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i e e

T'o all whom it niay concern.

Be 1t known that I, WiLLiam F. HEnpRY,
2 citizen of the United States, residing at
New York, in the county of New York and
State of New York, have invented a certain
new and useful Improvement in Automatic
Motor-Starters, of which the following is &
fall, clear, concise, and exact description.
My invention relates to motor starting
devices, and its object is to provide auto-

- matic -medns 'for gradually eutting out the

e R

starting redistance of elecfric motors.
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Prior to my invention all motor starters
of the automatic type, commonly called

“self starters,” were operated by one or more

solenolds, which may eclose the line circuit
and which short circuit the startino resist-
ance. These solenoids require a certain
amount of current, ‘to hold their switches
tightly closed, and herein lies one of the
great objections to automatic starters.

My invention broadly comprises an auto- | .

matic starter which uses no current after it

has performed its function of starting the

motor. + In'my invention the devices for cut-
ting out the starfing resistance, and prefer-
ably also the device or devices for closing the

ure of the eurrent supply or an excess of cur-
rent. Said -devices preferably comnsist of
solenoid switches provided with mechanical
self-locking means for retaining said switches
m closed position, and additional means,
under the control of -the operator, for open-
g said switches, said means being also au-
ly operated in case of overload or
underload. | S
- An additional feature of my invention is
the provisign of means ‘whereby an external
source of energy regefs;the entire apparatus

in case: of failure of . the. current supply.
While any external source #f energy may be

L [
1

ope

used, 1 preferably ~;~?1npit?;:;ﬂwe energy’ devel-
d by the inertia of the revolwing motor

armature anid the, machinery .which it may

be driving to accontplish this purpose..
These and other nowel f.fﬁrm res of my in-

vention will be mare readily understood by

referonce; to the peqampanying drawings, in

which, TP A S |
Figure 1 is’ a”diagram ‘show

: SR TR TN 1o od in |

ragus, dnd: cirepits employed In my inwven-

|-Id"':l"*I T (|
F"

tion; Figs: 2'and 3 are front and. side eleva- | ar

showing the appa-

- .

|

4

] load and underload relay

| pery

tions, 1.'esﬁectively, of the self-locking solen-
oid switch employed in my invention.
Similar letters of reference refer to similar
parts wherever they are used. ,
The apparatus comprises two solenoids
A and C for operating switches « and ¢, re-
speettvely, which close the circuit of the
main line; solenoids M, N, P and B control-
ling switches m, n, p and b, respectively, for
gradually cutting out the starting resistance
R of the motor armature; three tripping
magnets T, T, T¢ adapted when energizec
to actuate means ftor unlocking switches a,
b, ¢, respectively; a master rheostat solen-
ord S actuating a lever L for controlling the
admission of current to the cvils of the so-

| lenoids M, N, P and B: a solenoid or brake

cotl 1., controlling brake mechanism of the
lever L; a relay D controlling a short cir-
cutt about the brake coil L; and an over-
0. O
The plungers of the solenoids A, B and C
are extended below the switches « b ¢, re-
spectively, and are supported when- said
solenoids are deénergized, upon the base of
the brackets ¢, the lugs ¢ of which as shown
i Kig. 2, act as guides for said plungers.

cireutt, lock themselves in their running po- | The lower end of each of these plungers has

gition, but open automatically in case of fail- |

a groove ( cut In it. A trigger or latch E

‘18 supported above the magnet T and carries
- on one end a roller ..

When the solenoid
plunger is raised to close the switch, a spring
¢/, as shown in Fig. 3, or ¢® as shown in Fig. 1,
causes the roller ¢ of the latch E to engage
the groove G and thus hold the switch in

closed position, regardlessg of whether or not

the solenoid is energized.

For the purpose of unlocking the latches E

‘and releasing the plungers of the solenoids

A, B, C, the tripping magnets T, T7, T?, re-

spectively, are provided. The energization

of these magnets, as will be hercafter de-
scribed, is under the control of a stop button

'V, as well as the overload and undetload
When magnets T, T’, T? are ener-

coll O. |
gized, their core pieces or plungers F are
ﬁrawn up and the pin f is actuated to deliver
& blow upon the lever E sufliciently to over-
come the tension of the spring ¢’ or ¢2. The
roller e is thus withdrawn from the groove G,
iting the corresponding switch to be
opened. hile I have shown the latch. E
adgpted to be locked by the spring ¢ or ‘e
to be unlmke'dbf | themlﬁ% 8. 1,71,
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2

1%, I do not wish to limit myself to this par-

ticular arrangement, as obviously changes |

might be made to meet special cases.

ﬁy operating the starting switch W, a cir-
cuit 1s closed from the mains through the
solenoids A and C. The windings of these
solenoids are connected across the line in

series with each other and In series with g .

branch of which passes

Far&llei circuit, one
the lamp resistance

rom the point 5 through
H to the point 4.
from the point 5 through a switch ¥, closed
when the solenoid B is deénergized, and
from thence through switches m’, n', p,
closed when solenoids M, N and P, respec-

tively, are deénergized, to the pomt 4. When |
open, the current .

the last described branch is
flowing throuch the other branch, owing ta
the high resistance of the lamp H, is insuf-
ficient to energize the solenoids A and C suf-
ficiently to close the corresponding switches
@ and ¢. The solenoids A and C are further
rovided with switches o, ¢’, respectively.
Sald switches break the main circut and are
located in the strong magnetic field of power-
ful blowout coils a* ¢2,” which disrupt the
arcs.  When the parts are in normal cond;.
tion, however, the closing of the switch W ,
causes the solenoids A and C to close the
main line switches o and ¢ res ectively.
When the switches ¢ and ¢ are closed the
latches E serve to retain them.in the closed
position, as above described, and hence the
necessity for a continued flow of current
through the solenoids A and C is eliminated.
Therefore when the operator removes his
finger from the push button W, the current
through said solenoids is cut off, but the
switches @ and ¢ remain closed. o
~ When the switches a and ¢ are closed a cir-
cuit i1s completed f it] 13
the mains, , _
armature Y, the resistarice R to the
and from thence through the relay (
olnt 2, and from thence through the switch
¢ to the negative terminagl of the majins. _
shunt field of the motor armature extends
from the. point 3 through the shunt field re-
sistance to the point 2, and 4is ener 1zed as
soon as switches A and C are closed.

The resistance R is arranged in a l]'{)lur&lity |
R4 The-

of steps or blocks R’, R? Rs,
plungers of the solenoids M, N, P and B
oOperate switches m, n, » and b, respectively,
for successively cutting out these steps
blocks of resistance R.. While for the pur-
pose of description I have shown the arma-

ture resistance arranged in four blocks and |

adapted to be cut out by four switches, it is
obvious that any desired number of blocks
and switches may be used,

As shown in Fig. 1, the circuits through
the windings of solenoids M, N, P and B are
normally open at the contact buttons mé, nd,
Said contacts are

ool

The other branch extends |

from moving the lever 1/
as before described. As the

of | I: bein

‘tacts, and when said lever rests Epn.-the con-

921,989

" adapted to be closed'by a lever 1/, which is

prvoted at I/, and is adapted to bedrawn suc-

cessively over the buttons m®, nd, p*, *, by

| the upward movement of the plunger s of the
solenoid S, said [ﬁunger having a slot in its-
o
o

lower end through which it is pivotally con-
nected by a pin to the lever L, .

When the switches a and ¢ are closed in the
act of starting the motor, a circuit is
completed through the switch a, the point 7,
the switch b2 top of solenoid B, the
solenoid 8, the point 8, the solenoid or brake
coil I, point 6, point 1, and from thence
through the relay O and switch ¢ to the nega-

tive terminal of the mains. A short circujt

the point 8 to the point 6, through the con-
tact point d’ and lever 1/, said short circuit
being closed at one of the i)uttona x, mt, ntor
p’, and being controlled by the armature g
of the relay D at the contact d’. -

The relay D is in series with the armature
cireuit, its windings being included in g par-
allel branch circuit extend ing from the point

10 to the point 1.

The plunger of the solenoid I, is normally
held upward by a spring I*. A lever 1.2 is
pivoted at one end to said piunger, and its
other end is pivoted to the framework at L.
A band P passes around the enlarged circular
end or drum L3 of the lever L/ , the ends of the
bands being secured at different points on
the lever L®. As a result of this construe-
tion, when the solenoid or brake coil L. 1s en-
ergized and draws in its lunger, the lever 1.*
ts rocked on its fulecrum Fi, and the band P is
tightly drawn over the drum | . a"étitllg, as o
brake upon the movement of the lever 1.
The starting resistance R may be of such
value as will allow a current to pass of any
predetermined amount, say about fifty per
cent. above the normal running current of the
motor. The relay D is adjusted to o} erate
at this current and opens contact d , thus
opening the short circuit around the brake
coll L, allowing said coil to be energized and
thereby preventing the master solenoid S
over the contacts

3 3 3 3

. motor armature speeds up the flow of cur-

rent in the circuit, Including relay D, is re-
duced thereby, and the relay D releases its
armature d,-tflus closing contact d’. The
short circuit about the windings of solenoid

closed at contacts tﬁ and 2z, said
solenoid is deénergized and its plunger is re-
tracted by the spring 2, carrying with it the
end of the lever L2, and thus loosening the
band 28, thew removing the brake from the
lever 1.. e solenoid S is then free to
move the lever I’ over the double row of con-

tact button m3, a branch circuijt : _
through the windings of the solenoid ) , CON-

tact m?, lever L/ to point 6. The energiza-

completed

8(

of the windings of the solenoid I, extends from

110
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tion of solenoid M closes the switelr m and ' can receive no current, as the lever then rests
cuts out the first step or block R’ of starting |

resistence R, The switch n? is also ¢losed
by the energization of the solenoid M.

When the block R’ of resisianee is cut out

F

f

on the dead button z.

From the furegoing description of the
operation of my nutomatic motor starter it is
apparent that with the parts in nornal POSI- 79

the current through the armature cireuit Hp=“tion, as shown in Fig. 1, & momentary closing

medlately increases to, say, Tilty per ceot.

above normal, and the reflayv D attrnets its

armature and opens the shovt civcuit about

the brake coil 1., whiely thereupon becominge
energized prevents further movement of the

of the starting button W is sufficient to close
switehes « and ¢, which are mechanically
locked in closed position.  The release of the
starting button opens the cireuit of solenoids -5

- A snd € which receive current only as long as

lever 1/, As the motor speeds up, the curvent

decreases, the relay I releases its armature
and the brake coil Lis short cireuited thr o oh
contact 7, switeh m?, contact button n* and
lever 1. Tli- allows the master solenojd S
to further raise its plunger and to further
draw the lever I/ over the row of contacts to
the contact.button n?, whereupon the solen-
ord N is energized and euts out an additional
block R* of resistance. This operation of
gradually eutting out steps of resistance con-
tmues as the motor speeff; up.

It will be observed that unless the solenoid
M has previously operated to cut out a block
of resistance and at the same time to close
the switch m? the short circuit about the
brake coil 1., éven though closed at contacts
¢’ and m* will still be open at said switch m?,
and hence the brake upon lever 1./ will be
maintained. It is apparent therefore.that
the lever L’ cannot advance beyond con-
tacts m*, n*, or p* until the corresponding
magnet M, N, or P has operated and thereby
closed the corresponding switch m?, 73, or p>.

- When the lever 1/ reaches the last contact
button 4°, the solenoid B is energized and
closes the switch b, which switch is held in
closed position by the latch E.  The closing
of switch b cuts out the last step K+ of the
resistance and at the same time short-eir-
cuits the relay I), which is in shunt with the

saild block R4 of resistance.

As the.solenoid B raises its plunger, the

4
i

|

|
f

|

!
;.

switch 4* is operated to open the circuit |

through the solenoids S and 1. Thereupon
the lever L’ is returned by the force of gravity
to its mitial position against the sto ¥ and
rests upon the button « and the dead button
2. In case the lever should stick at any of

the intermediate contacts mé, n’, p* or b4, |

thereby energizing the corresporiding resist-
ance solenoid and cutting out armature re-
sistance, the corresponding switéh m’, o/, p’
or &’ at the top of said resistance solenoid
would be opened ar- it would be 1mpossible
to start the motor until said resistance

solenotd had been deénergized by moving

the lever to the initial position. This is due
to the fact that with their circuits open at

any of theswitches m’, 7', p’ or ¥’ the solenotds |

A and € would not receive enough current
throtigh the branch including the Yamp H to
close %he' switches ¢ and ¢, In the initial
position of the lever the resistafice sofenoids

|

E

..

I8 necessary to close their switches, It js
also apparent that as soon as the solenoid B-
15 energized to close switeh b, which is also
mechanically locked in closed position, there- s¢
by cutting out all of the starting resistance R :
or 1 other words, as soon as the motor has
gotten up to full speed, the flow of current
through the main switch operating sclenoids
A and C, as well as throuch the resistance gs;
controlling solenoids M, N , P and B, the
master rheostat solenoid S, the brake coil 1,
and the relay D is entirely eliminated. This
not only protects said magnets and prolongs
their utility but results ih a saving of the gg
current. . '
As before stated, the latches K, which hold
the switches @ b ¢ closed are under the control
of tripping magnets T, T, T2, respectively.
Said magnets are in turn under the control of 035
a stop button V and an overload and under-
load coil O. | _
When it is desired to cut off the current
from. the motor to stop the same, this is ac-
complished by pressing the stop button V. 100
A circuit across the line through the relnys
T, T’, T* is thus closed, which cireuit may E;a
traced as follows: from the plus terminal-
through the windings of relays T, T’ , T? con-
tact cizosed by stop %Su tton V, switch b, point 103
1, relay O, point 2, switch ¢ to minus terminal
of the mains. As before described. the ener-
gization of relays T, T’, T* causes their plun-
Fers to operate to release the rollers e of the
atches K from the grooves (3 in the plungets 110
of solenoids A, B, C, permitting said plungers
to fall by gravity and open switches a, b, ¢
thereby cutting off the current from the mo-
tor and restoring the parts to their imitial
position shown in Fig. 1. I3
The starter is also provided with a spe-
cially designed overload and underload e-
vice which consists of the ordinary overload
coll O with two armatures o and o', one at
each end of the relay.- The armature o is 120
calibrated to be drawn up in case of overload.
The armature o’ is arranged to be drawn up
at, say, about five per cent. of full load cur-
rent Iin opposition to a s};)rin,;aw;F 0® which tends
to pull the armatures 0 and o” away. CF25
'The ove{load armatureh. 0 provides for
automatically operating the tripping mag-
nets T, ‘T["’,f]l?}’ inli:ase lggan axcesg%)vggﬂnw gf
current through the armature cireuit, thus

| protecting the motor ftom possible ;] wry 139
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‘magnet K and cause it to-

‘Switches b and ¢ are stil

<

therofrom. In case of such excessive flow
of current, the armature o is drawn up closing
contact ¢°. A circuit is thus closed througl
the tripping magnets, which circuit may be
traced as follows: [rom the positive termi-
nal through switch «, windings of magnets
T, T, T2 contact 0° switch 3, pomt 1, and
rom thence through the coils of relay O to
the negative terminal. The energization of
said tripping magnets operates in the manner
reviously described to open the switches «
» and ¢ and cut ofl the flow of current from
the motor. |
The underload armature o’ is arranged to
be drawn up at say, about five per cent. of
full load current. When the current dies
down below this point or entirely fails the
spring o® retracts the armature o, thereby
ermitting the spring of to close contact of.
n case the current does not entirely fail, the
line itself, upon the closing of contact 0°,
furnishes current for energizing the coil of
tripping magnet T. The circuit through
relay T, in this event, may be traced from
the positive terminal throu
T, point 11, contact o°, point 12, switch b,
pomt 1, and from thence through the coil of
relay O to the negative terminal. In case
the supply of current entirely fails, an ar-
rangement of circuits is provided for utilizing
electromotive force genérated “by the re-
volving armature of the motor, which will
run long enough to furnish the slight amount
of current required to energize the magnet T
to trip the latch E. This circuit may be
traced as follows: from one side of the
armature Y, through point 3, coil of magnet
T, point 11, contact 0%, points 12 and 9, to the
olpposite side of armature Y. The counter-
electromotive force furnishes a current of
sufficient strength to energize the triphping
accomplish its

function, thereby opening the main switch a.
Fi’ closed, and hence

the switch b’ at the top of .
thereby preventing the coils of solenoids A
and C from receiving the allotted current re-
It will
be necessary, therefore, to Jpush the stop
button V, as soon as the source of supply is
again restored, and energize the tripping
magnets 1", T? Dbefore the motor can again
be started. By this provision of an under-
load armature o, if the current supply should
fail, or die down below g predetermined
amount, the motor is full

angsubéecjuent sudden rush of current. =~
% aving thus described my invention, I
claim: * “

1. In a motor starting device, the combi-
nation with a motor having a resistance in-
cluded in the circuit of
electromagnet, & switch operated thereby for
cutting out said resistance , eans independ-
ent of the energization of said electromagnet

gh switch a, relay |

solenoid B is open, |.

protected from

its: armature, of an

921,080

| for locking said switch in its closed position,
means for opening the circuit of said solenoid
and thereby eliminating the consumption of
current by said starting device, when said

tromagnet having a eircuit normally open
_during the closure of said switch, and means
for closing the circuit of said restoring elec-
tromagnet, said electromagnet being adapted
upon 1ts energization to release said switch
from its locked condition.

2. A motor starting device com rising an
electromagnet, a switch operated thereby,
mechanical means for holding said switch In
closed position, means for opening the circuit
of sai(f) magnet upon the closure of said
| switch, a tripping electromagnet for con-
trolling said mechanical means to open -said
switch, and a circuit for said tri ping magnet
having a manually controlled switch and
' also a switching
closed upon an _
crense, or upon a complete failure of the sup-
Ply of current to the motor. -

3. In a motor starting device, the combi-
nation with an electromagnet, of a switel
operated thereby for connecting the motor

| to the mains, mechanical means for locking

sald switch 'in closed position, means for
opening the circuit of said magnet upon the
closure of said switch, and electromagnetic
means for automatically releasing said
l switch upon the failure of the supply of cur-
rent to the motor.
4. In a motor starting device, the combi-
,’ nation with electromagnetic switching mech-

resistance is entirely cut out, a restoring elec-+ 70

7D

80

8BS

mechanism automatically.
abnormal Increase or de-

90

956

1060

anism for starting the motor, of mechanical -

means for holding said switching mechanism
i the running position of the motor, an
| electromagnet adapted by its energization to
| release. said locking means, and means for
automaticaily closing the circuit of said
electromagnet upon the failure of the supply
of current to the motor. | .
5. In an automatic motor starter, the com-
" bination with electromagnetically operated
switching mechanism for controlling the flow
of current to the motor, of a restoring elec-
' tromagnet adapted upon its energization to
restore sald switching mechanism to its ini-
tial position,.and a circuit for said restoring
electromagnet, automatically closed upon
| the failure of the supply of current to the
motor.
- 6. In a motor starting device, the combi-
| nation with electromagnetic switching mech-
' anism for controlling the flow of current to
the-motor, of a restoring electromagnet, and
8 switch automatically o erating to close a
local circuit- through sai restoring magnet
‘ and the motor armature upon the failure of

‘the supply of current to
said magnet
revolving armature and restores the switch-

| ing mechanism to its initial position.

the motor, whereby -
is energized by the inertia of the

105
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7. In a motor starting device, the combi-
nation with an electromagnét and a switch-
operated thereby to control the flow of cur-
rent to the motor, of mechanical means for
locking said switch in the running position of
the motor, a restoring electromagnet adapted
ization to release said switch,

upon its ener '

and a circuit for said restoring electromagnet
automatically closed upon the failure of the
su];B)pl{nof current to the motor. '

a motor starting device, the combi- |

nation with an electromagnet and a switch
operated thereby to control the flow of cur-
rent to the motor armature, of mechanical
means for locking said switch in the running
position of the motor, énd a magnet ener-
gized by the inertia of the revolving motor

armature upon the failure of the su ply cur- l

rent to the motor, whereby said locking
means is released and the apparatus restored |
to its initial position.

9. The combination with a motor having
resistance included in the circuit
of its armature, of a starting device compris-
ing & manually operated starting switch,
electromagnetic switching
by the closing of said starting switch to con-
nect the motor to the main hne, electromag-
netic switching means for cutting out -said
starting resistance, mechanical means for
locking said electromagnetic switches in the

running position of the motor, and restoring

electromagnets adapted upon their energiza- |

tion to release said switches, said restoring
electromagnets having normally open cir-
cults.

10. The combination with a motor having
a starting resistance in its armature circuit,
of a motor starting device comprising & plu--
rality of solenoids, switches controlled by
said solenoids for successively cutting out

steps of said resistance, a relay in series with |

the armature circuit and controlled by the

fluctuations in the motor current for con- |

trolling the admission of current to said

‘mearns operated !

i

by

solenoids, and a switch opened by the last

acting solenoid for eliminating the consump- |

tion of current by said starting device after

the operation thereof.

» S ]

11. The combination with a miotor having

a starting resigtance in its armature circuit,

of a plurality of 'solenoids, switchies con- |

o

| trolled by said solenoids for closing the cir-

cuit of the motor armature and for succes-
sively cutting out steps of said resistance,
means for opening the circuits of said solen-
oid upon their operation to close sald
switches, mechanical means for locking said
solenoid switches in closed position, and
electromagnetic means both automatically

| controlled and under the control of the op-
| erator for releasing said locking means.

12. In a motor starting device, the corpbi-
nation with a motor having a starting re-
sistance in its armature circult, of a plurality
of resistance solenoids, switches controlled
by said solenoids for cutting out steps of
said resistance, a master rheostat solenoid, a
lever actuated thereby for successively clos-
in% the circuit of said resistance solenoids,
s brake coil, brake mechanism operated by
said coil for controlling the response of said
lever to said master solenoid, a relay in series
with the armature circuit and controlled by
the Auctuations in- the motor current, said
relay in turn controlling the energization of
said brake coil, mechanical means for hold-
ing the last operating solenoid switch 1n

closed position, whereby. ]

h the entire startmﬁ
resistance i cut out, and a switch adapte
to be opened by the

last acting solenoid and
thereby prevent the consumption of current
the starting device after said starting re-
sistance is cut out, substantially as described.

13. In a motor starting-device, the combi-
nation with electromagnetic switches for
contiolling the flow of current to the motor,
of mechanical meansforlocking said switches
in the running position of the motor, restor-
ing magnets adapted when energized to re-
Jease said switches, a relay in the motor cir-
cuit having an underload and an overload
armature operating upon an abnormally

weak and abnormally strong current, re-

spectively, to close the circuit of one or more

of said restoring magnets. _
In witness whereof, 1 hereunto subscribe
my name this 23 day of September A. D,

1905. .
WILLIAM F. HENDRY.

Witnesses:
N. F. ALBRIGHT,
J. W. BAUCKER.
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