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The present invention relates to a new and improved
met_hod and apparatus for starting internal combustion
engines.

More particularly, the present invention relates to a
new and improved flywheel starter motor and starting
arrangement.

At the present time there are at least two conven-
tional methods for starting internal combustion engines,
one being the flywheel starter motor and dynamo assem-
bly, and the second being the dynastarter. The conven-
tional flywheel starter unit operates by initially disengag-
ing the flywheel from the engine shaft. The starter motor
is then energized to drive the flywheel until a high kinetic
energy is stored therein. The flywheel is then coupled to
the engine shaft and simultaneously decoupled from the
starter motor. The kinetic energy of the fiywheel is then
used to turn the engine shaft until the engine starts. In
this type of system it is apparent that only the kinetic
energy of the flywheel is used for rotating the engine shaft.
Since the initial starting torque is very high for internal
combustion engines, it is apparent that this kinetic energy
may easily be used up before the engine actually starts.
It is apparent that at low temperatures this problem is
materially increased.

The conventional dynastarter techmique includes a
motor permanently connected to the engine shaft. In
order to overcome this high initial starting torque the
motor is made oversize. Obviously, this is uneconomical
under normal conditions when the engine is running.

The present invention stores kinetic emergy in a fly-
wheel disengaged from the engine shaft and then couples
the flywheel to the shaft. However, the starting motor
also remains coupled to the fiywheel and engine shaft so
that both its torque and the kinetic energy of the flywheel
are simultaneously applied. This permits a decreased
drain on the battery used to operate the starting motor as
will be illustrated herein below.

Accordingly, it is an object of the present invention to
provide a new and improved method and apparatus for
starting internal combustion engines.

Another object is to provide a new and improved start-
ing apparatus for internal combustion engines which
operates more efficiently than presently known devices.

Still another object of the present invention is to pro-
vide a novel starting motor for internal combustion en-
gines.

An object of the present invention is to provide new
and improved starting apparatus which is automatically
stopped after a time period independent of the starting of
the internal combustion engine.

With the above objects in view, the present invention
mainly consists of a starting apparatus which includes an
electric starter motor having a rotatable armature. Fly-
wheel means are connected to the rotatable armature to
be rotatable therewith. Coupling means are included for
connecting the armature and flywheel to the shaft of a
combustion engine and for decoupling them therefrom,
whenever required, Means for energizing the motor and
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rotating the armature together with the flywheel, when-
ever required, are provided whereby for starting of the
combustion engine, the motor is energized without cou-
pling the armature to the engine shaft until the armature
together with the flywheel attains a relatively high speed,
storing substantial kinetic energy, whereupon the arma-
ture and flywheel are coupled to the engine shaft thus
partly using the stored kinetic energy for rotation of the
engine shaft and starting of the engine.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to its construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of specific
embodiments when read in connection with the accom-
panying drawings, in which:

Fig. 1 is a diagram showing the variation of current in
the starting motor with time for both conventional start-
ing units and starting units incorporating the present in-
vention;

Fig. 2 is a transverse cross sectional view of a starting
motor capable of being used with apparatus incorporat-
ing the present invention;

Fig. 3 is a diagrammatic representation of the starting
circuit;

Fig. 4 is a diagrammatic representation of automatic
control means for terminating the starting cycle of the
present invention when the current drawn by the motor
exceeds a predetermined value;

Fig. 5 is a diagrammatic representation of an automatic
control means for terminating the starting cycle which is
dependent upon the surrounding temperature;

Fig. 6 is a diagrammatic representation of automatic
control means including a mechanical escapement mech-
anism for terminating the starting cycle after a predeter-
mined time interval; and

Fig. 7 is a diagrammatic representation of an automatic
control means including a mechanical interlock and an
electromagnetic relay for terminating the starting cycle
when a predetermined value of current is reached.

Referring now to Fig. 1 a current-time diagram is
illustrated with current in amperes plotied as the ordinate
and time in seconds plotted as the abscissa. The heavy
line, I, represents the variation of current in the con-
ventional dynastarter unit. As indicated above this unit
is permanently connected to the shaft of the internal com-
bustion engine. Therefore, at the beginning of the start-
ing cycle (time line A) a high current peak is drawn
from the battery used to energize the starting motor.
This is due to the high starting torque needed to over-
come the inherent inertia of the starter unit and the
engine,

This high current peak is maintained until the engine
starts to turn over which, in the example shown, occurs
in about 2%2 seconds. At this peoint the current starts
to decrease rapidly until after about 5 seconds (time line
B) only the turnover torque of the engine itself must
be overcome. As the speed of rotation increases the
current decreases until a constant value is reached equal
to the starting speed of the engine crank shaft. This
constant current value is maintained until ignition takes
place. When the engine starts the current consumption
of the starter motor decreases and finally reaches zero
unless the motor is disconnected from the current-source.

If ignition of the engine does not occur the motor
speed will decrease after a certain time due to a drop
in the battery supply veltage. This increases the cur-
rent consumption and is illustrated in Fig. 1 by the line
1’. Obviously, it is possible under certain circumstances
to continue operating the starting button until the battery
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is completely run down without the internal combustion
engine ever being started.

The current-time relationship of apparatus incorporat-
ing the present invention is illustrated in -Fig. 1 by the
dotted line II. At the beginning of the starting cycle the
starter motor -and flywheel are disconnected from the
engine shaft so that the motor nsed only overcome
the load of the uncoupled flywheel. Therefore, at time
zero (time line C) -a substantially smaller current pesk
is produced than was necessary for the previcus con-
ventional case. As the flywheel starts to rotate the
current consumption of the starter motor falls off uniil
the time line A is reached. At this instant, in accordance
with the starting: method of the present invention, the
flywheel and starting motor are coupled to the engine
shaft. A slight increase in current consumpticn ccouts
at this point due to the starting torgue nesded for initia-
tion of engine shaft rotation. It should be noted that
the peak of the starting current is here much lower than
the previous peak due to the use of the kinetic energy
stored in the rotating flywheel.

As before, when the engine shaft starts rotating the
current decreasss until the constant starting speed of
the engine crank shaft is reached. The starting cycle
continues until the engine ignites, indicated by the de-
creasing line 2 or the engine fails to ignite and the
current increases in accordance with line 27,

In comparing the figures shown for the twe starting
arrangements, ‘it is seen that for a 30 second starting
period the convention arrangement consumss a total of
0.57 ampere hour. On the other hand, apparatus in-
corporating the present invention consumes only 0.21
ampere hour for a 39 second starting period. Accord-
ingly, it is apparent that starting arrangements incor-
porating the present invention may be made substantially
sinzller than conventicnal starters thersby providing con-
siderable savings in cost of material.

Referring now to Fig, 2 a cross secticnal view of one
starter motor capable of being used with the present in-
vention is shown. The motor is mounted within a motor
housing 2d.” In the housing, a shaft 192 is rotatably
mounted by means of bearings 5. An armature 24 is
affixed to the shaft 162. On the inner surface cf the
hisusing 24 is mounted a series field winding 25 and a
shunt field winding 2¢.  Fixedly mounted on the rotating
armature is a flywheel 3 having a conicaliy-shaped cuter
surface. 3 is a clutch

On the outer surface of flywhesl 3
lining 183. Lining 193 may be made of any suitable
material having a high coefficient of fricticn.

An annular ring 4 is shown mating with the clutch
lining 163. Riug 4 is urgad against lining 193 by a re-
silient member 4g attached to a shaft hub 45. Hub 4b
is mounted on the internal combustion engine shaft 4c.
Lever ms=ans 6, shown in diagrammatic form, are oper-
able against the annular ring 4 in the direction indicated
by the arrows 184 to overcome the force of resilient
member 4a. Lever means 6, in turn, are remotely
operable by members 64 and 6.

In cperation therefore the flywheel 3 and the armatore
24 may be decoupled from, the engine shaft 4a by operat-
ing the lever 6 in the direction shown. Afmainre 2a
is therefore free to rotate except for the starting inertia
introduced by -its own weight and the weight of the
flywheel. At any desired time lever § may be operated
to connect the rotating armature and flywheel to the
engine shaft 4¢. The operation of the starting moctor
illustrated in Fig. 2 will bz described hersinbelow,

Referring now to Fig. 3 the starting motor is shown
diagrammatically in conjunction with the remainder of
the starting apparatus. Power for the apparatus is pro-
vided by the storage battery 111, The positive terminal
of batiery 113 is connected to the terminal A by a
conductor 112 through a manually operable switch 7.
Terminal A is connecied to one side of the series field
windings 2b. The other side of the windings 2b being
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connected to the terminal 4+D. The terminal D .is
connected to the positive terminal of the armature 2q
by a conductor 113; the negative terminal of armature
Za being connected to ground. Terminal +D is also
connected by a conductor 114 to terminal 115 of a con-
ventional voltage regulator indicated by the dotted line
Ic. Attached to terminal 115 is a biasing resistor 34,
and current coils 35 and 36. The other side of coil 35
is connected tc ground and the other side of coil 36 is
connecied to one of a pair of contacts 33. The other
centact 33 is connected to battery 111 by a cenductor
116. Contacts 33 are pormally open 'and may be
closed by the magnetic field acting on core 37 -and
established by sufficient current flowing through the coil
36. Similarly, coil 33 is cperable on contacts 32 by
means cf core 38,

The other side of the resistor 34 is connected to a
terminal 4F by means of a conductor 117, This ter-
minal is also comnected to one side of the shunt field
windings 2c, the other side of these windings being con-
nected on conductor 118 to one of a pair of normally
closed -contacts 8. The other contact 8 is connected to
ground. Contacts 8 form part of a switch 119 which may
be operated by lever 6a. Lever 6a, in turn, may be
operated by lever 65 which itself is manually operable.

In operation, therefore, lever 6b is depressed to dis-
connect the armature and fiywhel from the engine shaft.
This also opens switch 119 thereby discornecting the
shuat field windings 2¢. Switch 7 is now manually oper-
ated to send current through the field windings 2b and
the armature 2a in series. This initiates rotation of the
armature 24 which quicky reaches high speed due to its
connection as a series motor. This is the period between
time lines C and A of Fig. 1. When the desired speed is
reached lever 65 is released connecting the armature and
flywheel to the engine shaft and simultaneously closing
the switch 119. This is the part of the time cycle indi-
cated by the time line A of Fig. 1. Due to the sudden
introduction of the stored kinetic energy of the flywheel
3 a supplementary force is available to rotate the engine
shaft in addition to the torque still provided by the starter
motor. Because of the conical clutch arrangemeént illus-
trated in Fig. 2, the connection between the engine shaft
and the flywheel is made with the smallest possible slip.

It should also be noted that when the starter switch 7
is operated current flows through coil 35 attracting core
38 thereto and closing contacts 32. Therefore, when
switch 119 is closed the windings 2¢ are connected in par-
allel with the rotating armature 2q. This provides an
additional magnetic field in which the armature rotates
thereby providing the additional starting torque available
with compound coperation. Therefore, by keeping switch
7 closed the engine shaft can be made to rotate at its
constant ignition speed until the engine ignites. ‘When
the combustion engine starts the current consumption of
the starter motor will decrease to zero. If the engine
does not start the motor will continue to draw current
until the battery voltage decreases with a resultant rise
in current to the point a on line 2’ of Fig. 1.

In the above described method of cperation the length
of time during which the flywheel and motor are uncou-
pled from the engine shaft is determined only by the
operator starting the engine. This is advantageous since
the flywheel may be made to store additional - kinetic
energy by longer decoupled operation. In lower temper-
atures it is known that the starting torque of the engine
is much higher due to the thickness of the oil in the bear-
ings and cylinders. Therefore the individual operator
may determine the length of time for this nncoupled oper-
ation depending on the extraneous temperature condi-
tions,

In-the embodiment shown in Fig. 3 it is possible by
continuous operation of switch 7 to rotate the combus-
tion engine until the battery 111 is exhausted. However,
by means of the circuit arrangements described below, it
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is possible to automatically deenergize the starter motor
after a time period independent of the starting of the com-
bustion engine.

Referring now to Fig. 4 one embodiment for automati-
cally terminating the energization of the starting motor
is shown. Only the automatic circuit elements are illus-
trated in Fig. 4, the remainder of the parts remaining as
illustrated in Fig. 3. In place of the starter switch 7, a
switch indicated by the arrow 121 is provided. Switch
121 is maintained in the normally open position by a com-
pression spring 13 acting against the abutment 12. The
remainder of switch 121 includes a rod 10, a winding 15
about a magnetic core 9, contacts 14 and a contact clos-
ing element 11. One of the contacts 14 is connected to
the positive terminal of the battery 111 by a conductor
122. The other contact 14 is connected to one side of
coils 15, 16 and 16’. The other side of coil 16 is con-
nected to the armature 2a so that coil 16 is in series with
this armature. The other side of coil 16’ is connected to
auxiliary contacts 39 and 46 and thereby to ground when
these contacts are closed.

The other side of the winding 15 is connected to a
movable armature 19 on which is mounted a contact 23.
Contact 23 mates with grounded contact 20 and is held
in the normally closed position by means of spring 21 and
adjustable set screw 22. The remainder of the relay about
which coil 16 is wound includes the core 17 and the
yoke 18.

In operation depression of the lever 6b raises lever 6a
closing switch 121 against the pressure of the spring 13.
As before, this also opens switch 119. Current is sup-
plied from the battery to the armature on conductor 122
through switch 121 and coil 16. The contacts 20 and
23 are maintained closed by the spring 21 which is ad-
justed to overcome the force of the magnetic field set up
by the coil 16 as long as the current through the coil 16
goes no higher than the value indicated at time line C
of Fig. 1. Therefore, winding 15 is connected to ground
and is energized to hold the magnetic core 9 in its dis-
placed position, maintaining switch 121 closed. Now, if
lever 65 is released this will close switch 119 but will not
have the effect of opening switch 121.

Under these circumstances if the engine does not start
within a certain time period, the current drawn by the
armature 2a¢ will increase to the point a of Fig. 1. As
soon as the current exceeds this point the magnetic force
set up by coil 16 will overcome the spring 21, opening
the contacts 20 and 23. This will deenergize the hold-
ing winding 15 thereby opening switch 121. In the event
that the engine starts before point a is reached the cur-
rent through the armature will decrease toward zero. By
this time the shunt field windings have been connected in
parallel and the machine being rotated by the combustion
engine, now acts as a generator. The generated voltage
causes the coil 36 of Fig. 3 to close contacts 33, 39 and
40 of Fig. 4. This sends current through the auxiliary
16’ providing enough magnetic force to open contacts 20
and 23 and release holding winding 15.

Therefore, with the above described arrangement we
have provided means for automatically deenergizing the
rotating motor after a time period, regardless of whether
or not the engine starts. In the above case the period is
ended when the current through the motor reaches a
predetermined value.

Referring now to Fig. 5 a second automatic arrange-
ment is shown for deenergizing the rotating motor at
the end of a time period. The parts of Fig. 5 bearing
the same numbers as parts of Fig. 4 have similiar func-
tions. However, in place of the windings 16 and 16', a
thermally operated switch indicated generally by the
arrow 123 is provided. The switch includes a heater
winding 25 and a bi-metallic spring 24. One side of the
heater winding 25 is connected to ground through nor-
mally closed contacts 26 and 26’.

The switch 121 also includes a switch rod 10’ through
the center of its shaft 10. When the lever 6a is raised,
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closing the switch 121, the switch rod 10’ is raised open-
ing the contacts 26, 26'. When the lever 6a is released
the switch 121 remains closed due to the action of the
holding coil 15. However, the switch rod 10’ drops,
thereby closing contacts 26, 26’. Current now flows
through the heater winding 25 heating the bi-metallic
element 24 until it bends sufficiently to separate contacts
20 and 23. This opens the circuit of the holding coil
15 and opens switch 121.

Therefore, in the embodiment of Fig. 5 the rotating
motor is autcraaticaily deenergized by means of the
thermaily controlled switch 123. One obvious advantage
of such a thermal device is that heater 25 will take
longer to reach the opening temperature when the sur-
rounding temperature is low, that is, the lower the tem-
perature, the longer will the circuit operate to start the
engine.

Referring now to Fig.- 6 a mechanical escapement
mechanism 31 is shown in place of the switch 123 of Fig.
5. Here the lever 6a closes the switch 121 which now
winds the mechanism 31 in the direction of the arrow a
by means of the switch rod 10’ and the lever 29. When
the escapement mechanism is wound the rod 28 is dis-
placed from the lever 27 containing contact 23. This
permits contacts 23 and 20 to close connecting wind-
ing 15 to ground to hold switch 121 in the closed position.

When the lever 6a is released, the switch 121 remains
closed but the switch rod 19’ is lowered and the escape-
ment mechanism 31 unwinds until the rod 28 bears on
the lever 27 and opens contacts 20 and 23. This opens
the circuit of the holding winding 15 and opens switch
121. Therefore, in the above described embodiment
the time interval 15 is controlled by the setting of the
escapement mechanism.

Referring now to Fig. 7 another means for automatical-
ly terminating the energization of the motor is shown.
In this arrangement a purely mechanical blocking is pro-
vided for holding switch 121 in a closed position.

On the shaft 10 of the switch 121 is mounted a hook
41 which is urged by a spring 42 against a fixed pin 43.
Associated with the switch 121 is an auxiliary relay in-
dicated generally by the arrow 124. This relay in-
cludes a core 45 surrounded by winding 16 and auxiliary
winding 16”. A push rod 45’, made of a magnetic ma-
terial, projects through the core 45 contacting a spring
46 at one end and the hook 41 at its other end.

In operation, closing of the switch 121 slides the
hook 41 up over the horizontal push rod 45’. Upon
release of the actuating lever 6a the shaft 10 of the
switch 121 is prevented from moving downward by the
engagement of push rod 45’ with hook 41. The spring
46 bearing on rod 45’ keeps this rod and hook 41 in
positive engagement. The relay windings 16 and 16’
are connected in the same manner as discussed for Fig. 4.
Therefore if after a period of time the engine does not
start, current through the winding 16 will increase to a
point where the magnetic push rod 45’ will be horizontal-
ly displaced against the action of the spring 46, releas-
ing hook 41 and opening switch 121. Therefore in the
above arrangement an automatic deenergization means
is provided wherein the switch is mechanically locked
and electrically opened when the current through the
motor reaches a predetermined value.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find
a useful application in other types of starting devices
differing from the types described above.

While the invention has been illustrated and de-
scribed as embodied in a starting apparatus for an in-
ternal combustion engine, it is not intended fo be lim-
ited to the details shown, since various modifications and
structural changes may be made without departing in
any way from the spirit of the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
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by applying' current knowledge readily adapt it for
various applications without omitting features that, from
the standpoint of prior art, fairly constitute essential
characteristics of the generic or specific aspects of this
invention and, therefore, such adaptations should  and
are intended to be comprehended within the meaning
and range of equivalence of the following claims.

What is claimed as new and désired to be secured by
Letters Patent is:

1. Apparatus for starting an internal combustion engine
comprising, in combination, an electric starter motor hav-
ing a rotatable armature; flywheel means fixedly connect-
ed to said rotatable armature; coupling means for con-
necting said armature and said flywheel to the shaft of
a combusticn engine and for decoupling them therefrom,
whenever required; a first field winding arranged in se-
ries with szid armature; first actuating means for ener-
gizing said first field winding, whenever required; a sec-
ond field winding arranged in parallel with said armature;
and second .actuating means for energizing said second
field winding, whenever required, ‘whereby for starting
of the combustion engine said first field winding is
energized by said first actuating means without coupling
said armature to the engine shaft until said armature
together with said fiywheel attains a relatively high speed,
storing substantial kinetic energy, whereupon said sec-
ond field winding is energized by said second actuating
means and said armature and flywheel are coupled to
said engine shaft.

2. A starting' motor for internal combustion engines
which comprises in combination, a motor housing; a
first and 2 second field winding mounted on the imner
surface of said housing; a shaft rotatably mounted in
said -housing; an armature affixed to said shaft in oper-
able association to said field windings; a ftywheel fixedly
mounted on said armature; an annular ring positioned
adjacent the outer surface of said flywheel;  resilient
means for urging said annular ring against said flywheel,
said resilient means being connected to both said annu-~
lar ring and the shaft of said engine; and means for
urging said annular ring away from said flywheel.

3. A starting motor -for internal combustion engines
which .comprises, in .combination, a motor housing; a
first and a second field winding mounted on the inner
surface of said housing; a shaft rotatably mounted in
said honsing; an armature affixed to said shaft in oper-
able association to said field windings; a flywheel fixedly

mounted on said armature; said flywheel having an outer .

conical surface; a clutch lining attached to the outer
surface of said flywheel; a conically shaped annular ring
arranged adjacent said brake lining; resiliesit means for
urging said annular ring against said flywheel, said resil-
ient means being. connected to both said annular ring
and shaft of said engine; and means for urging said
annular ring away from said flywheel.

4. The method of starting internal combustion engines
which comprises disengaging the shaft of said engine

from the starting motor; energizing said starting motor .

in series operation until it acquires the desired kinetic

energy; and coupling said starting motor to said engine -

shaft while simuitansously connecting said motor in com-
pound operation until said engine starts.

5. The method of starting internal combustion engines
which comprises disengaging the shaft of said engine
from the starting motor; energizing said  starting motor
in series operation until it acquires the desired kinetic
energy; coupling said starting motor to said engine shaft;
and deenergizing said motor after a time period inde-
pendent of the starting of said engine.

6. A methdd of starting internal combustion engines

which comprises disengaging the 'shaft of said engine
Tfrom the starting motor; energizing said starting motor
In series gperation until it -acquires the desired kinetic
cnergy; coupling ‘said starting motor to said engine-shaft;
simultaneously connecting said motor in compound oper-
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&
ation; and operating the starting motor as a generator
after the engine starts.

- 7. Apparatus for starting an internal combustion en-
gine comprising, in .combination, a -motor housing; a
series field winding .mounted . on .the ‘inner - surface -of
said housing; a shuat field winding also mounted on the
inner surface of said housing; a shaft rotatably mounted
in said housing; an armature affixed to said shunt -in
operabie .association to- said feld windings; -a flywheel
fixedly mounted on said armature; an -annular ring ar-
ranged adiacent the outer surface of said flywheel; resil-
ient ‘means for urging said annular ring -against -said fly-
wheel, said resilient. means being conpected to both said
annular ring and the shaft of said engine; manually oper-
able lever means for urging said annular ring away from
said fiywheel; means for energizing said field -windings
and thereby rotating said -armature together -with said
flywheel, whenever required, -whereby for starting -of the
combustion engine said -lever ‘means is operated to urge
said annular ring away from said flywheel; and said first
field winding is simultaneously energized -to rotate. said
armature and said flywheel until they attain -a relatively
high speed,-storing substantial kinetic energy, whereupon
said lever means is operated to permit contact -between
said -annular ring and said flywheel ‘thus partly -using
the stored kinstic.energy for.rotation of the engine shaft
and starting of the engine. '

‘8. Apparatus for starting an -.internal combustion en-
gine,-comprising in-combination, an-electric starter motor
having -a rotatable -armature, a series field ‘winding .and
a shunt field winding; first -actuating -means for “ener-
gizing said series field winding, whenever required; sec-
ond actuating means for energizing said:shunt field wind-
ing, whenever reguired; flywheel means fixedly connected
to ‘said -rotatable armature;. coupling means for ‘connect-
ing .said armature -and said flywheel to the shaft of a
combustion “engine -and for decoupling ‘them “therefrom,
whenever required, whereby for starting of the combus-
tion engine said first actuating -means energizes said series
field ‘winding ‘to energize said motor as a series ‘motor
with said flywheel and said rotatable ‘armature being
decoupled from the engine shaft until said -armature to-
gether with said flywheel attains a relatively ‘high-speed,
storing substantial - kinetic energy, -whereupon said fly-
wheel is rapidly -coupled to said engine shaft and -said
second actuating ‘means simultaneously -energizes - said
shunt field winding to operate ‘said motor as compound
motor thereby using the stored kinetic energy as well as
the compound motor for rotaticn of the engine shaft;
and means for automatically deenergizing said field wind-
ings-of said metor - after-a tinie period independent of
the ‘starting of said ‘engine.

9. The apparatus of claim 8 wherein said automatic
deenergization ‘means ‘includes a relay for discommecting
said motor: energizing means when the current - through
said motor reaches ‘a predetermined-value.

10. Apparatus of ‘claim 8§ wherein said automatic de-
energization means includes a thermally controlled switch
for disconnecting said motor energization means.

11. Apparatus -of claim' 8 wherein said automatic “de-
energization means inciudes a switch operated by a me-
chanical escapement mechanism for disconnecting ‘said
motor energization means after a predetermined time -
interval.

12. Apparatus of claim 8 wherein said automatic - de-
energization means includes a mechanically locked switch
and a relay for unlocking said switch to disconnect said
motor energization means when the current through said
motor reaches a predetermined value.

13. Apparatus for starting an internal combustion
engine, comprising, in combination, an electric starter
motor having a rotatable armature, 2 series feld wind-
ing and a shunt field winding; first actuating means for-
energizing said series field winding, whenever. required;
second actuating means for energizing said shunt ‘field
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winding, whenever required; flywheel means fixedly con-
nected to said rotatable armature; coupling means for
connecting said armature and said flywheel to the shaft
of a combustion engine and for decoupling them there-
from, whenever required, whereby for starting of the
combustion engine said first actuating means energizes
said series field winding to energize said motor as a
series motor with said flywheel and said rotatable arma-
ture being decoupled from the engine shaft until said
armature together with said flywheel attains a relatively
high speed, storing substantial kinetic energy, whereupon
said flywheel is rapidly coupled to said engine shaft and
said second actuating means simultaneously energizes
said shunt field winding to operate said motor as a com-
pound motor thereby using the stored kinetic energy as
well as the compound motor for rotation of the engine
shaft; and means for automatically deenergizing said

10

15

10

series field windings of said motor after said internal
combustion engine starts.
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