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To all whom it may concern.: »

Be it known that I, CyriL A. Soaxs, a
citizen of the United States, and a resident
of Chicago, in the county of Cook and State
of Illinois, have made and invented certain

‘new and useful Improvements in Electrical

Starting Systems for Internal-Combustion
Engines, of .which the following is a speci-
fieation. - -~ - -

My invention relates to starting systems
or devices for starting an internal combus-

‘tion engine from a condition of rest, and

particularly to that type or class of start-

“ing device in which the engine is operated

at starting by means of an electric motor.
which receives current from a storage bat-
tery, and which battery is in turn charged
from & generator or dynamo operated by the
engine after it has been started. My im-
proved starting device or system is designerd
with reference to use with -and to form a
part.of the power system of a motor vehicle,
and the object thereof is to provide such im-
provements in and relating to starting de-
vices as ave hereinafter more specifically
and at length referred to and described.
The drawings accompanying and forming
a part of this application illustrate the pre-
ferred - embodiment of my invention, al-
though it +will be understood that the same
includes such variations and modifications
of the particular embodiment illustrated as
will be obvious to those skilled in the art to

“which my invention relates.
35-.

In the drawing: »

Figure 1.is a view illustrating my im-
proved starting device dingrammatically
and arranged for operation as a motor;

Fig. 2 is a similar view showing the device
arranged for operation as a generator; and
slightly modified with reference to the con-

_nection of one of the shunt coils.

TFig. 8 is a view illustrating the motor-

- generator of my device and the driving con-
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nections between the same and the engine.
Referring to the drawing, thereferencenu-
meral 5 designates the fly-wheel of an inter-

‘nal combustion engine which is to be started
by my improved starting device, the same

having a series of gear teeth upon its periph-
ery, and 6 designates a pinion normally out

“of engagement with the teeth upon the fly-

‘wheel but which pinion may be moved into

‘engagement with said.teeth by means of any
suitable operating mechanism such, for ex- -
ample, as the lever or pedal 7. The pinion

¢ is driven by a gear 8 through an interme-
diate cluteh which, while acting to trans-
mit motion to the pinion, allows the pinion
to move ahead of and votate faster than the
gear when the engine starts under its own
power. The pinion 6 and gear 8 slide upon
a suitable shaft or support 9 as the lever 7
1s operated, as will be understood.

My improved starting device includes a
combined motor and generator, or dynamo,
shown conventionally in Fig. 8 and the mo-
tor and generator armature windings or
coils of which combined devices are located
upon a single rotatable armature shown at
10. The reference numeral 11 designates the
yoke, and 12 two of the poles of the field
magnet of the combined motor and genera-
tor, from which it will be appreciated that
the motor and generator armature windings

will move in a magnetic field irrespective of -

whether the deviee is operating as a motor
or as a generator, and that an electro-mo-
tive force will be generated in both the mo-
tor and generator armature windings when-

ever the armature 10 rotates in said field.

The motor and generator windings may. be
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arranged in any way so long as a device is -

-produced which will operate either as a gen-
erator or.as a motor, and said coils are suit-
ably connected with separaté motor and gen-
erator commutators 13, 14.. The armature
10 is carried by a shaft 15 supported in
suitable bearings not- shown, which. shaft is
driven from the internal combustion:. en-

~gineafter the same has been started through'

a shaft 16 and cluteh 17 which permits the
armature to rotate independent of the shaft
16 when the combined motor and generator
is operating as a motor in starting the en-
gine, The shaft 15 is provided with a pin-
jon 18 with which the gear 8 is made to.en-
gage by the lever 7, to thus connect the dy-
namo with the engine as will be understood:
The field magnet of the dynamo is provided
with two separate windings or coils. one of
coarse wire shown at 19 for use when the de-
vice is used as a motor and which coil is
commonly connected in series with the mo-

tor winding upon the armature, while the

second coil 20 is of fine wire and is connect-
ed in shunt with the generator winding of
the armature and is adapted for use when
the dynamo is. used as a generator.
Referring now to the diagram, Fig. 1,
the reference numerals 21, 22 represent in a
conventional manner the motor and gencra-
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tor ayrmatures of the combined motor and
generator, and the starting device as a whole

15 shown as arranged to operate as a motor.

The motor circuit 23 is closed by a two-
point switeh 24, andithe dynamo is operated
by current from. a storage battery 25. At

this time the extermal circuit 26 of the gen-

erator portion of the dynamo is broken at
the contacts of a battery cut-out switch 27
to be hereinafter described, and at the switeh
245 while the switch 31 of a combined volt-

“age regulator and resistance short circuiting:

means-opens a shunt avound the resistance

" 34 and inserts this resistance in a shunt field

coil 20 of the generator portion, and which
coll serves to magnetize the field magnets of
the dynamo when the same is used as a gen-
erator, all as more fully set forth below.
This will break the shunt about a resistance
3+ and thus weaken the current in the field
circuit in which the latter is serially con-
It will therefore be obvious that the

ated as a motor to start the engine, and that
no flow of current can occur either in the
external eireuit above rveferred to of the gen-
erator portion of said device, nor any consid-
erable current through the main shunt circuit
thereof; althou,:h it will be appreciated that
an electro-motive force is necessarily being
generated in the armature winding of the
generator portion because of the fact that
it is.rotating in the motor field. A slight
flow of current will, however, occur in the
arrangement shown in this figure, through
the shunt coil 20, the high resistance coil
34 to be hereinafter described, and the coil
35 of tlie voltage regulator 29, because of

_the fact that these coils are connected in

series with one another across the external

“cirenit 26. This flow, however, is so small as A
to be negligible, and is, moreover, incidental

to the use of the coil 35 and is dependent
upon the manner in which tlie coil 35 is
connected in the system. Thus, in the ar-
rangement shown in Ifig. 2, no flow of cur-
rent oceurs throngh the coil 20 when the
switch 81 opens a shunt around resistance
34 and inserts this resistance in the sliunt
field and the dynamo being used as a motor,
althongh at such times a small flow will
occur through the coil 35 of the voltage
regulator as the same is shown as connected
directly across the external civeuit 26, in
the sclieme illustrated in this last-mentioned
figure. : . :
Referring now to the diagram, Fig. 2, the
various parts of my improved starting de-
vice are shown ag arranged so that the com-
bined motor and generator will operate as
a generator (drivenfrom the engine through
the clutch 17 as above explained) to charge
the storage battery 25, the switch 24 having
been moved into a position to break the
motor eircuit 23 and close the external gen-

v

erator circuit 26. - The main shunt circuit 28
in which the shunt coil 20 is included will be

closed at the terminals of the combined:
‘voltage regulater and shunt coil cut-out 29,

and current will flow: through the exterior
generator circuit 26, the battery cut-out 27
and a common portion 23" of the motor cir-
cuit, to thus charge the battery. .

My improved starting device, as above
stated, is designed with special reference for
use for starting the engine cf a motor-pro-
pelled vehicle, and, as the combined motor
and geherator are driven from the engine.
it will be obvious that the speed at which
the same is driven will vary within wide
limits according to the speed of the engine.

" The motor-generator must therefore be so

constructed and arranged as to generate suf-
ficient electro-motive force, when operating-
as a generator, to charge the battery at
speeds of rotation of the dynamo armature
varying between wide limits, according to
the speed at which the vehicle is being pro-
pelled by the engine, which electro-motive
force should be constant or substantially
constant. _

The means provided for reeulating the
electro-motive. force generated by the com-
bined motor and generator when the same
1s operating as a generator comprises the
voltage regulator 29 hereinbefore referred
to and which is designed and arranged to
cause switch 31 to open a shunt aronnd the

-resistance 3% and insert this resistance in

the shunt .field whenever the said electro-
motive force exceeds a predetermined maxi-

mum; which maximum,. it will be appre-
ciated, is much below the electro-motive .

force -which might be generated by the dy-

‘namo  when' operating as a -generator; for

such maximum electro-motive force must be
generated when the vehicle is being pro-
pelled slowly, and-may not be exceeded when
the vehicle 1s being propelled rapidly. This
action will reduce the current flowing
through the shunt coil 20 to a negligible
amount; althouoh it will be appreciated that-
in the system illustrated in both Tigs. 1 and
2 a slight current will flow through the high
resistance coil 34 when the dynamo is used
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as a generator, even though- the said civenit -

is broken at the terminals of the voltage
regulator 29; because of the fact that the
coil 34 is connected in shunt across the ter-
minals of the voltage regulator. It will be
appreciated. however, that this stight flow
is incidental to the use of the coil 35, which
coil, as will hereinafter appear, is not an
indispensable element of my improved start-
ing system, and may be dispensed with. The
rednction of current flowing through the
shunt eoil. 20 will be accompanied by a re-
duction of the magnetization of the field
magnets of the dynamo, although said mag-
nets will in practice not he entirely demag-
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netized' because of mag’netlc hysteresis in

the cores of the magnets, even though the
flow of current through the coil 1n questlon
be reduced to a negligible quantity.

The voltage regulator in question is shown
as comprising a coil 30- arraviged in shum
with reference to the e};ternfil circuit 26 of

‘the generator and which coil is arranged to
‘act upon ‘a vibrating spring-retracted arma-

ture 31 which carries one of the two co-

“operating terminals which make and break

the main-line of ‘the circuit in which the

“shunt coil 20 is included as said armature

vibrates, in the samé way as in an ordinary

relay. The coil 30 is preferably placed upon

a suitable iron core 32 to thereby form an

-~ although it will be understood that the coil
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In“tV bg used as a solenoid \Vlthout ‘4 core;
as 1n .either-case the coil forms, in connec-
tion with. the armature 81, an -electro-
magnetically operated - device adapted. to
bre‘lk the main hne of the circuit in Whlch

the shunt coil 20 is included and thus in-.
terrupt. or greatly decrease the flow throu(rh

said coil.

Tt therefore follows that switch 31 opens
the shunt around: resistance 84, inserting
this resistance in the shunt “feld whenever
and as often as the electro-motive. force gen-
erated bythe dynamo when used as'a ‘gen-
erator rises above a predetermined max-
“This ‘action will be accompanied by
a substantial ‘reduction of the magnetlzfl-
tion ‘of the.field magnets of the generator,
and, consequently, by a reduction of the

A e]ectro motive force generated thereby to a

point below. the constant electro-motive force
to bé maintained by the voltage reO‘ulator
Thus the- electro-motive force gener ‘lted is
kept from rising above a p\redetermlned max-

“imum and a'substantially constant voltage is
maintained; and it may be ‘vemarked that.
when the dynamo is in'nse.as a generator the

armature.31 of the voltage regulator vibrates

. at high speed, thus mqkmg and breaking the
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-¢ircuit in which it is included many tlmes

per second: . The voltage regulator will in

practice be made ‘ld]u%twble as by varying

the -tension "of -a spring acting upen: the

spring-retracted armature thereof, so that
the magnitude of the conqtqnt.volt‘me main- -

tained by.it may be varied.
The reference numeral 84 designates an
auxiliary shunt coil of high Tesistance con-

nected across the switch 31 and the auxiliary

shunt-coil 83 of high resistance is connected
1n parallel with. the coil 20.
These coils, however, are not 1ndlspen8f1ble

_to the operation: of my device and may be

dispensed with. if .the. sparking at. the ter-

minals in’ question is found to be not ob-

~ jectionable “or injurious to. ‘a prohibitive

65

extent.

armaturs
“greater and common]y several times the con-
“stant electro-motive force maintained by the

electro-magnet which is magnetized by the .voltageregulator.

coil and in- turn attracts the armature 31,

Assuming that the starting device is oper-
ating as & motor as shown in Fi ig. 1, and
1emunbﬂ1mg that the Lum‘ltule winding of
the combined motor and generator which is

used when the device oper atﬂs as.a generator

is rotating in the.motor field (and usually
at excessive speed as the dynamo ‘umutum
is commonly driven as a motor at a much

agv &

- higher speed when the’ engine is being-

smlteu than it is driven as 2 genu’adox from
the engine in charging the storage battery)

it will be appleciated that an electro-mo’ ive

force will be generated in-the generator
vmdmo of. the- dynamo much

If now the coil 35, which

“is an important: feature of my 1nvent10n,

were not, present, 1t will be appreciated that
the spring-retracted : armature 31:of the
‘VO]_’CZ}Oe regulator would close the main shunt
circuit ¢
cluded at the terminals of the voltage regu-
lator; but no current wouldflow thIOUO‘h
either the shimt coil 20 of the generator por-
tion of the dynamo, the e\ternal circuit 26

_thereof, or the coil 30 of the voltage regu--
lator, as all' of ‘these circuits are open be- .

cause of the position of the switch 24.- .If

~under such conditions the: swltch 24 - were

moved from the- position shown in Fig: 1
into the position shown in ‘Fig. 2 to con-
vert. the dynamo from a motor. to a’ gen-
erator, the high electro-motive force gen-
erated in the geneérator annature wmdlng
would ~cause an excessive current .to flow
through the shunt coil .20 and through the
coil 30 ot the voltage regulator, thus Drealk-
ing the shunt circait 28 “at the termnmls of
the voltage regulator. The current flowing
through the shunt circuit'at this time would "
be much greater and perhaps several times

the current which normally. flows  therein,

and the result would be that excessive spark-
ing or arcing would occur at the terminals

of “the voltage regulator each time -the-

dynamo was converted from a ‘motor to a
generator. ‘
‘In order to prévent excessive sp‘u‘kma at

»the terminals of the voltage regulator when

the dynamo is converted. from a motor to a
generator 1 provide means for: ‘breaking the.
main shunt circuit 28 in which the shunt coil
20 is'included when the dynamo operates as

a motor, and for keeping said circuit broken

28 1n ‘which. the shunt:coil 20 is in-
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at such times; said means being illustrated -

as comprising an -electro- magnetlcﬂly _oper-
ated device responsive to the excessivé elec-
tro-motive force generated in the generator
armature wmdlno when the motor- -gener ator
operates as a motor, but not responsive to the -

electro - motive foree generated when the

same operates as’a oenemtor' from which it
follows that no rush of cuirent can oceur
through the shunt-coil and terminals of the
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. Fig.
‘pdrallel with the coil 30.

voltage regulator when the dyn‘uno is con-
verted from a motor to a generator because
of the fact that the main shunt cireuit in
which the coil and terminals are included
will then be broken. This circuit breaking
device ig preferably combined with the volt-

age regulator and acts to break the circuit

in (me%tlon at the terminals of the voltage
1‘eoulat0r.'althmwh the ciicuit breaking de-
vide referred to may be entirely nldcpcndent
of the-voltage regulator, or may be used in
systems in which no volt. age regulator is em-
ployed. .
-As illustrated in the drawing, the cireuit
breaking device referred to includes a coil
35 comnlonlv of high resistance wound upon
the core 32 of the voltﬁoe regulator and elec-

trically .connected with the dynamo in such

a way that a flow of current may ocenr
therethrouOh when the motor- ocneldtor' iE
used as a motor. Thus in I<1o 1 theé coil
35 1s connected In selies \\1th the voltage
regulator coil 30 when the dynamo oper ates
as a motor, wheréby the coils reinforce one
another, and a current will flow through

“both coils due to the high electro- m()tl\o

force generated in. the generator armative
wmdmo when the dvnamo 1s used as a mo-
tor, notwithstanding the fact that the exter-
nal generator cirewit is broken at the switch
24 at such times. The armature 31 of the
voltage reg n]ator will therefore be attracted,
and tlo circuit in which the shunt coil 20 is
included will be broken at the terminals of
the voltage regulator. The same result will
be secured with the arr angement shown in
2 1n which the coil 3.) is connected in
In this last-men-
tioned arrangement, when the dynamo op-
Oenerator very little enrrent

erates as a

flows tnrOUOh the coil 35, because of its high

resistance and the low electro-motive force
maintained at such times hy the voltage

regulator; so that while the coils 80 and 35

veinforce one another when the dvnamo op- -

erates as a generator, the nmomtlmtlon of
the core 82 is due for the most part to the
coil 30.  When the dynamio operates as a
motor, however, the maoneh/mo effect of
the coil 35 is greatly inereased 1)LC(1HS(§ of
the increased electro-motive force then
generated in the generator armature wind-
mO. and is quﬂlment to break the main ]ine
of the circuit in which the shunt coil"20 is'in-
cluded, . notwithstanding the. fact that no
current is then flowing in the coil 30.

It will be understood that the functions
performed by the voltage regulator and by
Lhe cireuit breaker responsive to the exces-
sive electro-motive force generated in the
generator armature Wmdmo when the dy-
namo is used as a motor, are independent. of
one another, and utilize in part a single con-
crete structure merely for the purpose of
convenience, Thus, if the coil 30 were omit-

. 1,282,060

ted, the voltage regulating function would

no lon(rer be per]‘ormed but the circuit'in

which thc shunt coil 20 is included would .

nevertheless be broken when the dynamo op-
erates as a motor, precisely as hereinbefore
explained. The electro motive force gen-
erated by the dynamo when operating us a

oenerator would not be maintained constant.

in such & case, but a storage- battery could
nevertheless be charged \\'1th a considerable
degree of success, pdrtlcul"r]y if the battery
nscd was of a type iwhich may be charged at
widely varying rates, or if the spoed at
which the dvn(uno was driven from the en-
gine was tur]y constant as is the case in
statlon‘u'y and marine work, and in mo-
tor-driven trucks for compar‘ltlvely heavy
service,

The Dbattery cut-out 27 hereinbefore.re-
ferred to may.be of usnal or ordmfus con-
struction, and forms no part of the inven-
tion to which this application relates. As
shown, it comprises a core 36 of iron upon
which a coil 37 of high resistance is wound
and which coil is connuted in parallel with
the storage battery 25 when the dynamo is
charging - ‘the battu‘v ’lhe core 3() when
ln(wneh/ed by the ‘coil .37, will (1tt act a
piv otallv suppoxtcd sprmo “retracted arma-
ture 38 which carries one of the terminals of
the cut-out, the other being stationary, and
thus close the circuit 23’ m which the bat-
tery is included when it is being dmrood
and which cireuit. includes a coil 39 a]so
wound upon the core 86 of the bdttel v cut-
out. .

It therefore follows that when the m()’rol'
generator commences to operate as a gen-
erator and- when the electro-motive forcc
thereof has becone sufficiently high to
char(m the storage battery, a cmrent. small
in amount because of the high 1'c51st(1nce of
the coil. will flow through the coil 37 and
magnetize the core 36 of ’[he battery eut-out;
W hereup()n ll > armature 38 will be attrac tod
the cirenit 237 in wwhich the battery is in-
cluded will bL closed at the terminals of
the battery cut-out, and current will flow
through the coil 39 and circuit 23 to charge
the. battery. The coils 37 and 39 are so
wound as to reinforce one.another. {from
which 1t follows .that the terminals of the
cut-out are held in econtact with increased
force after the current beging to flow
through the coil 39. TIf the speed of the
motor-generator falls to such an extent that
the electro-motive force wen(-rltod by the
generator armature \vmdmo is less than the
electro motno force of the battery, a cnr-
rent In a’ reverse direction will be ostab-
lished through the ‘coil 39 of the battery cut-
out. thus releasing the mrmature 88 and
breaking the cirveuit in which the battery is
m(]uded, as will be nunderstood.

The: reference numeral 10 designates a
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switch used preliminary to starting the en-
gine for the purpose of facilitating the
bringing of the gears intermediate the mo-

tor-generator armature shaft and the fly--

wheel of the engine into mesh. At such times
the armature of the motor-generator will be
at rest, the battery cut-out terminals will be
separated, the voltage regulator terminals
will be in contact, and the switch 24 will be

in the position shown in Fig. 2. If now the:

“switch 40 be moved to close the circuit 41

controlled by it, current will flow from the

storage battery through the generator arma-

 ture winding and shunt field coil of the

dynamo, which current, however, will be

small-in quantity because of the high re-"
‘sistance of -the generator portion of the

© motor-generator, that is, the generator arma-
ture winding thereof and the shunt coil 20.

The armature of the dynamo, however, will
be rotated slowly, and with little power, and,
while this is occurring, the lever 71s operated

_to move the pinion 16 and gear 8 as hereinbe-
fore explained, whereupon the train of gear- -
ing between the dynamo armature and the
fly-wheel of the engine is brought into en-

gagement at low speed and quietly and

- without shock or danger of stripping the

30

11

teeth. After the gears are in mesh, the
switch 24 is moved into the position shown
in Fig. 1-and the dynamo operates as a
motor as hereinbefore explained.

Having thus described and explained my
invention, I claim and desire to secure by
Letters Patent: - T :

1. In apparatus of the class described, in -

combination, a dynamo machine, a battery,

the dynamo being provided with a motor

40

winding for starting and a generator wind-
ing for charging and means controlled by

" the generator winding during motor opera-
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tion to  protect the - generator winding

against the high voltage developed therein
due to the operation of the machine as a
motor. . , N ‘

2. In apparatus of the class described, in
combination, a dynamo machine, a battery,
said dynamo including a motor armature
winding for starting and a generator arma-

ture winding for charging, and electromag- .

netic means energized by said generator
winding during motor operation to weaken
the field of said dynamo preparatory to gen-
erator action. ' :

3. In apparatus of the class described, in

- combination, a dynamo electric machine,

conducting means comprising a shunt field
circuit adapted to lead current from said

. machine as a génerator, said circuit provid-

60

ing excitation during ‘generator operation

and including, an automatic regulating
switch, a storage battery, conducting means

&

comprising a series field winding adapted &<
lead current to said machine as a m
means adapted alternatively to connect saic
battery with said first and with said second
conducting means, and means to prevens
an opening .action of said regulating switch
when the motor connection is changed to the
generator connection.. '

4. In apparatus of the class described, in

7%

combination, a dynamo- electric- machine,
conducting means comprising ‘a shunt tield -

circuit’ adapted to lead current from said
machine as a generator, said circuit pro-
viding excitation during generator opera-
tion, a storage battery, conducting means
comprising a series field winding adapted to
lead current to sald machine as a motor,
means adapted alternatively to connect said
battery with said first and with said second

_conducting means, and means adapted to
‘wealken said shunt field winding when said
-machine is connected with said battery as-a

motor, said last means comprising a nor-
mally shunted resistance in series with said

shunt field winding, and means adapted to

break the shunt. .

5. In apparatus of the class described, in

‘combination, a single dynamo electric ma-
chine, including a motor armature winding -
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and a generator armature winding, a motor

field and a generator field, means for shift-
ing from a motor to a generator connection,
an automatic regulating switch associated

with said- latter field, and an electromag-

netic coil actuated by said generator wind-
ing during motor operation to maintain said
regulating switch in open position when the
motor connection is shifted to a generator
connection, : . -

6. In apparatus of the class described, in
combination; a dynamo electric machine, a
storage battery, conducting means adapted
to lead current from said magchine as a gen-
erator, an automatic switch associated with
said ‘means, conducting means adapted to
lead current to said machine as a motor,
means alternatively connecting said battery
with, said first and with said second con-
ducting  means; means adapted to maintain
said automatic switch in open position while
said machine is operating as a motor, and

means to render said last means inoperative -

when ‘said machine is operating as a gener-
ator. '

- Signed at Chicago in the county of Cook.-

and State of Tllinois this 25th day of Octo-
ber A. D., 1913. - |
CYRIL A. SOANS.
- Witnesses: . '
- Joya M. Lurz,
Samuer N. Poxb.
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