when either cage is operated singly for unbal 
anced operation or When both cages are operated 
in balance above a predetermined level. 

18. In a mine hoist System, provided with tWO 
cages, to be operated simultaneously in balance 
or singly unbalanced from a level either below 
or above a predetermined intermediate level, the 
cornbination with cylindro-conical drums for the 
Suspending ropes or cables for the cages, of tWO 
motor-generator sets comprising a field winding 
for each generator, means connecting Said gen 
erator field winding in series circuit including a 
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variable Speed conti'ol resistor and a dummy re 
sistor, and comprising a field Winding for each 
motor and means connecting the notor fisld 
windings in series in a circuit, including a cur 
rent-limiting resistor and a dummy resistor, 
means for selectively energizing and operating 
either of said motor-generator Sets Singly for un 
balanced operation Cf the cage or simultaneously 
for balanced operation of the cages, and means 
Operative When only cine motor generator is to be 
operated for short circuiting the field windings 
Of the other motor and generator and substitut 
ing therefor the respective duinny resistors, 
Speed reducing means for reducing the maximum 
obtainable speed of Said driving motor or motors, 
means including limit switches for making said 
Speed reducing means Operative only when either 
cage is operated Singly for unbalanced operation 
Or When both cages are operated in balance 
above a predetermined level, or when both cakes 
ale Operated in balance, one above and one below 
the predetermined intermediate level and the 
cage at the lower level is to be hoisted. 

19. In a hoist System, in combination, a pair 
Cf drums each having a cable wound thereon and 
a Skip suspended from each cable and each drum 
having a frusto-conical portion cn its surface, a 
reversible driving motor, a pair of clutches each 
being interposed between said driving motor and 
Oine Cf Said drums, selective lineans for effecting 
engagement of either or both of said clutches 
thereby making possible single unbalanced oper 
ation of either skip or balanced operation of both 
skips, Speed reducing means for reducing the 
maximum attainable speed of said driving motor, 
means including limit Switches for making said 
speed reducing means operative when either skip 
is operated Singly for unbalanced operation, or 
When both skips are operated in balance above 
a predetermined internediate level or when both 
Skips are operated in balance, one above and one 
below said intermediate level and the lower skip 
is to be hoisted. 

JAMES E. SORLAND. 
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