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- States of America, have invented a new and
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' One embodiment of my invention is dis-
~closed hereinafter and is an improvenient in
my Patent, No. 733,550, granted July 14,
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To all whom it may concern: . _
- Be 1t known that I, Davip L. Linpquist, a
subject of the King of Sweden and Norway,

residing at Yonkers, in the county of West-

chester and State of New York, United

useful Improvement in Controlling Devices
for Alternating-Current Motors, of which
the following i1s a specification.

- My invention relates to means for con-
trolling electric motors of the induction type
which are adapted to be operated by single-
phase or polyphase currents. -~ =~
- The object of my invention is the pro-
vision of means for controlling alternating

" current motors of the induction type inde- .

pendently of predetermined voltages on the
Enes by which the motor 15 arranged to be
supplied with current. . To accomplish this
I provide an electrical device adapted to be

fed from the primary circuit and place it in

co-acting relation with an additional elec-

trical device fed from the secondary circuit

so that upon a variation in the primary
voltage the effective operation of these de-
vices shall not be subject to change when
not desired. = - -

1903.

- I do not limit myself to the details of con-
~ struction and arrangement of parts.as herein
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- or three-phase current; Fig. 2 1s a diagram-

without departing from the spirit and scope

- of my invention. I therefore desire that
- my claims may be construed broadly. =~
~ Referring to the accompanying drawings,
Figure 1 is a diagrammatic view showing

my apparatus applied to a two-phase motor
which is arranged to be supplied with two-

matic view showing a slight modification

| of Fig. 1; Fig. 3 shows an arrangement of

45 . t
. my invention by means of magnets of dif-
ferent strengths and also shows contacts for |
interrupting a circuit through certain con-

50

apparatus whereby I carry out the object of

trolling electro-magnets; Fig. 4 i1s another
modification. showing the controlling coils

in circuit with the secondary of the motor,

. in series with each other, and also _shmvir}g

_contacts to. establish and interrupt certain

| Similar reference numbers and characters
indicate hike parts throughout the drawings.
| Referring to Fig. 1, M designates a motor
of the induction type. It is here shown as a
two-phase motor, the main 17 being con-
i nected to the inside terminals at the top

- the outside terminals. The current sup-
plied to the motor through the mains 17, 39
and 41 may be two-phase or three-phase.
- To the motor secondary, by means of the
slip rings S and brushes 42, 43 and 44 are
connected the resistances R, here shown as
star-connected. 'To the terminals &, ¢ and f
are connected the fixed contacts 6/, " and
| 877", respectively. To the intermediate
points ¢, A and % are connected the fixed
contacts ¢’, ¢’ and o’’’ S
Under the fixed contacts o', '’ and &'’
are suitably mounted the movable contacts
59 electrically connected together and adapt-
\, ed to make contact with and electrically con-

nect the fixed contacts a’, a’’, @’’’

ed the movable contacts 49. These movable
| contacts are mounted upon movable plungers
‘ or cores 1, 2, 3 and 4 of magnetizable mate-
rial but insulated therefrom by the insula-
‘tion 5 and 5. The cores 1 and 2 are rigidly
connected with each other as well as to the
‘movable contents 59 and are arranged to be
’ acted upon by the solenoids A" and B’. The
relative arrangement of these cores and coils

disclosed, as many changes may be made | is such that when the stationary coils A’ and

| B’ are energized the coil B’ tends to pull

core 2 downwardly and consequently the
contacts 59, while the coill A" tends to force
the same upwardly. The switch 75 1s simi-
’ larly arranged to act in a similar manner

but comes into operation to move the cons

| tacts 49 upwardly later than the switch 70

by reason of the resistance " and 7'/, the
| resistance 7’ being greater than the resist-
ance /. L S

~ The coils A’, A’’ are connected m parallel

mains 17 and 41. The coils B’, B’ are also
connected in parallel and to any two circuits
leading from.the brushes connected to the
rotor or secondary of the motor.

_ Under
the contacts 4/, "7, &'’/ are similarly mount-

across any two of the primary mains to the 1
motor. In Fig. 1 these coils are shown con-’
nected from the points 7 and 8 by means of
{ circuits 5 ‘and 6, respectively, to the primary

Fig. 1
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| of the motor and the mains 389 and 41 to
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| shows the coils B’, B’ connected through the
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wires 9 and 10 to the terminals e and d, re-
sEectively. It is therefore obvious that
t

ough the current in the primary may be

two- or three-phase and that in the second-
ary three-phase, the coils A’, A”’, B’ and B”’}
are so connected that the current therein will
always be single-phase. This arrangement
is for the purpose not only .of simphfying
the wiring but to automatically control the
starting of the motor and maintain the same
at substantially full speed independently of
the voltage 1n the primary. That 1s to say
when the circuits to the motor are closed
from a source of supply of alternating cur-

rent, the relation between the primary and |

secondary voltage 1s constant, and therefore
the relation between the voltages applied to
the coils 1s constant, so that 1f a drop of volt-
age should occur in the primary mains the
operativeness of the switches 70 and 75 to
properly start the motor will not be i1m-
paired within certain limits. This constant

‘relation of voltages also holds true while the

29
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~strength or pulling force on the cores 1 and

495
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- in the coil B’/ than in the coil B’. The coil |
A’ will therefore overcome the coil B’
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- causes the motor to run up to full speed.
«.. «Now since .the strength of the coils A’,

.

65 flow therein and the current '\'faljies directly

motor is running, so that should the main
line voltage drop somewhat then the switches
70 and 75 will be held in closed position and
not interfere with the running 6f the motor.

In starting the motor the operation 1s as
follows: When the primary circuit is first
closed from the source of supply the second-
ary voltage will be at its maximum and con-
sequently the current flowing through the
coils B’, B” will be at a maximum. The
coils B, B/, having greater strength than
the coils A’, A”" which are energized from
two of the primary mains, will hold the
switches 70 and 75 in their lower positions.
So long as the voltage of the primary mains
remains constant the current through  the
colls A" and A’" and consequently the

3 remains constant. But as the rotor speeds
up the secondary voltage gradually drops
causing less and less current to flow to the

coils B’, B’ until finally the coil A’ over-

comes the coi] B’ and moves the contacts 59
into engagement with the contacts o', a’’,

‘@’’’ thus cutting out part of the resistances R.

The resistance »” being greater than the
resistance '’ miore current will always flow

later to cause the contacts 49 to engage the
confacts &7, &7, 6"’

the resistance. is cut out which causes the
motor to run at a greater speed. In doing

so the secondary voltage gradually drops

until the motor has attained a predetermined
speed when all the remainder of the resist-
ances R are cut out by the switch 75. This

A, B’, B’ varies directly as' the current

as desired. |

5 and 9 for A’’’

_ That 1s, the motor
runs to full slow speed and then a part of

980,302

in the voltage applied will cause said coils
to weaken and exert less force on their cores.
With a given motor runnirng at a given speed
the relation between the primary voltage
and secondary voltage is maintained con-
stant. But should the primary voltage drop
the motor would slow down proportionately

and therefore the secondary voltage applied
to the coils B, B” would be decreased and

| as the voltage applied to said coils, any df"E’P .

70

75

these colls would exert less force to pull’

down the cores 2 and 4. The strength of the
colls A’, A”" 1s similarly decreased causing
a less upward pulling force to be exerted
by them, so that the resultant action of the

switches 70 and 75 remains the same and
the contacts are held closed. '

In Fig. 2 I have shown motor controlling

apparatus similar to that shown in Fig. 1

but the coils connected to the ‘primary are

connected across different phases but still -

remail single-phase colls; so also are the
colls which are connected to the secondary
connected across separate phases but remain
single-phase coils. In this arrangement the

~current from the phases is more evenly dis-

tributed which may be an advantage in some
cases 1n the operation of the motor.
either Fig. 1 or Fig. 2 one or more series
of contacts may be added and the resist-
ances R correspondingly increased so that
the accelerating action may be as gradual

Referring to Fig. 2 the coils A’, A, A’
are seen to be connected to separate phases

of a three-phase circuit by means of the cir-

cuits 6 and 9 for A’,- 5 and 6 for A’ and
f for The coils B, B*, B’’’ are
shown similarly connected to the secondary

| or rotor circult by means of the circuits 15

and 16 for B, 15 and 18 for B’/ and 16 and
18 for B’”’. When energized the coils A’,
A", A’ exert an upward pulling force on

the- cores 1, 3, 13, respectively, while the
colls B', B, B”"” exert.a downward pulling

force on the cores 2, 4 and 14, respectively.

The cores are Figidly connected -together

for each set of coils and also to disks D’,

D"/, D’’’ which are adapted to electrically
connect the contacts shown above them to
short-circuit the resistances R and thus.cause

the motor to accelerate in speed up to full
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speed. First the coil B’ weakens after the -

circuit to the motor is closed until overcome

by coil A’ when the disk D’ connects a’,-a’’,

a’’’ leading to the points g, %, %, short-cir-

cuiting one of the resistances R here shown -

as the central

sistance. The disks are insulated from the

solegoid cores by the insulation 19. After

the disk D’ has been raised and the motor

portion of a star-connected re-

125

| speed has been increased to a predetermined~. . = :

point the disk D’’, and finally in a similar =
way the disk D’’’ are raised when all of the .

t . .

resistances R will have been cut out and
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ig. 3 I have shown a different ar-
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‘magnets, namel
‘nected 1In para
primary - mains.
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the m0t0r1s at liberty to run up to full
cvoed. - _ _ __

‘The coils B’, B/, and B’ may be made
of different strengths so that they will re-

lease their cores successively to effect a step-
by-step. cutting out. of the sectional resist-
ance R. |
" The principle of
ment shown in Fig.
same as that alrea

In .
rangement of apparatus although the prin-
ciple of operation is the same as that _a,l-
ready described in connection with Kigs.

1 and 2. In placé of the vertically movable

cores shown in Figs. 1 and 2 I pivot levers
L/, L/, L’ at 21, 217, 217, respectively, 1n
proximity to electro-magnets having poles
of different lengths so that salid magnets
may have a maximum effect on sald levers
which are of magnetizable material and
therefore serve as armatures. Three of these
, A’, A” and A" are con-

" Fig. 8 shows these three
magnets connected to mains. 17 and 41 by
ires 5 and 6. The other three magnets,

wires
namely, B’, B”” and B’/ are connected 1n

» parallel and across two of the secondary cir-

. cuits, as
wires 26, 33 and 27, 34.

across the brushes 43 and 44 by

In circuit with the magnets A’ and A”’

are the contacts 24 and 25 which are nor-

mally closed but when separated break the
circuit to the magnets A’ and A"/, the cir-

cuit to the mignet  A’’", however, always
remains intact. - o

~ As in Fig. 1, resistances 7 , 'y '’ are
shown in Fig. 8 in series with the mane}s
B’, B, B""’, respectively, the value of said
resistances gradually  diminishing

order named, so that the current flowing

45

50
~ ..magnets B, B”", B"”

- rent from the secondary
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‘may be least in B’ and

the armature L’ is moved to cause the
tacts 59 to engage with the contacts a’, a’y
0 4’"’. As the motor speeds up the armature
L/’ acts in the same manner to close its

~ contacts and finally armature L/’ is oper-
~ ated after which the motor attains full speed.

through the magnets B’, B", B’’’ for any
given voltage across the circuits 26 and 27
, most in B,
When the primary circuit is closed at the

switch 20, the parts will take the positions
shown and the armatures L’, L/, L will |
be held in ‘their normal positions by the-
which are fed by cur-

-

ndary. At the same time
the magnets A’, A’’, A’ are exerting a
pulling force to move the armatures in the
opposite direction.

the rotor the voltage
until magnet A’ overcomes magn

in the secondary drops

F

!

' Tt should be noted, however, that when'the
85 grmature 1"/ is moved by the magmet A"™"

operation of the ﬂ.rrf'l_l:lgé '
9 is-substantially the
y explained in reference

lel and across two of the

Due to the rotation of-

‘in its contact elosin%

d’, d'" and d;:}, and closing

in the |

et B’ and |
ConN-

&

‘the contacts 24 and 25 are separﬂtéd and the

circuit to the mdgnets A’, A’ therefore
broken. The levers L, L” return to their
normal positions but armature L’ is held
| - position by the magnet
A’’" which is alwaysin circuit with two mains
of the primary. The resistance of the cir-
cuit.5, 6 being thus increased less current
is riecéssary to be shunted away from the pri-
mary which may serve to allow the motor to
run more evenly where all the magnets con-
nected to the primary are connected across

i only two-of the mains.

Fig. 4 shows another modification of my
invention. The motor is here shown more
diagrammatically, 51 designating the stator
winding and 53 the rotor winding. The

75

70 .

80

coils connected to the rotor are connected in -

series, whereas in the previous figures they |
were 1n each case connected in parallel. - The 85 .
coils A’, A”’, A”’" oppose the coils B, B, .
B’’’ in their. action as before, and as indi- :
cated by the arrows. The cores 35, 36 and :
37 are arranged to close contacts as already :

explained to cut out the resistances R and
are shown su ported on springs
46, respectively, thus se aratinithe contacts
, the .contact f
with that of the spring 46. - o
The operation of the apparatus shown m:
Fig. 4 is as follows: Assuming the switch
90 closed to a source of three-phase current
supply '

coil A’ from main 41,.to and through wire

| 47, coil A’, wire 52, contact f* and that on

spring 46, said spring, wire 48, to main 39.

‘Until the inotor has attained a predeter-

mined speed, however, the coil B’ will exert
a greater downward force than the coil A’
exerts in an upward direction on the core 35.

tain speed the core 85 overcomes coil B’ and

the core 35 is moved upward allowing the
closure of these contacts closes the circuit
is, the coils A”, A"’ 'are connected in paral-
lel. When. the core 35 was moved upward

the disk D” and contacts co-acting there-
with caused a part of the resistances R to

by the disk D’ when moved upward. . The
contacts d’’ are then closed, which places.

when all of the resistancés are finally short~
circuited to allow the motor to attain full
speed the contacts d’’” are closed and the

circuit through contact-#’ broken. - The cir- -
cnit through the coils A’ and A" 18 there- 125
“fore interrupted and the disks D’ and .D”* -
with their cores allowed to come to their
griginal positions to again separate the con- -

‘tacts &’ and d’. The

coil A’”’, however, is maintained irom

circuit through the

.
. L .

T i
S A -

o

When, however, the motor has come to a cer- -

‘spring 38 to -close the contacts d’. The .=
lo 110
| just traced through the coil A’/ also; that

90

38, 45 and

95

100

a cirenit’ will be established through "

105

115 :
be short-circuited. The next is the cutting-
‘out of more of said resistances which is done

all three coils A’, A”, A’ in parallel but 120{

47, 130,
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65, current induction motor, of resistance in the

to the contacts &'/, spring 46 and wire 48.
The coils B and B’ now hold the cores 85
and 386 down without any opposing force
from the coils A’ and A”’.

In the apparatus shown in Fig. 4 the re-
sultant action on the core 35 to hold it in
its 'uppjr position 1s substantially constant
and independent of variations within cer-
tain limits of the main line voltage as any
drop in the main line voltage will cause a
corresponding drop in the secondary.

Having thus fully described my invention
and the preferable mode of applying the
principle thereof, what I claim and gesire
to secure by Letters Patent 1s: .

1. The combination with an alternating
current motor of the induction type, of pri-
mary mains therefor, means connected to
two of said primary mains and to the sec-
ondary for controlling the speed of said
motor independently of changes of voltage
across the primary mains.

2. The combination with an alternating
current motor of the induction type, of
main lines of a source of multi-phase cur-
rent supply, resistance in circuit with the
secondary motor circuit, and means con-
trolled by the voltage of said secondary cir-
cuit and comprising a circuit connected
across only two of said main lines, for vary-
ing sald resistance. |

3. The combination with an alternating
current motor of the induction type, of re-
sistance In circuit with the secondary of said
motor, opposing magnets -connected respec-

tively to the primary and secondary of the

motor, and means controlled. by said mag-

nets for varying said resistance.

4."The combination with an alternating
current motor of the mduction type, of re-
sistance in the secondary circuit, and means

including opposing magnets for decreasing |

said resistance controlled by the resultant
of the primary and secondary voltage of

the motor.

5. The combination ﬁith an alternﬁting
current induction motor, of an electromag-
netic controlling device comprising oppos-

~  ing magnets, said controlling device being
- 90,

operable by differential current in said mag-
nets determined by the voltages in the pri-
mary and secondary of said motor from

starting to full speed. | _
6. The combination of an alternatinig cur-

rent motor of the induction type and elec-
tro -magnetic controlling devices therefor
comprising a plurality of opposing electro-
magnets, half of the number of said oppos-

iIng magnets being connected to the primary

and the other half to the secondary of said
motor, and switches successively operated
y sald magnets to eflect an acceleration of

sald motor.

7. The combination “with an alternating

| secondary motor circuit, and an electro-mag-

netic means comprising a plurality of op-
positely actuating coils for varying said re-
sistance 1n accordance with the voltage in
said secondary. | 70
8. The combination with an alternating
current induction motor, of an electro-mag-

netic device in circuit with the secondary

of said motor, motor-starting resistance, and
an additional electro-magnetic device oper- 75
ating 1n opposition to said first electro-mag-
netic device to decrease said resistance as
the motor increases in speed. -

9. In a controlling device for alternatin

current motors, the combination with main 80.

lines of a multiphase circuit, of an alternat-

ing current motor, electro-responsive de-
vices connected directly across two of the

| said main lines, a variable resistance in the

secondary of the motor, electro-receptive 85

devices connected across two terminals of
| the resistance, electric circuits and connec-

tions for said electro-responsive devices, and
means operated by said electro-receptive :
devices to gradually cut out said resistance 90 !

as the motor increases in speed. AT

10. The combination with a two phase mo-
tor of the induction type, three main lines
therefor, an electro-receptive device connect-
ed directly across any two of said main lines, 95 |
of variable resistance in the secondary cir-
cutt of said motor, a second electro-receptive

‘device arranged to be connected across any

two of the terminals of said secondary cir-

cuit, and means operated by said electro- 100:

receptive devices to cut out said resistance as
the motor increases.in speed. |

11. The combination with a multiphase
motor of the induction type, of supply mains :
therefor, electro-receptive devices connected 105:
in parallel directly across two of said mains, . ¢
a variable resistance in the secondary of said
motor, additional electro - receptive’ devices
connected across any two of the terminals of
sald secondary, and means operated by said 110:
electro-receptive devices to gradually cut out
sald resistance until the motor attains full
speed. N | | o

12. The combination with an alternating |
current electric motor, of a variable resist- 115:
ance In the secondary circuit of the motor,

‘mechanism for cutting out said resistance, an

electro-magnetic device for operating said .
mechanism, an additional electro-magnetic =~
device energized from the secondary circuit: 120:
of the motor opposing said first-named elec- = -
tro-magnetic device so that as the motor in-
creases 1n speed one of said electro-magnetie,
devices will gradually overcome the other
and said resistance will be gradually cut out. 125
- 13. The combination of a motor, of supply |
mains for supplying current to the motor;a’
plurality of electro-magnets connected. in .
parallel to said supply mains, a.plurality of.. . |
additional electro-magnets acting in opposi-"130 ;-
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tion to the first-mentioned electro-magnets | mary source of current and a coil energized

and connected to the secondary circuit of the
motor, resistances in circuit with said sec-
ondary circuit, agpd means operated by said
electromagnets for cutting out said resist-
ances upon the motor attaining predeter-
mined speeds.

14. The combination of an - alternating
currént electric - motor, resistances '1n the
secondary of the motor, a plurality of elec-

tro-magnetic devices controlling said resist- |

ances, one of said electro-magnetic devices
being energized from mains of the motor
and the other from the secondary circuit of
the motor, and means operated by said elec-
tro-magnetic devices for cutting out said re-

 sistance, said devices being in opposition so

30

that as the motor attains predetermined

~ speeds the resultant action of -said electro-
20

magnetic devices effects a gradual cutting
out of circuit of said resistances.

15. The combination of an alternating
current motor, a controlling device therefor,

~ comprising an electro-magnet coil energized
- 25

from the primary source of current, and a
coil energized from the secondary of the
motor, said coils opposing each other 1n
their action. |

16. In combination, an alternating cur-
rent motor, a controlling "device therefor

comprising an electro-magnet coil directly |
connected to and energized from the pri-|

from the secondary of the motor, the second-
named coil being

greater energizing strength than the first-

named coil when the motor i1s first started

but after the motor has attained a prede-

| termined speed to have less strength, and a

device controlled by said coils for effecting
the acceleration of the motor.

17. The combination with a three-phase
induction motor, supply mains therefor, an
electro-magnetic device energized from any
two of said mains, a variable resistance 1n

eircuit with the motor secondary, a second

electro-magnetic device of different strength
from said first-named electro-magnetic de-
vice and energized from said secondary, and
electric circuits and connections for said de-
vices, means controlling said resistance, and

| operated by said devices so that as the mo-

| tor increases in speed said second named
electro-magnetic device is gradually varied

in strength to allow the first electro-mag-
netic device to effect a successive cutting out
of circuit of said resistance.

In testimony whereof, I have signed my
name to this specification in the presence of
two subscribing witnesses. |

DAVID LLEONARD LINDQUIST.

Witnesses: ' |

Coarres M. Nissen,

Henry E. KirBY.
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