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ALTERNATING CURRENT HOST CONTROE, 
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My inversio, relates to alternating-current op 
erated coat:3 systems for hoist noto's C. Canes, 
ming hoists and other hoisting aid elevating de 
vices and deals with Subject, YaaStes related in 
Some respects to that, of roy coxending applice 
tion Seriel No. 533,352, e33iled "Eois& 30so Systers.' 
Che ei he cijects of the present, invexion is 

to provide 3, hoist, control system which, particul 
larly during lowering operaticas, affords & higi 
tos' Le Si3Nilai to that obtained by three-phase 
or so-called “co inter Orcus' energization, wiile 
developing, when OWexing, a reduced to 'gl:e 3g 
proachisig the isgie Cogadišics is gi single-phase 
operatio;2, we line naste: coin)"clies is se, for 
loy lowering sg33ds, is other Words, he inven 
tion, is this 2 spect, aims at 30;lining the advan 
ages of in lipinase azad single-phase operation 
while avoiding i subst:8...i.aily reducing tie disa 
adv2.15ag&S 35 i2S3 diese:, yss of enes'gize, 
iCA. 
A. Y. O'e S333 coject, alo: g these lies i 

03:3ix. 3, control which affords deveicing a 
torque close G guis-Cui, ,03'-e 28, high a 
and high loSierigig Sge3ds 33, S. relatively low cu 
retai, input, but actices i.e. $orgue to ei2litrely 
slighi, Vallies when Setting 3 gaste: costices 
fo: CVJes, lowering speecs. 
Another object of the i27eratios. relates espe 

cially to acist, cotti'Oi Syste:RS in which an alter 
Reting cu32'et, hoist Ino,03, Seh as a wouadioto 
2noor, has an exterior Secordai; or rotor circuit, 
equipped with 'esistoi's for couxater to:gue kraking 
and contains con320i sneans for selectively eliini. 
nai ag pastS or a 33 3.2e3S 3'esist C. O'ovide 
Several Steps of grogi'essive acceiei'2ticx, or decei 
eration. ... the kioW2. Systeins of this type, just 
as Sinary 3'3sistance Steps are provided is ae sec 
Oradary circuit, requiring 2, coi'i'eSQoEdixag 33 in be: 
of Secondary cont.co: 3'elays, as the desired 2num 
lies of acceleration steps 33 30Eres Odisag conso 
positions oš the opera,i,03'-acuated Yaas;a co 
t2'Oie. ... COAir2S3, 6.33°330, he inventis: airs 
also a providizag & initi-Sier o: "Wide-gaiage ac 
celeration contisol While educing the gaine Og 
secondary resistance StegS 2nd-appertaining sec 
Ondary contacos' acuipine; at helow the heeto 
fore necessary. Foi irastasice, ae is ventioi Ji 
achieve a control covering the ranges of, say, Soul: 
to si: custoraary control steps while using only 
V7e 'esistance Steps is he exterios zoo circuit. 
Still another ooject of gy inventioc, also re 

lated to acceleration conic by means of cor 
trollied resist,03's is he "OC circuit, o an after 
nating-cirrent nois; noto, is to preve{ or sub 

g 
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S: 3 () 47 

cists Rae charges of torque assC3iated. With an oper 
stor-controlled change of acceleration. That is, 
when advancing the master conticiler from 0523 
to another control point, or changing the re 
sistance is the o?ica circuit, the torque teii is to 
change suddenly; 2323 the invention, in the 25'es 
exh, aspect, si is 38, reducing or clashionisig his 
ladiesirable £32nclosing. 
3, is also an oiject, Of ray is 'yesatios to gei"Initi 

Sr. alternating-c22'egat, c02::"oi Syster 83 02358, 
tic: at a limited raisaiya; Er Spsed by 2. UiOG2ti 
cally conti'oiling the force exerted oy 2, Soie: Cii. 
operated yiechanicai brake. iflore pai'ici lie.5'37, 

an object, to is aii, the S339s of 57 aiies; 
g-current hoist icoi wheX operating at lign: 

load g; no load ira tie OWeilg disagic: , , 
oile; object, cine iiage:Sis2 is to Eiini, ie icVie's 
ig Saed 273A. iii.33.33. is 3Séti 3:2 in 

it is title:- 

E. 

3 Sriot, iai, Skie 33.3 is: 
high speed axiatio;i&ies...}}} refit:3: 
ceCS23.58s. 

he rivetios. 3, 
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3.iiins according 3 S37. 
:letiored c.333 SC & 

"t S. 

333icios 3:o 
0 ore 3,265ihei and i 
3,322:8.333 S Seca 

a. 

- Eas 

Yis 3:gia:3:o;g sc3ecisioscue 3 yes 
Eg the age etics of S.2ci & S 

isig 3.g. , i.e hois, Saotos 
the 33&izas , 3 and 3 of a. 

the 23 of; is of the 713; dialošo: 
as S. Secg3 daxy 2, otos circuit, whose 

seconnections 0, 8G 22d ce provided Wii. 
3.Seirios' resistoi's and 2, 33 and 32, 9; and 
resgectively. Eile:oo. 3 diriges 2, shaft, 8 whica is 
cousied oy 2, gea3 00: (3 gira $32 hois, "Kr. Eli 
to ke ogerated. A Saveling nu, ) is cocairoied By 
Eile gear bo: So as to engage in one end gasitiox. 
3 : lie contact, Zezia;3 f e, hois, tirini; 
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switch HS and in the other position the movable 
member 9 of a lower limit switch LS, depending 
upon the direction of rotation of the motor HM. 
A mechanical brake BR is connected with the 
drive shaft 6 and is electrically energized by 
means of a magnet coil 6. 
A hoist relay RA has its contacts , 2 and 

3 controlled by a relay coil A So that when the 
relay is energized the motor HM is energized for 
running in the hoisting direction. A lowering re 
lay R2 having contacts if 2, 2 2 and 3 2 con 
trolled by a relay coil 2 serves to energize the 
motor HMI for operation in the lowering direc 
tion. 
A saturable reactor SR has its magnetizable 

core 5 provided with an alternating-current coil 
52 and a premagnetizing control coil 53. Coil 52 
is series arranged in the phase connection 3 of 
the hoist motor and is wound in two sections 
which are so located on core 5 so that virtually 
no transformer effect is produced on coil 53. A 
reactor control relay R3 is provided to short cir 
cuit the reactor SR by the closure of relay con 
tact 383 when the appertaining relay coil 3 is 
energized. When contact 3:3 is closed, the reac 
to is ineffective So that the notor HMI is ener 
gized for full three-phase operation and devel 
ops a corresponding three-phase torque chara C 
teristic. When contact 33 is open, the current 
supplied through the phase connection 3 depends 
as to magnitude on the effective reactance of coil 
52. This reactance is controlled by the energiza 
tion Supplied to the reactor control coil. 53. That 
is, if the current in coil 53 is low, the core Si is 
magnetically unsaturated and hence the react 
ance of coil 52 at a, correspondingly high value. 
On the other hand, when coil 53 is magnetized 
to such an extent as to saturate the magnet core 
58, the reactance of coil 52 is at a minimum. The 
range of Variable reactance thus obtained is so 
chosen that the current in phase connection 3 
is Only Slightly reduced. When the reactor is Sat 
urated So that the motor HIM is then energized 
for approximate three-phase operation, while 
When the reactor is unsaturated the effective re 
actance is so large that the current in phase con 
nection 3 and the Voltage across the respective 
primary are sufficiently suppressed to operate the 
motor Hi? in approximate single phase operation. 
The means for effecting the just-mentioned re 
actor control will be described hereinafter. 
The electromagnetic brake BR has its coil 6 

connected to a rectifier bridge 62 through the 
contact 5 of a brake relay R5 whose operating 
coil is denoted by 5. The rectifier bridge 62 is 
controlled by four relay contacts 3, 24, 3 4 
and 44 appertaining to a relay Rá. When the 
coil 4 of relay R4 is deemergized, contacts & 
and 344 are closed and connect the rectifier bridge 
to the mains 2 and 3. Consequently, in this po 
sition and assuming that contact 5 of relay R5 
is closed, the brake coil 6 is energized from a 
Substantially constant current source so that the 
brake is fully released. When coil 4 of brake 
relay R4 is energized, contacts 4 and 3 4 are 
Opened and contacts 24 and 44 closed. As a re 
Sult, coil 6 is now connected through a calibrat 
ing register 64 with two leads 80 and 90 of the 
rotor circuit and therefore energized by a voltage 
sufficiently low to reduce the braking effort at 
Zero Speed without releasing the brake entirely. 
Since the voltage of this circuit depends on the 
Speed of the motor, the braking force applied by 
the brake is now dependent on the motor speed. 
That is, when the speed is low, a higher voltage is 

2,886,580 
applied to coil 6, thus producing a lesser brak 
ing effect than when the motor speed is high and 

O 

the Secondary rotor voltage correspondingly re 
duced. The brake relay Ra has four additional 
contacts 54, 6 4, 4 and 86 whose purpose 
will be discussed in a later place. 
Two relays R6 and R are provided for control 

ling the resistance in the rotor circuit of the hoist 
motor. Relay R6 has contacts 6 and 26 which, 
when closed, short-circuit all of the resistors in the 
rotor circuit. A further contact 36 serves an 
auxiliary purpose and is operated together with 
contacts 6 and 26 by a relay coil 6. Similar 
ly, the relay R has contacts and 2 for 
shorting the resistors 2, 32 and 92 of the rotor 
circuit and an auxiliary contact 3, controlled by 
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a relay coil . 
Two auxiliary relays R and RS serve to con- . 

trol the operation of the hoist relay R and R2 
under certain operating conditions, as will be ap 
parent hereinafter. 
The system contains also two timing relays TS 

and T2 which are controlled by the operation of 
the secondary relays R6 and R. Each of these 
time relays has a main magnetizing coil denoted 
by G and 20, respectively, and an oppositely act 
ing neutralizing coil denoted by and 2, re 
spectively. The neutralizing coils have a Smaller 
number of ampere turns than the main coils and 
serve to afford a definite time delay. Each re 
lay is further provided with a short circuited 
winding consisting, for instance, of a copper 
sleeve or ring 3G or 23 for increasing the time 
constant. Relays of this type are known as such 
and do not form a feature of the invention 
proper, although the presence of Such tiring 
means is preferable in systems according to the 
invention for a SSuring a desired time limit be 
tween the subsequent operation of relays R6 and 
R, or vice versa. 
When energizing the supply circuit, the termi 

nals G and D of the Series connected neutraliz 
ing coils and 2 are supplied with current 
so that these coils remain effective during the 
operation of the System. Due to the dimension 
ing of these neutralizing coils and since their ef 
fect is in opposition to the active operation of the 
timing relays, the energization of the neutraliz 
ing coils does not effect the opening of the apper 
taining relay contacts. The main coils A and 2 
of the timing relay are connected at E and F to 
a current Source when the Supply mains , 2 and 
3 are energized. However, the circuit of coil C. 
extends over contact 3? 6 of relay R6 so that re 
lay T closes its contact only when the re 
lay R6 is energized, Similarly, the main coil 2 
of time relay T2 is active only when contact 3: 
of relay R is closed and closes contact 2 when , 
deenergized. 

In order to control the hoist motor HM for 
hoisting and lowering Operation at different 
Speeds, and for controlling the reactance of re 
actor SR in order to regulate the Speed torque 
characteristic of the motor, a master controller 
MC is provided. This controller contains a plu 
rality of contact fingers, such as those denoted by 
43, which cooperate with a number of contact 
segments mounted on a common carrier or base 
40. The two upper segments denoted by 4f and 
42 serve to control the energization of the reactor 
control coil. 53. To this end, coil 53 is connected 
to the master controller through a rectifier bridge 
56 which is fed from points A and B of supply 
mains 3 and 2, respectively. The contact fingers 
appertaining to segments 4 and 42 are con 
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nected to taps of a resistors which is arranged 
in the direct-current circuit of rectifier bridge in series with control coll. 
The brake control relay R4 has a coll con 

nected through conductors. 6 and 2 between 
the master controller and a pushbutton PB which 
in turn is connected to a conductor 2 leading 
to point C of main 2. The relay coll 4 is ener 
gised only when the push button PB is actuated 
and when at the same time the master Controller 
establishes a connection of either conductor 6 
or 12 with the conductor. 33 leading to point 
A of main 3. • 
The operation of the system will be understood 

from the following description of the relay oper 
ations, and the functions performed thereby, 
when the master controller MC is moved from the 
'off' position into the hoist and lowering posi 
tions denoted in Fig. 1 by numerals through 8, 
and through , respectively. In the following 
description, reference is also had to the sequence 
chart of Fig. 2 which indicates the closure of the 
relay contacts in relation to the eight hoisting 
points and seven lowering points of the master 
controller. 
According to Figs. 1 and 2, none of relays R. 

through R9 are energized when the master con 
troller is in the "off" position. Hence contacts 
3G, 37 and 28 are closed. As mentioned before, 
neutralizing coils too and 200 of the time relays 
are energized. Main coils O and 20 of time relays 
T and T2 are also energized through E, lo, 36. 
F and E, 20, 37, F. Hence contacts 0 and 20 
are Open, The brake BR is deenergized because 
contact is is open. The saturable reactor SR 
is connected in the motor circuit since contact 
S3 is open. 

Starting from this of position, the following 
is a brief step by step description of a hoisting 
and a lowering operation. 

EOISTING OPERATION 
Step it 

In this position of the master controller MC, 
resistor 55 is connected to rectifier set 56 by seg 
ment 4 of controller MC and has its full resist 
ance in series to the reactor control coil 53. 
Hoisting relay Rf is energized over B, , HS, 
38, MC, 33, A. Contacts if , 2 fl and 3 close 
and energize motor HM for hoisting. 

Relay R5 is energized through C, 32, 5, 35, 
MC, 33, A, and closes contact 5. Hence. brake 
coil 6 is connected to rectifier 62 and, R4 not 
being energized, is excited from the line to com 
pletely release the brake, Relays R3, R6 and RT 
remain deenergized, Hence, SR is effective and 
the total resistance in the rotor circuit is also ef 
fective. Since the premagnetization of SR by 
coll 53 extends over the full value of resistance 
55, SR is not saturated and its reactance at a 
maximum. As a result, the motor is energized 
for approximate single-phase operation, that is, 
for hoisting at low speed and low torque. The 
speed-torque characteristic now effective is ex 
emplified by the positive branch of curve C1 in 
Fig. 4. 

Step 2 
In this controller position, the uppermost sec 

tion of resistor 55 is shorted by segment 4 and 
causes the magnetization of SR to increase and 
thus the reactance of coil 52 to decrease. There 
is no other change in the relay conditions as com 
pared with those of Step 1. 
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3 
Steps 3 through 6 

While moving the master controller through 
positions 3, 4, 5 and 8, the effective resistance of 
series resistor SS is progressively diminished and 
the reactance of SR increased, thus increasing 
the current in phase connection 3. As a result, 
the speed-torque relation approaches progress 
sively a multi-phase characteristic. At step 6 the 
resistance of resistor SS is at a minimum or zero 
so that the full saturating current is applied to 
Control coil 8. In this condition, the magnet 
core f is saturated and hence the reactance of 
SR at a minimum, The speed-torque character 
istic obtained at step 6 is represented by curve 
Cain Fig. 4. This characteristic approaches that 
of a three-phase energization of the motor. In 
the intermediate control steps, the torque charac 
teristic then effective resumes a corresponding 
position intermediate curves C1 and Ca. 

Step 7 
Switching from step 6 to step 7 effects no fur 

ther change in the resistance of 55. However, 
R7 is now energized through A, f3, MC, 37, 
7, 32, C and shorts 72, 82, and 92 at IT and 
27 for acceleration. The main coil 20 of T2 is deenergized by the opening of contact 3. Con 
tact 20 closes with delay and thus prepares re 
lay R6 for its subsequent operation. The re 
moval of resistors 72, 82, 92 increases current in 
put to the motor as well as the torque developed 
and tends to cause acceleration to curve C. The 
torque does not change instantaneously to C 
since the increased current through SR results 
in a temporary reduction in voltage on the motor 
terminal until such time as the accelerating cur 
rent has disappeared. Thus, the saturable re 
actor produces also a cushioning effect result 
ing in gradual change in the speed torque con 
ditions. 

Step 8 
The current and torque reactions described un 

der 7 above are repeated with the result that 
Speed-torque characteristics as shown by curve 
C4 are attained. More in detail, in addition to 
the adjustments obtained at step 7, the relay RB 
is now energized over C, 32, 20, 16, 136, MC, 33, 
A, and shorts resistors 7 , 8, 9 at 6 and 26. 
The Opening of contact 36 effects the deener 
gization of coil 10 so that relay T closes contact 

0 with delay. This brings relay R3 in over 
C, 32, 0, 3, MC, 33, A. Contact 33 is closed 
thereby shorting the reactor SR. As a result, the 
motor HM operates now in full three-phase ener 
gization with a correspondingly higher pull-out 
torque as represented by curve Cs in Fig. 4. 

LOWERING OPCRATION 
To start the lowering operation the master 

controller may be moved directly through the 
"dead' positions 1 to 6, to the 7th position where 
acceleration to full speed rapidly takes place. 
Subsequent retardation in speed results when the 
controller is returned through positions 6-5-4- 
3-2-. This course of actuation is considered 
in the following abbreviated description of a lowering Operation. 

Step 7 

Relay R2 is energized through B, 2, 3, MC, 
34, IS, A, so that ff2, 22 and 3 f2 are closed 

for running HM in the lowering direction. Re 
lay RT is energized through C, 32, IT, 37, MC, 
34, LS, A and shorts resistors T2, 82,92 at 
and 2. Coil 20 of T2 is cut off at 3 so that 



4. 
20 closes with delay... Relay R is energized by 
way of A, LS, 34, MC, 36, 8, 20, 2, Cand 
shorts resistors 7, 8, 9 at f is and 26. Hence 
the rotor circuit contains, no exterior resistance. 
The opening contact 36 releases coil fo of time 

relay Ti so that contact fiO is closed with de 
lay, Coil 13 of R3 comes in over fo and closes 
contact 33, thus shorting SR out of the primary 
circuit. Relay R8 comes in through C, 32, 8, 
84, MC, 34, LS, A, and closes contact f8 thus 
energizing relay R9 through 32, 9, 8, MC, 
34, IS, A. Relay R5 is energized over 32, 5, 
MC, 34, IS, A. 
As a result, the motor operates for high-speed 

lowering under power and the reactor SR is in 
effective so that the motor develops full three-. 
phase torque. 

Step 6 

O 

5 

After passing from position 7 to position 6, the . 
controller MC interrupts the circuit between 8 
and 34 so that R8 falls off, closing 28 and open 
ing 8. Coil 2 of R2 is likewise disconnected 
at MC and opens ff2, 22 and 3 2. Relay R9 
remains in because coil 9 is energized from 32 
through the self-sealing contact 19, and ener 
gizes R? through B, I, HS, 138, 28, 19, MC, 
f34, LS, A. Contacts , 2, 3 i? are closed for 
energizing the motor in opposition to the lower 
ing load. Relay R5 remains in, maintaining 5 
closed, while R6 and R are disconnected at MC 
so that resistors 7, 8, 9 and 72, 82, 92 are effec-, 
tive in the rotor circuit for counter torque Oper 
ation. The total resistance of 55 is inserted into 
the direct-current circuit of SR for reduced pre 
magnetization and increased reactance. 
torque characteristic now reached is similar to 
the negative branch of curve Ca in Fig. 4. 

Steps 5 through 1 
During these subsequent steps, the relay and 

contact conditions of the system remain un 
changed. Merely the resistance of 55 is stepwise 
dimensioned by segment 42 of MC to increase the 
magnetization of SR in order to change from ap 
proximately three-phase torque to approximate 
single-phase torque. At step 1 the resistance of 
55 is at a minimum or zero and hence SR set 
for full saturation. During steps 6 and 1, the 
torque characteristic assumes positions between 
the negative branches of curves Ca and C in 
Fig. 4. 

It is assumed in the above description of the 
function of the master controller that the push 
button PB remains in the illustrated open posi 
tion in which the relay R4 is ineffective and 
hence connects the brake BR to the line for con 
stant braking force. However, the operation of 
the master controller affects also the condition 
of readiness of the push button control. In this 
respect, it will be seen from Fig. 1 that the coil 
4 of brake relay R4 is ready for energization 
Only when the master controller is in the 'off' 
position so that the push button PB is connected 
through coil 4, lead 6 and the master controller 
with lead f33 attached to point A of main 3. 
Due to the construction of the master controller, 
the push button PB remains ineffective during 
hoisting operations as well as during the high 
acceleration steps of lowering operations. How 
ever, once pushed in the 'off' position of the 
master controller, the push button PB can be kept 
effective overself-sealing contact 64 and lead f62 
when the master controller is moved from "off' 
into position i for slow lowering operation, but 
is cut off at MC when MC is moved farther into 

The 
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positions 2 to 7. When the master controller is 
moved out of the "of" position before previously 
actuating the push button PB, the relay coil 
cannot be energized. 
The operation of relay R4 has the effect 

changing the excitation of brake BR from the 
line to the secondary or rotor circuit of the hoist 
motor HM.. As a result, the braking effect, when 
under push button control, is directly propor 
tional to the motor lowering speed and is espe 
cially effective at high motor speeds, When con 
troller MC is moved from "of" to lowering posi 
tion 1 while button PB is kept hed, the ener 
gization of relay R4 has the effect of actuating 
relay R2 through B, 2, 3, 4, 40, MC, 3, 
A and applies lowering power to the motor pri 
mary. At the same time, contact 4 of R4 in 
serts resistor 5 into the premagnetizing circuit 
of the reactor RS with the result of applying 
a fixed degree of lowering torque at Zero speed. 
This torque falls to zero at synchronous speed, 
and this coupled with increasing brake torque 
serves to hold the motor at greatly reduced speed 
at light or no load as well as with normal load. 

Reviewing the system and its operation, it will 
now be apparent that a multi-step control of 
the speed torque characteristic of a hoist drive 
is obtained which, by virtue of the above-de 
scribed saturable reactor feature, requires only a 
small number of resistance steps in the rotor 
circuit of the hoist motor. It will also be seen that the system affords (btaining high multi 
phase torques and at the same time offers the 
advantage of low torques at low speed lowering 
also by virtue of the above explained use of a 
Saturable reactor. Furthermore, the system as 
described in the foregoing prevents sudden 
changes of torque when changing from one to 
another speed torque characteristic and this is 
also achieved with the aid of the saturable re 
actor. 
This utilization of a single controllable in 

pedance device for the just-mentioned different 
hoist control functions is one of the salient ad 
vantages of the illustrated embodiment and con 
tributes essentially to attaining the above-men 
tioned functions by relatively simple and com 
pact devices. 
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Another afivantage of systems according to 
the invention is the fact that the regulation be 
tWeen three phase characteristic and approxi 
mate single phase (low speed low torque) char 
acteristic is obtained without changing the in 
ternal connections of the hoist motor. That is, 
a standard motor, having its primaries per 
manently connected with each other in delta or 
star connection, can be employed since the varia 
tion between these characteristics is achieved by 
externally connected control means, i.e., by vary 
ing the voltage distribution through a range which 
includes a substantially balanced three phase 
energization and a highly unbalanced or ap 
proximate single phase energization. . . . 
It will further be apparent that the reactor 

control, the control of the counter torque opera 
tion, and also the control of the push-button 
actuated braking operation are effected by means 
of a single master Controller, an advantage also 
favorable to a simple design and operation of 

70 

75 

the system. By combining the push button with 
the master controller, in particular, by placing 
the button in the handle or crank of the master 
controller, both are in effect capable of one-han 
Operation. . . . 
Since obvious various modifications on the basis 
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of the above disclosure and in accordance with 
the gist and scope of my invention are avail 
able to those Sicilled in the art, I wish this specif 
cation to be understood as illustrative and not in 
a limiting sense. . 

I claim as my invention: 
1. A control system comprising an alternating 

Current motor, multiphase circuit means for en 
ergizing said motor selectively for Operation in 
both directions, saturable reactance means form 
ing part of said circuit means and including pre 
magnetizing control windings, variable energiz 
ing means connected to Said Windings for chang 
ing the motor energization between approximate 
one-phase and substantially multiphase opera 
tion, and operator-controlled selective step switch 
means Connected to said energizing means for 
controlling the latter in sequential steps. 

2. A hoist control system comprising an alter 
aating-current hoist motor, three-phase circuit 
means for energizing said motor for hoisting and 
lowering operations, a saturable reactor form 
ing part of said circuit means and having a pre 
magnetizing control coil for varying the react 
ance of said reactor, a current Source, and Op 
erator-controlled selective step switch means con 
necting said source with said coil for regulat 
ing said reactance in sequential StepS. 

3. A control System comprising an alternating 
current motor having an energizing circuit and 
a rotor circuit, militiphase control means dis 
posed in said energizing circuit, or selectively 
operating said notor in both directions, resistors 
arranged in said irotor circuit, means for control. 
rig Said resistors, Saturable reactance means 

connected in Saig energizing circuit, and incluid 
ing premagnetizing control windings, variable era 
ergizing means connected to said Windings for 
changing the motor energization setween ape 
proximate one-phase and multiphase operation 
and master contico neans connected with said 
multiphase control aneans, resistor control means 
and energizing means for operating they seguer 
tially in a given 'eiation to one anciae. 

4. A control syster comprising ar, alternating 
current motor, three-phase circuit aeans for a 
ergizing said moto, variaole ingedia:Ace 3 seais 
forming part of Said circuit means, and having 
an impedance range Sufficient for energizing said 
motor by substantially single phase voitage agad 
approximately balanced three-phase voltage, 
and selective control means under control by the 
operator and Connected with said impedance 
lineans for progressively charging from said one 
to Said other voltage. 

5. A control Systen comprising an alternating 
current motor, three-phase energizing circuit, 
means connected to said motor, a saturable re 
actor having a main coil series corrected to said 
notor in one phase of Said circuit means and a 

control winding for varying the reactance of said 
main coil over a range extending fron approxi 
anate single-phase to approximately balanced 
three-phase energization of said noto, a direct; 
current circuit connected to said control winding 
and comprising a stepped resistor for supplying 
W&riable energization to said control coil, and 
Operator-actuated Control means connected to 
Said resistor for progressively changing the en 
ergization of said control coil in order to change 
the energization of said motor. 

6. A hoist control system comprising an alter 
Eating-current hoist motor, three-phase energiz. 
ing circuit means connected to said motor for 
energizing it for hoisting and lowering opera 
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tions, a saturable reactor having a main coil se 
ries connected to said motor in one phase of said 
circuit means and a control winding for varying 
the reactance of said main coil, an energizing 
circuit connected to said control. coil and con 
taining a stepped resistance device for varying 
the energization of said control coil to premag 
netize said reactor between a minimum and max 
imum magnetization, and a controller having a 
plurality of selective control positions and con 
taining contact means connected with said cir 
cuit means to control the latter and further con 
tact means connected with said device for con 
trolling its resistance stepwise in accordance with 
the selected controller position so that the react 
ance of said reactor is stepwise decreased when 
changing the position of said controiler cowards 
high hoisting Speed and increased: when chang 
ing towards high lowering speeds, 
. . A hoist control system comprising an alter 
nating-current hoist motor, multiphase circuit 
means for energizing said motor for hoisting and 
lowering operations, a saturable reactor forming 
part of said circuit means for varying the speed 
torque characteristic of Said motor oetween pre 
dominant single-phase and multiphase opera 
tion, a master contoler for controlling said cir 
cuit means and said reactor in a given 3'elation to 
each other, and a separately controllable power 
brake associated with said motor and connected 
to said master coats'oller so as to be operable 
only when Said circuit, means and reactor are set 
by said controller for Zero speed and low speed 
lowering operation, 

8. A hoist conti'oi System ceingprising a hoist 
notor, circuit ineasis for energizing said motor 
for hoisting and lowering operations, variabie 
impedance means connected with said anotoir for 
controlling its speed, a nastes controller for con 
trolling said circuit nears and said irripediance 
means in a given sequence, said controller having 
an of position and a plurality of hoisting and 
lowering positions, a power orake associated with 
Said notos and connected to said (naster con 
troller So as to toe effective in the off position and 
ineffective in the hoisting position of said con 
troller, and separately actuable control sneans 
operable by the operator for releasing said brake 
When Said master controller is in said off posi 
tion. 

9. A nois conio System comprising an alter 
nating-current hoist, motor having a primary 
energizing circuit, and a secondary rotor circuit, 
a friction brake connected with said 3 notor, elec 
tric means for energizing said brake normally 
connected to said prixnary circuit, a naster con 
troller having an off position and a plurality of 
hoisting and lowering positions and being con 
nected with said primary and secondary circuits 
for operating said motor at different, hoisting 
and lowering speeds, and separately actuated op 
erator-controlled contact means for disconnect 
ing said brake energizing 3means from said pri 
mary circuit aad connecting it instead to said 
Secondary circuit for Speed-responsive operation, 
said contact means being electrically connected 
with Said naster controller so as to be ineffective 
in hoisting and high-speed lowering positions of 
said controller. 

10. A hoist control system comprising an al 
ternating-current hoist motor, energizing circuit waa 

means connected to said motor, a controller hav 
ing an off position and hoisting and loweringpo 
sitions and being coinected with said circuit 
means to coatrol said Snoi;0 in accordance with 
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said positions, a mechanical brake connected 
with said motor, current supply means for pro 
viding substantially constant energization of 
said brake, speed-responsive current Supply 
means for energizing said brake in accordance 
with the motor speed, changeover relay inter 
posed between said brake and said different sup 
ply means so as to normally connect said brake 
to said constant supply means, an operator-actu 
ated separate switch for controlling Said relay 
to change said brake over for energization by 
said speed-responsive means, said Switch being 
connected with said controller so as to be effec 
tive for starting a changeover only in Said off po 
sition, said relay having a self-sealing contact 
connected with said controller so as to permit 
maintaining said switch effective only over a lim 
ited number of low-speed lowering positions of 
said controller once said switch has been actu 
ated in a proceeding off position, whereby the 
system affords stopping said motor at no load and 
low-load lowering. 

11. A motor control System comprising a 
wound rotor induction motor having multiple 
phase primary windings and a secondary resist 
ance circuit, multiple-phase alternating current 
supply means connected to said primary wind 
ings, primary voltage control means interposed 
between said supply means and said motor for 
controlling the balance condition of the primary 
phase voltage impressed on said windings, sec 
ondary control means for controlling the resist 
ance of said secondary circuit, and master con 
trol means having a multiple number of selec 
tive control positions and being connected with 
said primary control means and said secondary 
control means for changing the degree of pri 
mary voltage balance in a given sequential re 
lation to each other. 

12. A motor control system comprising a 
wound rotor motor having primary terminals 
and a secondary resistance circuit, multiphase 
current supply means connected with said termi 
nals, voltage control means interposed between 
said supply means and said terminals for varying 
the balance condition of the primary motor volt 
age, and operator-actuable selective contact 
means connected with said secondary circuit and 
with said voltage control means for causing the 
latter to unbalance the voltage across said ter 
minals when said secondary circuit is in at least 
one selected resistance condition and causing 
said voltage control means to maintain said volt 
age substantially balanced when said circuit is 
in another selected condition. 

13. A hoist control system comprising a wound 
rotor motor having primary terminals and a 
secondary resistance circuit, multiphase current 
supply means connected with said terminals, re 
versing contactors associated with Said supply 
means, unbalanceable voltage control means in 
terposed between said supply means and Said 
terminals, an operator-actuated master control 
ler connected with said contactors and Said sec 
ondary circuit and with said control means for 
causing the latter to unbalance the voltage acroSS 
said terminals when said contactors and second 
ary circuit are set by said master controller for 
low speed lowering operation of said motor. 

14. A motor control System comprising an al 
ternating current multiphase motor, multiphase 
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current supply means therefor, stepwise variable 
voltage control means disposed between Said Sup 
ply means and said motor for varying the voltage 
distribution of said motor over a stepped range 
including a substantially balanced and an un 
balanced voltage distribution, and a multiple 
point operator-actuated master controller hav 
ing sequential contact steps connected with said 
voltage control means for causing them to change 
said voltage distribution in order to change the 
speed torque characteristic of said motor in cor 
responding stepS. 

15. A hoist control system comprising, in COm 
bination, an alternating current hoist motor hav 
ing standard connected primary windings, a mul 
tiphase circuit connected to said windings and 
containing variable circuit means for unbalanc 
ing the voltage of said windings by varying the 
voltage of at least one of them between two values 
corresponding to low speed high torque and low 
speed low torque characteristics respectively, and 
an operator actuable controller for stepwise vary 
ing said circuit means between said values 
through selective intermediate stages correspond 
ing to speed torque characteristics intermediate 
the aforesaid characteristics. 

16. A hoist control System comprising, in COm 
bination, an alternating circuit hoist motor hav 
ing standard connected primary Windings, a nul 

30 

35 

40 

50 

55 

60 

65 

70 

tiphase circuit connected to said primaries and 
containing variable reactor means associated 
with a lesser number of phases for varying the 
voltages of said primaries relative to each other 
through a range including a substantially bal 
anced multiphase voltage distribution and a 
greatly unbalanced voltage distribution to obtain 
corresponding low speed high torque and low 
speed low torque characteristics respectively, and 
an operator actuable controller for varying said 
circuit means through selective intermediate 
stages corresponding to speed torque character 
istics intermediate the aforesaid characteristics. 

17. A hoist control System comprising an al 
ternating-current hoist motor, three-phase cur 
rent supply means connected to said motor, a 
variable impedance device disposed in a lesser 
number of phases of said supply means for 
changing the energization of said motor through 
selective intermediate stages between Substan 
tially balanced three-phase energization and ap 
proximate single-phase energization, and means 
for controlling said supply means and impedance 
means so as to provide approximate single-phase 
and intermediate energization at overhauling 
lowering operations and substantially balanced 
three-phase energization at hoisting Operation 
of said motor. 

18. A hoist control System comprising an al 
ternating current hoist motor, three-phase cur 
rent supply means connected to said motor, sat 
urable reactor means associated with a lesser . 
number of phases of Said Supply means, control 
windings for varying the reactance of Said re 
actor means, circuit control means associated 
with said supply means for operating said motor 
for hoisting and lowering, and control means 
connected to said control windings for increas 
ing said reactance so as to provide unbalanced 
energization to said motor at overhauling lower 
ing operation. 
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