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To all whom it may concern:

‘Be it known that we, Davip R. Knapp and’
Howarp E. CapE, citizens of the United

States, residing, respectively, at Philadel-
hia, in the county of Philadelphia, and at
encoyd, in the county of Montgomery, both

" in the State of Pennsylvania, have invented

10

“means for starting
‘power has been supplied to the same thmuih
& resistance and means for cutting out the
said resistance in steps a8 the motor Increases

A5

20

a5 case the load-current became excessive

.,,39

certain new and useful Improvements n
Electric-Motor-Starting Devices, of which
the following is a specification. o

Our invention relates to improvements in

electric-motor-starting. devices; and our ob-.

..... ~ -

provide an automatic

jects are, first, to, . _
an electric motor after

in speed; second, to'provide means to allow
a safe amount of current to flow to the motor

upon starting from rest in case the load on
~ the motor would otherwise cause excessive

current-flow with detrimentsal results;.third,
to provide automatic means for opening-the
motor-circuit when thé motor is running in

enough to be detrimental, and -automatic
means for closing the same and allowing only

a desired amount of current to flow to the.
- motor in order to maintain its static torque,

and means provided to allow the motor to

~ start after the load has been so reduced as
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not to cause an excessive amount of current.
‘to flow through same. We attain these ob-
jects by

the mechanismi illustrated in the ac-
companying drawing, in which—

- Figure 1 1s a view showing diagrammatic-
ally %he connections and mechanism.

--v_imilar Jetters refer to similar . parts
through the view. S |
A 18 the motor, which 1s desired to’ be

started and ¢ontrolled. -

. . B, B/, B"”, and B’” are magnet-cores ener-

45 by their au:
' D’, and D!; respectively. The cores

., "

. _%‘ized; respectively, by the windings C, C’,

fﬁ!’ &Ild -I " "The wmdmgS C, 0’1 ﬂ,Ild C”
are assisted by their auxiliary windinés%),

1
*

d co ‘ . These con-
tacts _en%&geﬁith.contacts 1J, 1’ J, I J7,
and I/ J’”7. . The weights of the above-men-
tioned insulated confacts can be varied, and

the distance of the pull of the cores'can be

1

ngs

}

- A A is an arm. attached
S and carries ‘afi insulated termmal Z. The.

| which engages with the spring or flexible 001;1—'

tact G, ~

H, H’, H”, and H"” are leads connecting,

respectively, one side of magnet-windings C,
‘¢, ¢, and C"” to line K. L L/ L/ are leads

connecting to the other side of the respective
windings C, C’, and C” to.line LL. Lead

L/ eonnects ine M to the other side of wind-

ing C’”, that is connected by line H'", pre-
viously mentioned. Lead Q connects line M
to the insulated contact K. - 3

O, O/, and O are leads connecting one
side of the respective windings D, D, and D"’

55
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to theead N, the other side of the windings

D, D/, and D’ being respectively conrnected

to contacts I, 17, and 1*. - . .
P, P/, P”, and P’/ are leads connecting the
different sections of resistance R to the re-

spective contacts J, J’, J”’, and J’” the wind-

. '’ through the
i'?f%ec%xe contacts I K J, I’ KB J’, and

D, D/, and D’ being completed from the -
'line M to the line P, P’, and

75

Lead P’ is connected to contact

J’" and one end of the resistance R. Line N

is connected to the contact I’ and to the
line P’’’ through the contacts 1’ K" J*”.

S is a magnet-core energized by
ing T, which is in series with the motor.

Lead U connects one side of winding T to-one
side of the line through switch C C. Line V'
connects other side of winding T to one side

of the motor. Lead W is connected to other

side of:aforesaid switeh C C and i8 connected:
to lead N and one side of the resistance R.

Lead D D is connected to the other side of
the aforesaid mentioned resistance R and to

the opposite side of the motor than hne V s

connected to. . o
to the magnet-core

terminal Z carries the ‘spring-contact B. B,

which engages with the contact Y.- Lissad K
is connected to the line D D or the same-side

3o

he *Wind-.- )

go
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of the motor that D D connects to. - Line M

{ is conmnected to termunal Y. Line X con-
_ ' | nects- to the terminal Z and to the same side
B, and B’/ carry, respectively, the .insu-- |
lated contacts E, K, and K.

of motor asline Y connects to.

The terminals Z .and Y engage each other

through the spring-contact B B. The wind-

ing D 1s wound so as to produce the same di-

rection of magneto-motive force as winding

C, D’ the same as (/, and D’ the same as C74.

varied. On the upper end of the core B”” | The ma%'net-.windin T is in series with the

there is attached the insulated contact F, | motor,

so the win

8

ings D, D/, and D" when .

10§ °
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thelr respective sections of resistance is cut in
the line, the windings D, D', and D'’ funec-
tion being merely to assist the windings C, (7,
and C’ and not strong enough to hold their
respective cores,up. The magnet-winding T
is 50 designed that a predetermined amount
of overload current will raise the plunger or
core S sufficiently high to open the contact

- BBonY, which will open the magnet-circuit

10

M K. The inductive spark at B B will be
blown out, due to the. magnetlc flux of the

¢ore S. U on the lifting of the core B”’ the
contact G IlIJOTl I will be broken, which will

- open the circuit upon magnet- mndmgs C, (4

L5

and C’. This imnductive c;pa,rk will also be

- blown out, due to the magnetic flux from the

20

z: 5
- distance of ‘the travel of the plunger, thereby

M K will be from zero to nearly one hundred |

30
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core B, The weighted contacts K, E. K",

and I are all of cdifferent Welghtq Tt is
obvious then that the amount of magnetism
that is just: required to pick up the core O
will not pick up core ' and that amount
which 1s just requared to pick up O will not
pick up core 0", &c.
produced by va,ry
windings C, ¢/, C”; and ¢’ or by varying the

increasing their gap. The voltage of the lme

per cent. of the line voltage, or depending on
the smount of resistance cut out of the cir-

‘cuit and the back electromeotive force of mo-
tor A. The windings C, U/, C”, and C'Y -are.
each of high encmgh resistance to safely be
connected across the line voltage; but mag-

net-winding C is so designed to pmk up core
B when, say, ten per cent. of number of vol-
tage. has been applied; magnet-winding
designed to pick up B’ when say, forty per

. cént. of number of volt age has been applied.

40

Magnet-winding C" is so designed to pick up

- core B’ when, say, sixty-five per ¢ent. of

~core B"" when, say, eighty per cent. of the

' j45

B tha,t the switch C C is clozed, thereby supply-
ing power to the circuit, current, will “then:
flow to. line U, m&g’npt-wm ding T lead V,
iead D D, resistance I 11{ -
b
will be assumed that the full-load current of

50
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" ance is one-half ohm.

number of m]tage has been applied, and

magnet-winding O is so designed to plck up

numbel of ‘V{}ltage has been applied.”
"The method of operation is thus: Suppt}se

through motor A;
fead W and out on. opposite side of line.

the mﬁtﬁr A is tharty y amperes and 1ts resist-

E.J and

The same effect can be -
ing the ampere-turns of the |

1 manier of Startmg

(7 and its corresponding parts.
it is obvious then that
there will he & drop in voltage of fifteen volts |
on the motor A, due to the ohwmic Tesistaice, -
‘which will c&use the . aforesaid voltage of- ﬁf-
~ teen to exist in the Iine M. K. - This voltage ;
will be sufficient to causé enough current to
flow through magnet-winding C to pick up its

~ core B, thereby closing contact IP
*shuntmg part-of the resistance R. This will |
immediately cause & greater amount of cur-
- rent. to flow and also increase the. voltage of

850,185

not be suflicient to pick up core B’; but as the
motor speeds up and develops its additional
back electromotive force the voltage of line
M K will obviously inerease the same > amount.
This additional electromotive force of the

motor -at this speed will cause sufficlent cur--

rent, to flow in magnet-winding  to pick up
the core B, thereby closing the wntacte I" K

J' and mttmﬂ' out a further section of re.smt-
ance. A similar cycle of operation will take

place in magnet-winding C” and its corre-
The wmdmgs D, D' and D"
divide their current and merely assist respec-

sponding pa,rts

tive windings C, ¢/, and ¢”’. When the elec-

tromotive force Wlll have increased to such’

an extent as to cause enough current in mag-
net~-winding C’”7 to pick up core B, the fol-
lowing results will take place: The contacts

T R J'" 'will be closed, thereby shunting

the last sectmn ol remsta,nce which Wlll

‘mean all of the resistance cut Uut of the hne

The contacts G and F will disengage, causing
the circuit of magnetic windings C, /, and

70
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C” to open and allow the cores B, B" and B

to return to the mnormal . startmfr pOSlthIl
The maghet-winding ¢’ will have the full

-go.

potential of motor A and will hold up, and

the circuit will be as follows: Lead U, mag-.

net-winding T, lead V, motor A, lead D D,
lead I, cﬁnmcts Jrr R | A lead N, lead
W, and out on the opposite side of the line,
the aforesaid movements thiis accomphshmw
the first aforesaid objects of our Invention.

95

In case the load on the motor was sufficient. -

O cause 'a detrimental amount of current to

starting the same as aforesaid first object.

1Q0
- flow upon starting, the circuit would be upon

The voltage of line M K would be that which -~

i 1s caused by the ohmie drop of the motor A,
as previously stated, which would be suffi-.

cient to cause enouﬂ'h current to flow in mag-

- net-winding C to pmk ‘up core B, thereby

closing: contacts I’ E J and cuttmg out or

shunting' that section of resistance, which
1 will immediately cause an increased amount.
of current and mecreased amount of voltage -

along the hne M K. If the load on the mo-

3-05
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tor A is excessive, it will not respond in the -

‘The. stated mcre&sed
voltage of the line M K, due ‘to the ohmic re-
sistance of the motor &nd the increased cur-.
rent, will not be sufficient to opérate winding
Therefore
the amount of current is limited to that whigh
is‘allowed to flow after the first'section of re-
sistance is cut cut and the motor will attein
the corresponding tor ue, due to that.amount
of current so long as th e Toad on the motoris
excessive enough to not allow it to, start,
thereby accomplishing the aforesaid second
object of our invention.

Assuming that the motor is runnmg under
load and a sudden overload is applled ‘the -
said overload bein

65 the. lme M K. This. Inerease in voltage - will ; nmemal amount of current to flow, the wmd—

--------

L1g
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sufficient to cause a:det- . .
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ing T, being in series with the motor-circuit, | across the aforesaid variable-voltage distri-

will receive also the additional current, which

" a predetermined amount will cause the core

ri

10

S to raise, thereby causing the contacts B B.
and Y to disengage, causing the circuit on
winding C"’ to open, which will allow the
core B’ to drop to its normal or starting po-
sition, which immediately inserts in all the
resistance R, which reduces the current to a
safe amount. This reduction of the current

will not be sufficient to hold up the core 5 so

as to keep contacts B-B and Y disengaged,
butwill allow 1t to drop to its normal position,
thereby closing the contacts B B and Y and
causing a small voltage to exist in the line

M K due to the chmic resistance of the motor

A, which will cause enough current to flow 1n

L0

3¢
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magnet-winding C to pick up the core B.

If

the load has been decreased to a safe amount,

the magnets will operate, as are hereinbefore-
“described first - mentioned object.. If the
aforesaid overload s still existing on the
motor, the magnets will operate as described

in our hereinbefore second object, thereby
accomplishing the third herembefore-men-
tioned object of our invention. o
The following-described apparatus is sult-
ably mounted on an appropriate panel, and
upon its being properly proportioned and

connected throughout including the switch |

indicated on the drawing, all of which will be
readily understood by those skilled in the ar

to which this invention relates. .
_ Having thus described the nature and ob-

jects of our said invention, what we claim as-

new, and desire to secure by Letters Patent,

40

ta
~ab
energized by the aforesaid variable-voltage.

- magnet carrying the meansto open the afore-
-sald
‘upon a predetermined movement of said core,
-all substantially as and for the purpose shown -
- and described. | N |

i$— . _ | ..
1. In the combination of an electric motor
and starting resistance, leads connected to
the positive and negative side of the said elec-

tric motor, said leads forming a variable-vol-

%e circeuit, electromagnets each with vari-
e welght-cores, said electromagnets being

distribution-circuit, and electromagnet hav-
ing its windings in series with aforesaid elec-
tric. motor, the core of the aforesaid electro-

variable - voltage distribution - circuit

1 ]

2. In s sta,rt].'ng—pa;_nel of the character de-
scribed in combination with an electric mo-

tor.and a starting resistance, leads connected-

" to the positive and negative side of the said

6o

electric motor, said leads forming & variable-

voltage circuit, an electromagnet having its-
- “winding .1n series with the aforesaid. elacttic
‘motor, the core of the aforesaid electromag-

net carrying means to open the aforesaid

. yvariable-voltage distribution-circdit upon a

predetermined movement of said core, electro-

magnets each hdving -a shunt. and serjes
winding, said each shunt-winding connected

bution-circuit, said series winding being con-
nected in shunt to a respective section of the
aforesaid resistance through contacts, said
contacts engaging upon. the movement of the
respective cores, all substantially as and for
the purpose shown and described. |

» v

3. In a starting-panel of the character de-

scribed in combination with an electric mo-

tor-and its starting resistance, leads connect-
ed to the positive and negative side of the
aforesaid e{}ectric motor, said leads forming a
variable-voltage  circuit, an electromagnet
having its winding in-series with the afore-
said electric motor, thé core of the aforesaid
electromagnet carrying means.to open the
aforesaid variable—vﬁﬁsage distribution-cir-
cuit upon a predetermined movement of said
core, an electromagnet having a shunt-wind-
ing and electromagnets having

being connected across the variable-voltage

S

_ each a shunt
~and series winding, said each shunt-winding

79
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distribution-circult, said each series windinﬁ |

of the magnets having each a shunt an

series winding being connected in shunt to a

QO

respective section of the aforesaid resistance

‘through contacts, said contacts engaging

uH on the movement of the respective cores,
of

substantially as and for the purpose shown .

and described. | -
4. In a starting-panel of the character de-
scribed, in:combination with an electric mo-
tor and a starting resistance, leads connected
to the positive and negative side of said elec-
tric motor, said leads forming a variable-

‘voltage circuit, an electromagnet having 1ts

winding in series with the aforesaid electric

| motor, the core of the aforesaid electromag-
net carrying means to open the aforesaid

variable-voltage distribution-circuit upon =
predetermined movement of said core, elec-

tromagnets each having a shunt-winding,

said shunt-winding being energized from the

aforesaid variable-voltage distribution-cir-
“cuit, one of the said cores of the aforesaid
shunt-magnets carrymg means to open the

aforesaid shunt-windings, with the excep-
tion of its own, said opening of the shunt-

95
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windings taking place upon the movement of .

said core, all substantially as and for the

purpose shown and described.

5. In a starting-panel of the character de-

scribed the combination of an electric mo-

tor and starting resistance, leads connected

to positive and nefgative- side of said electric
motor, sald leads

having . . .
having each a shunt and series winding, said

each shunt-winding being eonnected across-
the aforesaid variable-voltage: distribution-
circuit, said \electromagnets. each' heving
variable-weight cores, said cores of the elec-

%a;‘ving each a shunt and series

tromagnets

| winding, each:carrying means for short-oir-

1010; _ orming & variable-voltage .
circuit, a combination of electromagnets
a shunt-winding, and electromagnets

120

130




:shown and described. ° - ]
7. In:a starting-panel-of the:character de-

40
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windings and suitable contacts, the core of

the aforesaid shunt-winding magnet carry-

|

seribed with:a combination of-an.electricmo-

tor.and:a:gtarting:resistance Jeads connected
‘to the positive and negative.side:of said elec-

850,168

~cuiting a portion of the aforesaid resistance, | substantially as and for the purpose shown
through each of the above-mentioned series

and described. |
8. In a starting-panel of the character .de-

“scribed in combination with an electric moter

9. The-combination with-a motor having
an armature, 6f a -resistance, supply-mains-
and a.controller ‘for cutting, out.the said re-
-sistanee’ step .by -step eomprising -a series of
.electromagnets one of-the said. magnets hav-

5 ing means to short+cirquit its respective sec- | and a starting resistance, leads connected to 7o
tion of resistance uponits movementthrough | the positive and negative side of the said elec-
~suitable contacts, and carry means to open | tric motor, said leads forming a variable-
each. of the shunt-windings, on each of the | voltdge-circuit, an electromagnet having its
- aforesaid magnets, having each a shunt-and | winding in series with-the aforesaid electric
1o series winding, all substantially as and for | motor, the core of the aforesaid electromag- 75
the purpose shown:and described. - - |'net provided Wwith means to open the vari~
- 6. In a starting-panel of the character de- | able voltage distribution-circuit upon a pre-
scribéd in combination with -an electric ‘mo- | determined movement of said .core, electro-
tor and starting resistance, leads:connected | magnets connected across the aforesaid vari- |
15 ‘to positive and negative side of said-electric ‘able-voltage distribution-circuit, said electro- 8o
‘motor, said leads forming:a variable-voltage | magnets provided with electrical and me- |
circuit, electromagnets -having .eachi a shunt- | chanical means to cause the said cores to ap-
- - winding, said-each shunt-winding being-con- |-erate singly and consecutively as the voltage
-nected across :the :aforesaid variable-voltage | is increased from zero to one hundred per
20 - distribution-circuit, said electromagnets each eent. of the voltage of the-variable-voltage 8g
“ having variable-weight- cores, said cores car- | distribution-circuit, the windings of the afore-
- Tyang means for-short-circuitinga portion of | said -electromagnets ~eonnected across the
H:le ‘aforesaid -Tesistance through suitable | aforesaid varia le-voltage distribution-cir-
. contacts upon ‘& movement of each of the |.cuit each core carrying means for short-cir-
- 25 aforesaid cores, one:of the said:cores-carrying | cuiting a respective section of the aforesaid 9o
~‘means to open-the aforesaid shunt-windings | resistance through suitable contacts, upon.
‘with:the exception .of its own, sald opening | the movement of each of the aforesaid cores, .
of the shunt-windings 'taking :place on the | one of the said cores carrying means to open
- movement of -said“core, an -electromagnet |-the aforesaid magnet-windings connected
30 having 1ts winding in series with :the afore- | across the variable-voltage distribution-cir- gE
~ -sard‘electric motor,ithe.core of .the aforesaid-|:cuit, ‘with the-exception of its own winding,
- - electromagnet carrying :ameans ‘to openthe | said opening of the magnet-windings taking -
aforesaid variable-voltage :distribution-cir- | place upon the movement of the said core, all -
' -cuit-upon a:predetermined movement of said | substantially as and for the purpose shown
'35 -core, all substantially:as:and for theipurpose | and described. ~ - 3¢

j

‘tric motor, said:leads forming a variable«vol-
tage circuit, & combination of electromagnets.
'having. a:shunt-winding:and électromagnets
- 'having each:a-ghunt:and-series-winding; said
45 each -shunt-winding being :connected across |
. -the. aforesaid variable -voltage - distribution-
-eircuit, said.electromagnets-each having va-

- riable-weiiht-‘cores , sald:eores: of itheselectro-

ing-a:shunt-winding, the .remainder having
-each a shunt .and series winding, said series
‘winding being connected in shunt to.arespec-
t1ve section: of.the aforesaid resistance upon
‘the operation of .the core of the said magnets 1
‘having each a shunt .and series .winding,
‘through contacts, said shunt-windings being
connected across a-cireuit, the said circuit be-

cuiting a section: of the -aforesaid resistance

through- each: of the aforesaidimentioned sé-

- ries windings:and suitablecontacts, ithe core

.55

- of the aforesaid shunt-winding magnet carry-
Ing means to short-cireuit:its respective, sec-
“tion of resistanee. ‘upon’-its movement,.

- ‘through-suitable. contacts, and carry means

the. aforesaid:motor, the: core. of the aforesaid -

electromagnet provided with:means-{e apen

-the-aforesaid: cireuit-which is in.parallel . with
‘the -armature upon a predetermined move-
.ment of said core, all substantially as.and for -
‘the purpose shown and described. -~
{,10. The combination with a.motor having

. magnets ;having .each -a :shunt -and .series | ingin parallelwith the said armature; ah elec-
50 winding, each carrying:means:for. shortscir- |:tromagnet-having its.winding in -series with 1

to openeach of the shunt=windings on each of

_ :the aforesaid magnets having each a.shunt

- 60 and serieswinding, an electromagnet:having
- .1ts-windings in‘series-with:the. aforesaid elec-
~tric motor, the core: of the aforesaid:elec¢tro-

an.armature, of a-resistance, supply-mains
and:a controller:for-cutting:out said resist-.
‘ance step by step, coniprising a series of elec- .
| tromagnets, one -of .the -said electromagnets
. having a -shunt-winding ‘the.remainder.hav-
- magnet carrying:means to open the aferesaid |:ing each a-shunt-and series. winding, said.se-
_ “variable-voltage distribution-circuit upon a |ries winding being connected:in shunt to.a
65 predetermined ‘movement of said core, all | respective section of the aforesald resistance -

”,
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upon the operation of the core of the said | eircuit in parallel with the armature upon &
magnets having each a shunt and series wind- predetermined movement of said core, all 15
ing through contacts, said shunt-windings be- substantially as and for the purpose shown
- .ng conneoted across a circuit, the said circuit | and described. . |
g belng-1n parallel with the sald armature, one In testimony whereof we have signed our
of the aforesaid - electromagnets having  a | respective names to this specification 1n the
¢ore, said core provided with means to open | presence of two subscribing witnesses.

the aforesaid shunt-wound coils, with the ex- DAVID R. KNAPP.

ception of its own, upon & predetermined . . _

ro movement of said coiz'e, an electromagnet hav- o HOWARD E CADE' -.
ing its winding 1n sories with the aforesaid |  Witnesses:
motor, the core of the said electromagnet ALFrRED B. BOTFIELD,

provided with means to open the aforesaid HerBeERT M. WALTER.
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