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6 Claims,

This invention relates to engine starting ap-
paratus and more particularly to starters of the
inertia type.

Such starters have commenly utilized.a light
inertia member, or flywheel, which is actuated
by either manual or power means to & very high
speed so as to store energy therein, the energy
thus stored being then transmitted to a.driven
or engine-engaging member through a reduction
gear train or other transmission.

Sometimes when it is attempted to engage the
rapidly rotating starter member with a rotatable
member of a large engine to be started while the
latter is at rest, only the ends of the teeth of

the engaging member become meshed, and there
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not being sufficient metal to take up the load,

distortion or breaking of the teeth occurs.

It is therefore one of the objects of the present
invention to provide a novel engine starter of
the inertia type in which the driving member
may be fully engaged with the rotatable member
of the engine to be started without transmitting
any load therebetween, and the full load may
subsequently be gradually applied, the full faces
of the engaged teeth taking the stress without
distortion or breaking.

Another object is to provide an engine starter
which is rugged and strong enough, and of suffi-
cient capacity, to start a reasonably high com-
pression engine in a dependable and efficient
manner without requiring a structure of exces-
sive size, weight, or cost of manufacture.

Another object is to provide an engine starter
of the inertia type embodying a high speed fly-
wheel of considerable mass, and novel means
for effecting movement of the engine-engaging
or driven member to engine-engaging position
during the first stage of the flywheel’s accelera-
tion.

A further object Is to provide a novel engine
starter wherein the driven member of the starter
may be moved into cranking engagement with
the engine to be started at a time when the
former is subject to little or no driving torque,
the driving connection between said member
and its source of energy being adapted to yield
after sald movement. has been completed, and
to continue to yield while the driving energy is

being cumulatively stored in the driving ele--

ment. of the starter, after which torque trans-
mission begins automatically.

These and other objects will appear more fully
from a consideration of the detailed descrip-
tion of the invention which follows. Although
only one embodiment of the present invention is
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described and illustrated in the accompanying
drawing, it is to be expressly understood that
the drawing is for the purpose of illustration
only, and is not be construed as a limitation of
the scope of the invention, reference being had
for this purpose to the appended claims.

In the drawing reference character § desig-
nates the inertia member, or flywheel, numeral 6
its driving motor, and numeral 1 the engine-
engaging, driven element of the starting appa-
ratus. As shown, the driven element 1 is a
pinion of the screw-actuated “Bendix” type that
moves axially of its supporting and driving shaft
8 in order to engage the engine member (not
shown); the axial movement being finally ar-
rested by engagement with adjustably positioned
stop-nut 9.

The motor 6 has a projecting rotor shaft If,
to which is keyed the flywheel 5; and splined
thereto is the driving half 12 of a normally dis-
engaged clutch 12, 13; the driven half 13 being
shown as integral with the screw-shaft 8. A
compressible spring 14 is interposed between
the end faces of the shafts 8 and i1, and a yoke
16 straddles the clutch half 12, as shown. This
yoke 16 is shiftable about a pivot shaft 1T by
means 18 and 19 disposed on opposite sides of the
yoke extension 21,

Means 18 is shown as a spring which normally
holds the yoke 18 (hence the clutch element 12)
in the position  shown in the drawing, and
means 19 is the movable pole-piece, or plunger,

- of a solenoid 23 forming part of a circuit which
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also includes two serially connected switches 26
and 21. A source of current is shown at 28, and
ground connections at 31, 32, 33, and 34; the
last-named being the terminal of a coil 36 which
surrounds a bi-metallic element 31 fixedly
mounted at one end and carrying on its free end
a contact 38 which is adapted to bridge the con-
tacts of switch 26, when the element 31 becomes
sufficiently heated.

In operation, closure of switch 2T energizes
motor 8 and coil 36, the two units being in paral-
lel circuits leading from the common source 28.
As the motor shaft {1 begins to rotate, the fric-
tional contact with spring 14 Is sufficient to
impart the necessary rotary movement to the
driven shaft 8 to insure completion of the mesh-
ing action of the pinion 1, as previously described.
In the event of end-to-end tooth contact, the
spring friction is augmented by reason ¢f the
resulting axial deflection thereof, wherefore
there is assured sufficient rotation for full mesh-
ing: but, if preferred, the same result may be
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achieved by use of mesh-facilitating cluich ele-
ments on parts il and 8, respectively, which
auxiliary clutch elements would be self-disengag-
ing as soon as the end-to-end tooth contact
ceased.

When the meshing action is completed, the in-
ertia of the engine will resist further rotation
of the entire transmission, including the pinion
1, and the flywheel § will accordingly proceed
to run freely, and accelerate to high speed in re-
sponse to the continued flow of current of the
motor.. When the parallel current fiow through
coil 36 has\proceeded to the point where the heat
generated is sufficient to move contact 38 on bi-
metallic element 87 into engagement with con-
tacts 26, current will flow to solenoid 23, to move
the yoke extension 21, adapted to be actuated
by the said solenoid 23. This movement is com-
municated to the clutch member 12 to move the
latter into engagement with clutch member 13,
whereupon there is begun.the transmission of

resulting initial rotation of said motor and in-

© ertla member, to move said engine-engaging

member to engine-engaging position, and means

" responsive to continued flow of current to driv-
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driving torque from the now energized flywheel - ’

5 to the now engaged pinion 1.

When the engine has been started by the
torque thus transmitted to the engine member
(not shown), the resulting acceleration of the
pinion T to a speed beyond that of the starter

driven shaft 8 causes the pinion to be reversely

threaded back to the position indicated in Fig.
1. Meanwhile the release of the switch 27 per-
mits the contact element 87 to cool off, where~
upon switch 26 is unbridged, and spring 18 acts
to return the clutch member 12 to the dlsen-
gaged position (shown).

By the use of this novel clutch control the
driven member of the starter may be engaged
 with the engine member without any danger of

injury to the teeth of the engaging® jaws, and
the energy stored in the flywheel may there-
after be transmitted to the driven member—
that is, after the latter has become engaged
with the engine member. However, under fa-
vorable conditions, as in summer weather, when
starting may be accomplished with the exertion
of comparatively little energy, it is possible to
convert the unit into a direct-cranking starter
by manually throwing arm 21 to apply full pres-
sure to clutch 13, 12 at the out-set, rather than
waiting for the flywheel § to be first accelerated.
This possibility increases. the usefulness of the
invention.

It will be obvious that the invention is not '

limited to the form shown in the drawing, but is
capable of a variety of mechanical embodiments.
Various changes, which will now appear to those
skilled in the art, may be made in the form, de-
tails ‘of construction, and arrangement of the
parts without departing from the spirit of the
invention, and reference is therefore to be had
to the appended claims 'for a deﬁmtlon of the
limits of the invention.

What is claimed is:

1. In combination with an engine starting in-
ertia member rotatable to high speed to store
energy, an engine-engaging member operable by
said inertia member, means for rotating the
inertia member, said means comprising a source
of current, an electric motor, and a circuit from
said source to said motor, means responsive to
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ably connect said inertia member with said en-
gine-engaging member, for transmission thereto
of the energy stored in said inertia, member.

" 2. In combination with an engine starting in-~
ertia member rotatable to high speed fo store
energy, an engine-engaging member operable by
said inertia member, means for rotating the in-
ertia member, . said means comprising a source
of current, an electric motor, and a circuit from
sald source to said motor, means responsive to

initial flow of current from said source, and the -

resulting initial rotation of said motor and in-
ertia member, to move . said engine-engaging
member to engine-engaging position, and de-
layed action means for causing torque trans-
mission to said engine-engaging member from
said inertia member only after the latter has ac-
celerated to.a predetermined degree.

3. In combination with an engine starting inu-
ertia member rotatable to high speed to store
energy, an engine-engaging member operable by
said inertia member, means for rotating the in-
ertia member, said means comprising a source
of current, an electric motor, and a circuit from
said source to said motor, means responsive to
initial flow of current from said source, and the
resulting initial rotation of said motor and in-
ertia member, to move said engine-engaging
member to engine-engaging position, and de-
layed action means for causing torque trans-
mission to said engine-engaging member from
said inertia member only after the engine-en-
gaging member has moved into full engine-en-
gaging position :

4. In combination with an englne starting in-
ertia member rotatable to high speed to store
energy, an engine-engaging member operable by
said inertia member, and heat responsive means
for causing torque transmission to said engine-
engaging member from said inertia member oniy
after the latter has been energized for a period
of time sufficient for said heat responsive means

. to become heated to a predetermined degree.
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initial flow of current from said source, and the -

5. In combination with an engine starting in-
ertia member rotatable to high speed to store
energy, an engine-engaging member operable by
said inertia member, means for moving said en-

_ gine-engaging member to engine-engaging posi-

tion, and heat responsive means for causing

torque transmission to said engine-engaging -

member from said inertia member only after the
latter has been energized for a period of time
sufficient for said heat responsive means to be-
come heated to an operative degree.

6. In combination with an engine starting in-
ertia member rotatable to high speed to store

.energy, an engine-engaging member operable

by said inertia member, means for moving said
engine-engaging member to engine-engaging po-
sition, and heat responsive means for causing

torque transmission to said engine-engaging:

member from said inertia member, only after
the engine-engaging member has moved mto ful]
engine-engaging position
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