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An engine starting and stopping device for an internal
combustion engine includes an energy storing mechanism
having at least one elastic member such as a spring, an input
element engageable with the elastic member and movable
during engine coast down to load the elastic member, and an
output element that is movable in response to the energy
storing mechanism. The output element is movable in
response to the energy storing mechanism as the elastic
member unloads from the loaded state, to thereby move
a rotatable member (i.e., a crankshaft and/or flywheel) of
the engine during starting of the engine. An input control
device is also provided for positioning the input element
into engagement with the rotatable member of the engine
such that rotation of the rotatable member moves the input
element to load the elastic member during engine coast down
and also to brake the engine.
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WO 0026531 PCT/US99/23046

STARTING AND STOPPING DEVICE
FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION
The present invention relates generally to an

internal combustion engine. The present invention also
relates to a device and method for starting the
internal combustion engine, and, more specifically, to
an engine starting device that is capable of storing
energy in an elastic member and then releasing the
energy to start the engihe. The present invention also
relates to a device and method for stopping the
internal combustion engine or, at least, for absorbing
energy of the engine upon shutdown. The engine
starting device is particularly adapted for use with
small internal combustion engines such as those
provided on power lawn mowers, generators, Snow
blowers, garden tractors, and other machinery.

Small internal combustion engines have been
equipped with manually operable recoil starters which
include a central shaft, a rope pulley rotatable about
the central shaft, retractable clutches or dogs
connected to the rope pulley and a starter rope wrapped
around the rope pulley. The starter rope may be pulled
to rotate the rope pulley in a starting direction, such
that the dogs engage the flywheel, and the flywheel and
the crankshaft are also rotated in a starting
direction. The engine is then driven through a number
of revolutions sufficient for starting.

Although recoil starters of the type described
above are commonly used with small internal combustion
engines, there are certain disadvantages inherent in
their operation. For example, the operator must
possess a sufficient amount of strength and manual
dexterity to pull the starter rope to rotate the
flywheel and crankshaft. Under some conditions, the
operator may have to pull the starter rope several
times before the engine is successfully started. For
some operators, this is a mere inconvenience. For
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other operators, including the elderly and the
physically challenged, pulling a starter rope multiple
times may present a difficult task.

An alternative to recoil starters and other manual
starters are automatic starters which include a
battery-powered electric motor for driving the flywheel
through initial starting revolutions. Such a starter
may be actuated by merely activating an electrical
switch in the form of a push button or key device.
Although this concept provides an engine starting
device that is both easy to operate and generally
effective, the electric motor, the battery used to
power the motor, and associated components can add
weight and cost to an engine. For small internal
combustion engines such as those intended for use with
lawn mowers, generators, and like machines, adding even
a small amount of weight and cost to the engine can
negatively impact the market competitiveness of the
engine and/or the machine.

Another type of automatic starter is an engine
starting device that utilizes stored energy in a spring
to rotate the crankshaft and to start the engine. 1In
these engine starting devices a mechanism must be
provided to wind the spring. For example, U.S. Patent
No. 1,936,554, which is assigned to Briggs and Stratton
Corporation (the assignee of the present invention)
discloses an electric motor that is positioned adjacent
the spring and which may be operated to wind the
spring. It is also known to provide a manual crank
mechanism interconnected with the spring and operable
to wind the spring. Further, it is known to provide a
winding mechanism interconnected with the crankshaft
that is operable to wind the spring during normal
engine running conditions.

PCT/US99/23046
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SUMMARY OF THE INVENTION
In an internal combustion engine having a
rotatable engine assembly or member, such as an
assembly comprising a crankshaft, flywheel and output
device (e.g., a cutting blade), the rotatable engine

member contains kinetic energy due to its angular
momentum after the engine ignition is shut-off by an
operator. In some applications, the angular momentum
is sufficient to move the rotatable engine member
through multiple revolutions. A general feature and
advantage of the present invention is a device or
mechanism for utilizing the energy inherent in a
rotatable or rotating engine member or assembly of a
small internal combustion engine after the operator
initiates shutdown of the engine (e.g., by operating a
switch in a magneto or battery ignition system). More
particularly, it is a feature and an advantage of the
invention to provide, in such a mechanism or device, an
engine starting device adapted for use with small
internal combustion engines, and alternatively, to
provide a machine that incorporates such an engine
starting device.

For purposes of description, the terms “shutdown"
and "shut-off" shall apply to the operation of a switch
in the ignition system or an equivalent mechanism to
turn the engine off. These terms shall also apply to
any operation that effects the same result. The term
"engine coast down" shall apply to the condition,
status, or phase of the engine and/or rotatable engine
member after engine "shutdown" or "shut-off" is
initiated, but before the rotatable engine member
ceases movement or rotation.

It is yet another feature and an advantage of the
invention to provide a mechanism for braking a
rotatable engine member upon engine shutdown, wherein
the energy of the rotatable engine member is absorbed
and/or stored by the braking mechanism.
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It should be noted that, in the United States and
other countries, a device is required on lawn mowing
machines for arresting the rotation of the cutting
blade within a specific time period after the operator
initiates engine shutdown. Typically, the cutting
blade is connected to the crankshaft such that it stops
rotating at the same time that the engine stops
reciprocating. Accordingly, a brake mechanism may be
applied to the flywheel during engine shutdown to
arrest rotation of the cutting blade. The braking
mechanism of the present invention is also adapted for
such an application.

In one aspect of the invention, the engine
starting device includes an energy storing mechanism,
an input element, and an output element. The energy
storing mechanism includes at least one elastic member.
The input element is engageable with the elastic member
and movable during engine coast down to load the
elastic member to a loaded state (e.g., by compressing,
stretching, or flexing the elastic member). The output
element is movable in response to the energy storing
mechanism as the elastic member unloads from the loaded
state. 1In this way, the output element moves or
rotates the rotatable engine member in a starting
direction, thereby driving the engine through initial
engine revolutions sufficient for starting.

The engine starting device may also include an
input control device for positioning the input element
in engagement with the rotatable engine member such
that the input element is movable by the rotatable
engine member to load the elastic member. In one
embodiment, the input element includes a rotatable
input member (e.g., a friction roller or gear) movable
by the input control device between a first position
and a second position. In the first position, the
rotatable input member is rotatably engageable with the
rotatable engine member. The input member may be
adapted to engage different portions of the rotatable
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engine member including the crankshaft, the flywheel, a
ring gear attached to the flywheel, or a starter-type
cup interconnected with the crankshaft. When disposed
in the second position, the rotatable input member is
rotatably disengaged from the rotatable engine member.
Further, the engine may be equipped with an engine
control device actuable to initiate shutdown of the
engine. In this case, the input control device may be
operatively connected with the engine control device
such that the input control device is actuated to
position the input element in engagement with the
rotatable engine member whenever the engine control
device is actuated.

In one particular embodiment of the invention, the
input control device includes a manual actuator (e.g.,
a push button or deadman bail handle), a control cable,
a pivotable housing supporting the input element, and a
control cable and lever interconnecting the manual
actuator with the pivotable housing. The input control
device may also be interconnected with an ignition
system grounding or shut-off switch. Upon actuation of
the manual actuator, the pivotable housing is pivoted
toward the rotatable engine member such that the input
element rotatably engages a portion of the rotatable
engine member (e.g., the flywheel or a ring gear
attached to the flywheel).

The energy storing mechanism may also include a
drive member engageable with the elastic member. The
drive member is movable in a first direction by the
input element to load the elastic member and movable by
the elastic member in a second direction, as the
elastic member unloads from the loaded state, to move
the output element. Preferably, the drive member is a
rotatable member such as a shaft, a rotatable housing,
or an annular member rotatably mounted about a shaft.
In one embodiment, the drive member includes a
rotatable shaft portion or hub having a rotational axis
and the output element is mounted for rotation about
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the rotational axis. In another embodiment, the drive
member and the elastic member are spaced axially from
the crankshaft and the flywheel, whereby the rotational
axis of the drive member is disposed substantially
coincidental with a rotational axis of the flywheel or

crankshaft.

The engine starting device may also include

unidirectional transmission means (e.g., a clutch
assembly or a combination helix shaft and axially-
movable pinion gear) for rotatably engaging the output
element with the rotatable engine member. When the
drive member rotates in the second direction, the

transmission means allows for the output element to be

driven and to rotate the rotatable engine member in the

starting direction. However, when the drive member

rotates in the first direction, the output element and

the rotatable engine assembly are rotatably disengaged.
In one particular embodiment of the invention, the

engine includes a recoil starter having a recoil

spring, a recoil pulley operatively connected with the

recoil spring, and a central driving element (e.g., a
starter hub) rotatable in a driving direction by the
recoil pulley to drive the rotatable engine member in

the starting direction. A drive member of the engine

starting device is mounted about the central driving
element and rotatable by the elastic member to drive
the central driving element in the driving direction.
The elastic member may include at least one
windable spring disposed about and/or interconnected

with a drive member. In alternative embodiments, the

elastic member can have different configurations (e.gq.,

a compressible spring) or may be formed from other

elastic materials (e.g., rubber or synthetic material).
In one embodiment, the energy storing mechanism
includes a housing mounted for rotation (e.g., about
the crankshaft or a drive shaft of a recoil starter)
and the elastic member is substantially disposed within

the housing.

One portion of the elastic member is
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interconnected with the housing while another portion
is interconnected with the support member (i.e., a
stationary flange).

In one particular embodiment of the invention, the
engine starting device includes a rotatable input
element, a rotatable output element, a manually
releasable locking mechanism, an input control device,
and an energy storing mechanism having an elastic
member. The energy storing mechanism also has a
rotatable drive member that is interconnected with the
elastic member. The drive member is rotatable in a
first direction to wind the elastic member to a loaded
state and rotatable in a second direction by the
elastic member as the elastic member unwinds from the
loaded state. The rotatable input element is provided
to engage with the drive member and to rotate the drive
member in the first direction. The input control
device is operable to position the input element in
rotational engagement with the rotatable engine member
during engine coast down such that the drive member is
rotatable by the input element in the first direction.
Further, the rotatable output element is rotatable in
at least one output direction by the drive member when
the drive member is rotated in the second direction.
Rotation of the output element in the output direction
results in the rotatable engine member being rotated in
the starting direction.

Finally, the manually releasable locking mechanism
is engageable with the energy storing mechanism to
prevent the elastic member from unloading from the
loaded state and rotating the output element. The
locking mechanism may include a manual actuator
remotely disposed from the engine and operable to
release the locking mechanism and to initiate unloading
of the elastic member from the loaded state. In one
form of the invention, the locking mechanism includes a
pawl member and a movable member (e.g., a ratchet
wheel) interconnected with the energy storing
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mechanism. The movable member is equipped with a
ratchet surface and the pawl member is adapted to
engage the ratchet surface and to restrain movement of
the movable member. A manually-operable key device may
be provided for locking the pawl member in an engaged
position with respect to the movable member.

A braking mechanism according to the invention
geherally includes an energy absorbing mechanism, an
input element, and an input control device. The enerqgy
absorbing mechanism includes at least one elastic
member and the input element is engageable with the
elastic member and movable to load the elastic member
to a loaded state. The input control device is
actuable to position the input element into engagement
with the rotatable engine member such that rotation of
the rotatable engine member moves the input element to
load the elastic member.

A manually operated machine according to the
invention generally includes an internal combustion
engine having a rotatable engine member, a manually
actuable engine control device for initiating shutdown
of the engine (e.g., by operating a bail handle, push
button, or safety stop switch for the ignition system),
and an engine starting device. The engine starting
device includes an energy storing mechanism having at
least one elastic member, an input element that is
movable to load the elastic member to a loaded state,
and an output element movable in response to the energy
storing mechanism as the elastic member unloads from
its loaded state. Also provided is an input control
device for positioning the input element into
engagement with the rotatable engine member. When the
engine control device is actuated to initiate shutdown
of the engine, the input element is then movable to
load the elastic member.

Another feature of the invention is a means for
preventing the input element from further loading the
elastic member after the elastic member is loaded past
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a predetermined loaded state. If the elastic member
includes a windable spring or band, the preventing
means functions to prevent overwinding of the spring or
band. 1In one form, the preventing means includes a
slip clutch assembly operatively positioned between the
input element and the elastic member. In another form,
the preventing means includes a frictional brake
engageable with the drive member or another component
of the energy storing mechanism or energy absorbing
mechanism.

Another feature and an advantage of the present
invention is to provide an engine starting device that
is simple in construction and easy to operate.

Yet another feature and advantage of the present
invention is to provide an engine starting device that
is lightweight and does not add considerable cost to
the overall cost of the engine.

Yet another feature and advantage of the present
invention is an engine starting device that is
particularly adapted for retrofitting onto an existing

small internal combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a lawnmowing
machine embodying the invention and incorporating an
internal combustion engine and an engine starting
device, according to the present invention.

FIG. 2 is a perspective view of an engine starting
device according to the present invention.

FIG. 3A is an exploded view of portions of the
engine starting device.

FIG. 3B is an exploded view of additional portions
of the engine starting device including a power spring
and a spring casing.

FIG. 3C is an alternate perspective view of
portions of the engine starting device in FIG. 3A,

including a spur gear.
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FIG. 3D is an exploded view of an assembly of the
engine starting device in FIG. 3B including a spring
shaft.

FIG. 4 is a side cross-sectional view of the
engine starting device.

FIG. 5 is a magnified view of a portion of the
engine starting device in FIG. 4.

FIG. 6 is a top cross-sectional view through line
6-6 of FIG. 5. '

FIG. 7 is a bottom cross-sectional view through
line 7-7 of FIG. 5.

FIG. 8 is a top cross-sectional view through line
8-8 of FIG. 4.

FIG. 9 is a partial top cross-sectional view
through line 9-9 of FIG. 4.

FIG. 10 is a partial vertical cross-sectional view
of the engine starting device through line 10-10 of
FIG. 9.

FIG. 11 is a top cross-sectional view of the
engine starting device in the winding position.

FIG. 12 is a top cross-sectional view of the
engine starting device in the unwinding position.

FIG. 13 is a perspective view of an engine
starting device that incorporates an engine shut-off
system, according to the invention.

FIG. 14 is a bottom perspective of the engine
shut-off system including a safety stop switch.

FIG. 15 is a top cross-sectional view of the
engine starting device in FIG. 13 with the safety stop
switch in an inoperative position and a spring locking
mechanism in the disengaged and unlocked position.

FIG. 16 is a top cross-sectional view of the
engine starting device in FIG. 13 with the safety stop
switch in the operative position and the spring locking
mechanism in the engaged and unlocked position.

FIG. 17 is a top cross-sectional view of the
engine starting device in FIG. 13 with the spring
locking mechanism in the locked position.
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FIG. 18 is a sectional view through line 18-18

in FIG. 17.

FIG. 19 is a side view through line 19-19 in

FIG. 15.

FIG. 20 is a top cross-sectional view of a second

embodiment of the invention.
FIG. 21 is a top cross-sectional view of the
engine starting device of FIG. 20 in the unwinding

position.

FIG. 22 is a side cross-sectional view through
line 22-22 of FIG. 20.
FIG. 23 is a side cross-sectional view through

line 23-23 of FIG. 20.
FIG. 24 is a side cross-sectional view of a third

embodiment of the invention.
FIG. 25 is a top cross-sectional view through line

25-25 of FIG.

24.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a lawnmowing machine or lawnmower

10 incorporating an internal combustion engine 12 and a
device 14 for automatically starting the engine 12.
Each of the lawnmower 10, the internal combustion
engine 12, and the engine starting device 14 includes

an embodiment of the present invention.

The lawnmower 10 has a deck 16 and a handle
assembly 18 extending outwardly and upwardly from the
deck 16. The handle assembly 18 has a lower end 20
that is mounted to the deck 16 and an upper or handle
end 22 positioned above the deck 16 at a location which

facilitates handling of the lawnmower 10 by an
operator. The operator may control movement of the
lawnmower 10 by manipulating the handle assembly 18.
The internal combustion engine 12 is mounted on the
deck 16. The engine 12 is of the vertical shaft type
and includes many components which are of conventional

construction.

Most of these engine components,
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however, are substantially enclosed by an engine
housing 24 and, thus, not shown in FIG. 1.

In addition to the engine starting device 14, the
lawnmower 10 in FIG. 1 is equipped with a recoil
starter (not shown) that is mounted above a flywheel 26
(see flywheel 26 in FIG. 2). A shroud 28 is mounted
over the recoil starter and a pull cord 30 operatively
connected to the recoil starter extends outwardly
through the shroud 28. When the pull cord 30 is not
used, a handle end 32 of the pull cord 30 is rested on
a cord mount 34 located near the upper end 22 of the
handle assembly 18.

It should first be noted that although the engine
starting device 14 embodying the invention is
particularly adapted for use with a lawnmower 10, the
engine starting device 14 may also be incorporated with
various other manually operable outdoor power equipment
and machinery, including, but not limited to, hand held
lawn and garden machinery, snow blowers, and
generators. Accordingly, the present invention is not
limited to the lawnmower 10 or the engine 12 depicted
in the drawings and described herein. For one having
ordinary skill in the art, it will become apparent from
the drawings and the description how the engine
starting device 14 may be adapted for use with various
types of machinery and/or various types of engines.

Referring again to FIG. 1, an engine control
device in the form of an elongated deadman handle or
bail handle 36 is interconnected with the upper end 22
of the handle assembly 18. The bail handle 36 is
pivotally supported about two pivot pins 38 located on
the handle assembly 18 and is biased for rotation in a
direction away from the upper end 22. When the upper
end 22 of the handle assembly 18 and the bail handle 36
are gripped together by the operator, the bail handle
36 is pivoted downwardly about the two pivot pins 38
and can then be held in a starting or run position
adjacent the upper end 22. Upon release of the bail

PCT/US99/23046
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handle 36, the bail handle 36 automatically rotates
toward a shutdown position as shown in FIG. 1. As is
known in the prior art, release of the bail handle 36
will initiate shutdown of the engine 12 by disabling
ignition to the engine and/or the activation of a
brake.

A manual actuator in the form of a push button 40
is mounted to the handle assembly 18 at a location
preferably adjacent one of the pivot pins 38 for the
bail handle 36. The push button 40 is operatively
interconnected with the bail handle 36. As will be
explained below, the operator may actuate the engine
starting device 14 to start the engine 12 by depressing
the push button 40 and, while the push button 40 is
depressed, pivoting the bail handle 36 downward to the
starting position. Thus, the engine starting device 14
may be operated only upon the operator employing two
separate motions, i.e., depressing (and holding) the
push button 40, and pivoting the bail handle 36
downward. In alternative embodiments, the bail handle
36 may be replaced by one or more push button devices,
lever mechanisms, or other types of manual actuator.
Such modifications will become apparent to one skilled
in the art to whom the detail description and drawings
provided herein are disclosed.

FIG. 2 depicts a close-up view of the engine
starting device 14 mounted on the engine housing 24 and
positioned adjacent a set of outer teeth 42 of a ring
gear 44. The ring gear 44 is part of the flywheel 26
and both components are rotatably mounted on a
crankshaft (not shown) of the engine 12. When the
flywheel 26 is rotated in the clockwise direction, the
flywheel 26 rotates the crankshaft in the starting or
running direction and drives the engine 12 through
initial engine revolutions. As the engine 12 starts,
it begins to turn under its own power and can then
drive rotation of the crankshaft and the flywheel 26.
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For purposes of description, the crankshaft and
flywheel 26 may be referred to as a rotatable engine
member or assembly that rotates together under engine
running conditions. The rotatable engine assembly is
also rotatable in the starting direction to drive the
engine through initial starting revolutions. In
alternative applications of the invention, the
rotatable engine assembly may also include one or more
output devices (e.g., a lawnmower cutting blade).

Shutdown of the engine 12 is initiated upon
release of the bail handle 36. However, even after
engine shutdown, there is sufficient angular momentum
in the rotating engine member comprising the
crankshaft, flywheel 26 and other output devices (e.qg.,
lawnmower cutting blade) to continue to drive rotation
of the crankshaft and flywheel 26 through additional
revolutions. The condition characterized by such
additional rotation of the crankshaft and the flywheel
26 after the bail handle 36 is released (i.e., after
shutting off of the engine ignition) is commonly
referred to as engine coast down. It is known in the
prior art to use a flywheel brake device to directly
engage the flywheel 26 during engine coast down and to
quickly bring rotation of the crankshaft, the flywheel
26, and any output device to a halt. In one aspect of
the present invention, the engine starting device 14 is
employed as a braking mechanism and, in functioning as
such, absorbs and stores energy embodied in the
rotating crankshaft and flywheel 26 during engine coast
down. In alternative embodiments, the lawnmower 10 or
other machinery is equipped with both an engine
starting device 14 embodying the invention as well as a
conventional flywheel brake. 1In these applications,
the engine starting device 14 is used to assist the
flywheel brake in quickly terminating engine coast
down.

Referring now to FIGS. 2-4, the engine starting
device 14 is equipped with a spring casing 46, a spring
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drive member or spring shaft 48 supported vertically
and centrally through the spring casing 46, and an
elastic member in the form of a coiled metallic band or

power spring 50 engageable with the spring drive shaft
48 (see FIG. 4). A vertical central axis 52 extends
longitudinally through the spring shaft 48 and is
positioned in generally parallel relation with the
crankshaft (see e.g., FIG. 3B). The spring shaft 48
extends upwardly from the spring casing 46 and through

a pivotable housing 54 that is supported above the

spring casing 46 (see FIG. 2).

As will be explained below, the pivotable housing
54 is pivotally supported for rocking motion about the

central axis 52. The pivotable housing 54 retains a
rotatable shaft assembly or input assembly 56 (see FIG.
3D) that is engageable with the flywheel 26 during
engine coast down to effect winding of the power spring

50. The pivotable housing 54 also

transmission or drive assembly 58 (

retains a
see also FIG. 3A)

that is engageable with the input assembly 56 and

operatively positioned between the
and the spring shaft 48. Finally,

input assembly 56
the pivotable

housing 54 retains a rotatable output assembly 60 (see

FIG. 3A) that is selectively engageable with the ring
gear 44 to drive rotation of the flywheel 26 and to

initiate starting of the engine 12.

Each of these

assemblies 56, 58 and 60 and its operation will be

discussed in greater detail below.

It should be noted that the engine starting device
14 may be readily adapted to engage the flywheel 26
directly rather than through the ring gear 44. For
example, the rotatable output assembly 60 may be
adapted to mesh with the outer surface (e.g., cast

integral teeth) of the flywheel 26.
As best shown in FIG. 3B, the

comprises a cylindrical portion 62,

spring casing 46
a generally flat

bottom 64, and a casing top 66, which are joined

together by bolts 68 or the like.

The flat bottom 64
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is formed with two diametrically opposite flat flanges
70 and a central aperture 72 wherein a bearing 74 is
situated. The cylindrical portion 62 is formed with
two diametrically opposite vertical protrusions 76 that
define inwardly facing channels 78. In final assembly,
the cylindrical portion 62, the flat bottom 64, and the
casing top 66 are joined together by aligning the
channels 78 with the flat flanges 70 and bolt holes
(not shown) on the casing top 66, and extending the
bolts 68 therethrough.

The power spring 50 is preferably in the form of
an elongated, relatively wide metallic band of
stainless steel or carbon steel construction. 1In
several forms of the invention, the power spring 50 has
a width in the range of about one inch to three inches.
In one particular embodiment, the power spring 50 is
three inches wide and is capable of producing a
starting torque sufficient to rotate the engine 12
through seven or eight revolutions. It should be
noted, however, that the width, length and/or thickness
of the power spring 50 may be made larger or smaller.
Moreover, the elastic member may be in several
alternative forms, including a compressible spring or a
high strength resilient band made of rubber or a
synthetic material.

An outer edge or end 80 of the power spring 50 may
be folded into one of the channels 78, as shown in FIG.
3B (see also FIG. 8). The outer end 80 is then fixedly
secured by the bolt 68, and/or between the bolt 68 and
the vertical protrusion 76.

Referring to FIG. 3B, the power spring 50 has an
inside end or edge 82 that is generally positioned near
the center of the spring casing 46 and adjacent the
spring shaft 48 (see also FIG. 8). A broad arbor
portion 84 of the spring shaft 48 is positioned
centrally and vertically within the spring casing 46,
and is rotatably supported by the bearing 74 and a
flange bearing 86. An upper portion 88 of the spring
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shaft 48 is formed narrower than the lower arbor
portion 84 and extends upwardly through the pivotable
housing 54. In the embodiment depicted in the Figures,
the upper portion 88 of the spring shaft 48 has a
diameter preferably about 0.390 inches while the lower
arbor portion 84 has a diameter preferably about 0.620
inches. As best shown in the top cross-sectional view
of FIG. 8, a portion of the diameter of the lower arbor
portion 84 is cut out to form a vertically extending
eyelet 90, and the inside end 82 of the power spring 50
is formed into a full loop which can then be engaged or
hooked by the eyelet 90.

Applicants have found through extensive testing
that the "eyelet" type of spring to spring shaft
connection provides most favorable results. The
"eyelet" type of connection allows the spring 50 to
unhook from the spring shaft 48 once the power spring
50 has completely unloaded and allows the spring shaft
48 to continue to rotate without damage to the power
spring 50. In particular, the stresses and stress
concentrations effected on the power spring 50 during
winding and unwinding is minimized. As a result, the
embodiment shown in the Figures has been found to
successfully operate through thousands of cycles
(engine starts) without failure.

Referring again to FIG. 3B, the casing top 66 of
the spring casing 46 includes a deck surface 92 and two
mounting brackets 94 and 96 which extend generally
outwardly from the deck surface 92. The first mounting
bracket 94 is positioned adjacent a starter mount (not
shown) on the engine housing 24, while the second
mounting bracket 96 extends in a generally opposite
direction and is also secured to the engine housing 24.
The mounting brackets 94 and 96 support both the spring
casing 46 and the pivotable housing 54 adjacent the
engine housing 24 and adjacent the outer teeth 42 of
the ring gear 44. Further, the casing top 66 has a
forwardly extending stationary arm 98 equipped with a
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small eyelet 100. As will be explained below, the
pivotable housing 54 is biased via a return spring 102
fastened to the eyelet 100.

Referring to FIG. 3B, the deck surface 92 of the
casing top 66 includes a circular post 104 having a
vertical bore 106 that is positioned in co-axial
alignment with the central axis 52. A lower pivot
bracket 108 of the pivotable housing 54 is positioned
above the circular post 104 and has a bottom opening
110 that is axially aligned with the vertical bore 106.
Then, the flange bearing 86 is mounted concentrically
about the spring shaft 48 and extends upwardly through
the vertical bore 106 and the bottom opening 110 (see
FIGS. 3D and 4). The spring shaft 48 extends through
the flange bearing 86 and into the pivotable housing
54, and is spaced from the inside surface of the flange
bearing 86. The spring shaft 48 is, therefore, freely
rotatable within the flange bearing 86.

Referring to FIGS. 3A, 3B, and 4, the pivotable
housing 54 is formed by adjoining the lower pivot
bracket 108 with a corresponding upper pivot bracket
112. As best shown in FIG. 3B, the lower pivot bracket
108 has a generally flat deck 114 whereon the bottom
opening 110 is centrally located, and a relatively
short and upwardly extending outer perimeter wall 116.
A flange or lever arm 118 extends forwardly from the
perimeter wall 116 and is equipped with an aperture 120
for connecting a control cable 122, and an aperture 124
into which one end of the return spring 102 is secured.

Now referring to FIG. 3A, the upper pivot bracket
112 includes a downwardly extending outer wall 126, a
multi-level top section 128, and a lower flange section
130 extending from a portion of the outer wall 126.

The upper pivot bracket 112 also includes an upwardly
extending circular hub 132 with a bore or top opening
134 therethrough. The top opening 134 is disposed in
coaxial alignment with the bottom opening 110 on the
lower pivot bracket 108 and is positioned about the
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central axis 52. An upper shaft bearing 136 is
retained within the top opening 134 such that the upper
pivot bracket 112 frictionally engages the outer
surface of the upper shaft bearing 136. However, the
inside surface of the upper shaft bearing 136 is spaced
from the outer surface of the spring shaft 48, such
that the spring shaft 48 is freely rotatable within the
upper shaft bearing 136. Accordingly, the pivotable
housing 54 is supported for rotation or rocking motion
about the central axis 52 through free rotation of the
lower pivot bracket 108 about the outer surface of the
flange bearing 86 and free rotation of the upper shaft
bearing 136 about the outer surface of the spring shaft
48. Further, the spring shaft 48 extends through the
upper shaft bearing 136 and above the upper pivot
bracket 112. A retainer clip 138 is fastened to the
spring shaft 48 to retain the pivotable housing 54 to
the spring shaft 48.

Referring to the sectional view of FIG. 4, the
pivotable housing 54 has a section on the right side
wherein the input assembly 56 is disposed, and a
section on the left side wherein the output assembly 60
and the transmission assembly 58 are disposed. The
input assembly 56 includes an input shaft 140 rotatably
supported between the upper pivot bracket 112 and the
lower pivot bracket 108 and positioned in generally
parallel relation with the spring shaft 48. A friction
roller 142 is fixedly mounted to the input shaft 140
for rotation therewith. Referring more specifically to
FIG. 3A, the friction roller 142 preferably has a hard
metallic core 144 and an outer surface 146 preferably
formed of a rubber material. The friction roller 142
is positioned adjacent the outer surface of the
flywheel 26 (see FIG. 2) and, as will be explained
below, can be moved or rocked laterally with the
pivotable housing 54 to rotatably engage the flywheel
26.
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The input assembly 56 also includes an input gear
148 mounted on the input shaft 140 below the friction
roller 142. The input gear 148 is generally aligned
with and engages a spur gear or clutch gear 150 of the
transmission assembly 58. When the flywheel 26 rotates
the input shaft 140 through rotational engagement with
the friction roller 142, the input gear 148 rotatably
drives the clutch gear 150.

The clutch gear 150 is mounted around the spring
shaft 48 at an axial position above the flange bearing
86 (see e.g., FIGS. 4 and 5). As best shown in FIGS.
3A and 3C, the clutch gear 150 is formed with an upper
circular recess 152, a lower circular recess 154, and
four evenly spaced rivet holes 156 located radially
outward from the circular recesses 152, 154. A
circular upper clutch plate 158 is positioned within
the upper recess 152 and a lower clutch plate 160 is
positioned within the lower recess 154. The upper
clutch plate 158 has a central opening 162 that is
characterized by a circular outline (i.e., a "bowtie")
indented by two upwardly extending curved walls or cams
164 (see also FIG. 6). The two curved cams 164 are
spaced across from one another inside the central
opening 162 and have sidewall surfaces 166 that form
cam surfaces or engagement surfaces of the upper clutch
plate 158. Similarly, the lower clutch plate 160 has a
central opening 168, but the central opening 168 has a
flat star-shaped outline that forms a plurality of
internal engagement teeth 170.

In alternative embodiments, the central openings
162, 168 may be characterized by different outlines
defining different engagement surfaces or teeth
configurations. The design of these configurations is
partly determined by the unit loads transferred to the
clutch plates 158 and 160 and the material strengths.
In the embodiment shown in FIGS. 3A and 3C, the central
opening 168 is designed to provide a greater engagement
surface (and more engagement teeth 170) to further
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distribute the load and to minimize the stresses
effected on the lower clutch plate 160.

Referring specifically to FIG. 3C, the lower
recess 154 is formed with a center hub 172 and a pair
of recessed keyways 174 which extend radially outward
from diametrically opposed locations. The lower clutch
plate 160 is positioned within the lower recess 154 and
is located concentrically about the center hub 172.
Between the lower clutch plate 160 and the clutch gear
150, a belleville washer 176 and a wear plate 178 are
also disposed within the lower recess 154 (see FIG.
3A). Two outwardly extending flanges or keys 180 on
the wear plate 178 are received by the recessed keyways
174 and prevent the wear plate 178 from rotating. The
wear plate 178 also distributes the load from the
belleville washer 176 to the lower clutch plate 160.

In alternative embodiments, a wave washer or another
type of spring washer may be used in lieu of the
belleville washer 176.

Referring now to FIGS. 3A and 5, the transmission
assembly 58 further includes a ratchet wheel 182
disposed below the clutch gear 150. The ratchet wheel
182 has a central opening 184 and outer ratchet teeth
186. As shown in FIG. 5, the ratchet wheel 182 is
concentrically located about the flange bearing 86, and
the outer ratchet teeth 186 extend outward just below
the outer perimeter of the clutch gear 150.
Furthermore, a generally flat disc 188 having a set of
rivet holes 190 and a central opening 192 is positioned
within the upper circular recess 152 above the upper
clutch plate 158. Shoulder rivets 194 are extended.
through the holes 190, the clutch gear 150, and the
ratchet wheel 182 and locked to secure the components
of the transmission assembly 58. Accordingly, the
transmission assembly 58 comprises the following
components: the disc 188; the clutch gear 150; the wear
plate 178; the belleville washer 176; the ratchet wheel
182; and the upper and lower clutch plates 158, 160.
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These transmission assembly components normally rotate
together as a unit upon rotational engagement between
the clutch gear 150 and the input gear 148. In
alternative embodiments, the transmission assembly 58
may be secured by using bolts, screws or similar
conventional securing means.

Now referring to FIGS. 3D and 7 as well as FIG. 5,
a driving clutch element 196 is fixedly mounted on the
spring shaft 48 at a location directly above the flange
bearing 86. As depicted in the top view of FIG. 7, the
clutch element 196 has a star-shaped form which
corresponds with the star-shaped outline of the central
opening 168 of the lower clutch plate 160 and is
rotatably engageable with the engagement teeth 170 of
the lower clutch plate 160. When the clutch gear 150
is rotated in the clockwise direction by the input gear
148, the lower clutch plate 160 drives the clutch
element 196 to rotatably drive the spring shaft 48 in a
clockwise direction, thereby winding the power spring
50. As the power spring 50 is wound through a
predetermined number of revolutions, increased
resistance effected by the power spring 50 causes the
engagement between the lower clutch plate 160 and the
clutch gear 150 to slip and the transmission assembly
58 to become disengaged from the spring shaft 48. As a
result, rotation of the spring shaft 48 stops and the
power spring 50 is prevented from overwinding.

Now referring to FIGS. 3A and 4, the output
assembly 60 includes a helix shaft 198 mounted on the
spring shaft 48 between the upper recess 152 of the
clutch gear 150 and the upper pivot bracket 112. The
helix shaft 198 is formed with a spiral groove or track
200 that extends axially upward in the clockwise
direction and terminates at a shaft head 202 positioned
adjacent the bottom surface of the upper pivot bracket
112. The cams 164 of the upper clutch plate 158 extend
upwardly and engage a bottom portion 204 of the helix
shaft 198 (see FIG. 5). As best shown in FIG. 6, the
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bottom portion 204 has a form or configuration that
corresponds with the outline of the central opening 162
of the upper clutch plate 158 and is, therefore,
positively engageable with the cam surfaces 166 of the
upper clutch plate 158.

The output assembly 60 further includes a pinion
gear 206 positioned above the disc 188 and mounted for
axial and rotational movement about the helix shaft
198. The pinion gear 206 has a set of outer teeth 208
and a raised central hub 210 with a central opening
(see FIG. 3A). The inside surface of the central
opening is defined by a spiral groove or track 212 that
corresponds with and is engageable with the track 200
of the helix shaft 198. Accordingly, when the helix
shaft 198 rotates in the counterclockwise direction
with the spring shaft 48, the pinion gear 206 rotates
axially upward about the helix shaft 198.

When the pinion gear 206 reaches the shaft head
202, axial travel of the pinion gear 206 stops and the
helix shaft 198 preferably drives the pinion gear 206
in the same rotational plane as the ring gear 44. The
outer teeth 208 of the pinion gear 206 then mesh with
the outer teeth 42 of the ring gear 44 and rotatably
drive the ring gear 44 and the flywheel 26 in the
clockwise or starting direction. At this stage of
operation, the pinion gear 206 is referred to as being
in the top or engaged position (as shown in dash lines
in FIG. 4). However, as the engine 12 picks up
starting speed, the outer teeth 42 of the ring gear 44
overrun and then drive the outer teeth 208 of the
pinion gear 206, thereby spinning the pinion gear 206
axially downward about the helix shaft 198. The pinion
gear 206 is then returned to a bottom or disengaged
position above the transmission assembly 58 (as shown
by solid lines in FIG. 4).

Although the helix shaft 198 is mounted for
rotation with the spring shaft 48, frictional
engagement between the upper clutch plate 158 and the
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bottom portion 204 of the helix shaft 198 allows the
helix shaft 198 to slip relative to the spring shaft 48
when the helix shaft 198 rotatably drives the pinion
gear 206 into initial engagement with the ring gear 44.
However, after initial engine rotation (wherein high
loads are encountered by the output assembly 60), the
frictional engagement between the upper clutch plate
158 and the helix shaft 198 ensures that the helix
shaft 198 does not slip. Thus, the engine 12 continues
to rotate and the pinion gear 206 drives the ring gear
44 through starting.

It should also be noted that the spiral track 200
of the helix shaft 198 prevents the pinion gear 206
from travelling axially upward about the helix shaft
198 when the spring shaft 48 rotates in the clockwise
direction (i.e., when the power spring 50 is being
wound or loaded). Thus, the output assembly 60 is
operable to rotatably drive the ring gear 44 only when
the spring shaft 48 is rotated in the counterclockwise
direction.

FIGS. 1-19 illustrate a first embodiment of a
spring locking mechanism according to the invention.
The spring locking mechanism may be actuated to prevent
the power spring 50 from unwinding and rotating the
spring shaft 48. Further, a manually-operable key
device may be actuated to lock the spring locking
mechanism in the engaged position, to prevent
inadvertent release and unwinding of the power spring
50. There are two versions of the key device, as
described below.

Referring first to FIG. 3B, the spring locking
mechanism of the first embodiment includes a pawl 214
mounted for limited rotation about a stationary screw
216 and secured between the screw 216 and a torsional
spring 218. The torsional spring 218 is also
concentrically mounted about the screw 216, and the
screw 216 secures both the torsional spring 218 and the
pawl 214 to the stationary deck surface 92 of the
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casing top 66. An elongated slot 220 provided on the
lower pivot bracket 108 is configured to allow the
screw 216 to extend downwardly to the deck surface 92,
but to allow the pawl 214 to be located above the lower
pivot bracket 108. As will be described below, the
slot 220 is also shaped to allow the pivotable housing
54 to pivot or rock without the screw 216 hindering its
travel.

The pawl 214 has a circular pivot end or first end
222 through which the screw 216 extends and a curved
second end 224 that defines a cam surface 226.

Further, the torsional spring 218 has a first end 228
that is secured to the deck surface 92 and a second end
230 that engages the pawl 214. The torsional spring
218 functions to bias the pawl 214 in the clockwise
direction into engagement with the ratchet wheel 182.
In an engaged position of the pawl 214, the cam surface
226 of the pawl 214 engages and locks onto the outer
ratchet teeth 186 of the ratchet wheel 182. The plan
view of FIG. 11 depicts the pawl 214 disposed in the
engaged position.

When the pawl 214 is disposed in the engaged
position, the pawl 214 prevents the ratchet wheel 182
from rotating in the counterclockwise direction. The
spring shaft 48 is also prevented from rotating in the
counterclockwise direction and, in this manner, the
power spring 50 is prevented from unwinding and
rotatably driving the spring shaft 48. However,
because the pawl 214 and outer ratchet teeth 186 are
shaped such that the pawl 214 can only engage one side
of the outer ratchet teeth 186, the ratchet wheel 182
is not prevented from rotating in the clockwise
direction. Accordingly, even when the pawl 214 is in
the engaged position, the power spring 50 may be wound
upon clockwise rotation of the clutch gear 150.

As mentioned above, there are two versions of the
key device. The first version of the key device is
illustrated in FIGS. 1-12, and the second version of
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the key device is illustrated in FIGS. 13-19. The
first version of the key device is described below, and
then the second version is explained.

The first version of the key device includes a
removable key handle 232, a key rod 234, and a
rotatable cam 236. The key handle 232 further includes
a downwardly extending post 238 (FIG.10) having a
vertical bore or keyway 240 through its bottom surface.
The keyway 240 and, thus, the key handle 232, is
engageable with a key post 242 that extends upwardly
from the key rod 234. Through engagement of the keyway
240 and key post 242, the key rod 234 is rotatable upon
rotation of the key handle 232. Moreover, the
rotatable cam 236 is rotatable upon rotation of the key
handle 232.

As shown in FIG. 10, the key rod 234 is supported
in a key support aperture 244 located on a support
bracket 246 that extends from the engine housing 24.
The key handle post 238 of the key handle 232 is
insertable into the key support aperture 244 to engage
the key post 242 and to allow for manual operation of
the rotatable cam 236. However, the key handle 232 may
be removed from the key support aperture 244. When
this is done, the key rod 234 and the rotatable cam 236
are rendered manually inoperable.

Referring to FIGS. 9 and 10, an elongated key rod
slot 248 is formed on the lower flange section 130 of
the upper pivotable bracket 112 so that the key rod 234
can extend into and through the lower pivot bracket
108. The key rod slot 248 is also shaped to allow the
pivotable housing 54 to slide past the key rod 234 when
the pivotable housing 54 is moved by the control cable
122, as will be described below.

As depicted in FIG. 9, the rotatable cam 236 has
an extended cam portion 250 and a back portion 252
offset from the extended cam portion 250. The
rotatable cam 236 may be rotated in the counter-
clockwise direction such that the extended cam portion
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250 engages the second end 224 of the pawl 214 and the
back portion 252 frictionally engages the outer wall
116 of the lower pivotable bracket 108. In this
position, the rotatable cam 236 prevents the pawl 214
from disengaging the ratchet wheel 182 and the power
spring 50 from inadvertently unwinding. FIG. 9 depicts
the pawl 214 disposed in the engaged position and the
rotatable cam 236 of the key device disposed in the
locked position. '

FIG. 11 depicts the rotatable cam 236 rotated
clockwise from the locked position to a disengaged or
unlocked position. When the rotatable cam 236 is in
the disengaged position, it no longer engages the pawl
214. The pawl 214 is, therefore, releasable to
disengage from the ratchet wheel 182 and to effect the
unwinding of the power spring 50. Further, as
illustrated in FIGS. 11 and 12, the pivotable housing
54 is movable in the clockwise direction by pulling the
control cable 122. 1In FIG. 11, the rotatable cam 236
is positioned adjacent the bottom portion of the key
rod slot 248 (as shown in the plan view of FIG. 11),
but as the pivotable housing 54 is rocked in the
clockwise direction, the top portion of the key rod
slot 248 moves closer to the rotatable cam 236. The
pivotable housing 54 slides past the stationary screw
216 and key rod 234 (as shown in FIG. 12). An upwardly
extending boss 254 (FIGS. 3B and 4)is provided in the
lower pivot bracket 108, and serves as a lower bearing
for the input shaft 140. The boss 254 disengages the
pawl 214 from the ratchet wheel 182 as the pivotable
housing 54 is rocked in the clockwise direction.

Referring to FIG. 2, a third mounting bracket 256
extends from the engine housing 24 and includes an
aperture (not shown) wherein a cable mount 258 is
supported. The cable mount 258 supports one end of a
cable casing 260 that houses the axially-movable
control cable 122 (e.g., a bowden cable). The control
cable 122 is interconnected with and movable by the
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push button device 40 and/or the bail handle 36. The
control cable 122 extends from the cable mount 258 and
engages the aperture 120 on the lever arm 118. Now
referring to FIGS. 9 and 12, the control cable 122 may
be moved inwardly or outwardly (by actuating the push
button device and/or the bail handle 36) to move the
lever arm 118 and to move the pivotable housing 54 in a
rocking motion.

Referring to the top views of FIGS. 11 and 12, the
return spring 102 interconnects lever arm 118 with the
stationary arm 98 and biases the pivotable housing 54
in the counterclockwise direction. When the bail
handle 36 is released to initiate shutdown of the
engine 12, the return spring 102 rocks the pivotable
housing 54 in the counterclockwise direction and into a
position referred to as the winding position.

In the winding position illustrated in FIGS. 9-11,
the friction roller 142 rotatably engages the flywheel
26 and is thereby rotated in the counterclockwise
direction. As a result, the input gear 148 and input
shaft 140 also rotate in the counterclockwise direction
and the input gear 148 rotates the clutch gear 150 and
the rest of the transmission assembly 58 in the
clockwise direction. The transmission assembly 58 then
rotates the spring shaft 48 in the clockwise direction
which effects winding of the power spring 50. When
engine coast down ends, the pawl 214 engages and
interlocks the ratchet wheel 182 thereby preventing
counterclockwise rotation of the spring shaft 48 and
unwinding of the power spring 50.

When the push button 40 is depressed and the bail
handle 36 is pivoted downward, the control cable 122
rocks the pivotable housing 54 in the clockwise
direction and into a position referred to as the
unwinding or starting position, illustrated in FIG. 12.
In the unwinding position of the pivotable housing 54,
the friction roller 142 is moved away from, and
rotatably disengages, the flywheel 26. Continued
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clockwise motion of the pivotable housing 54 causes the
boss 254 to contact and disengage the pawl 214 from the
ratchet wheel 182. The power spring 50 can then unwind
to rotate the spring shaft 48 and the helix shaft 198
in the counterclockwise direction. 1In response, the
pinion gear 206 moves axially upward about the helix
shaft 198 and rotatably engages the ring gear 44 to
rotate the ring gear 44 and the flywheel 26 in the
clockwise or starting direction. The engine 12 is then
driven through initial starting revolutions sufficient
to start the engine 12. Finally, when the engine 12
starts and picks up speed, the ring gear 44 spins the
pinion gear 206 downward about the helix shaft 198 to
its disengaged position.

The second version of the key device, illustrated
in FIGS. 13-19, operates in a manner similar to the
first version of the key device (i.e., to lock the pawl
214 in engagement with the ratchet wheel 182). This
version is particularly applicable to engine
applications wherein the key rod 234 cannot be located
close to the pawl 214.

The second version of the key device includes
several features not present in the first version of
the key device. As illustrated in FIG. 13, these
additional features include: a stationary support plate
262; a pivot link 264; a sliding member 266; and a cam
post 268. The stationary support plate 262 is mounted
on the casing top 66 below the lower pivot bracket 108,
and, in this version of the key device, provides a
pivotal mounting point for the pivot link 264. 1In this
version, the stationary support plate 262 also provides
the stationary arm 98 for attachment of the return
spring 102.

The pivot link 264 is pivotally mounted on the
stationary support plate 262, and is directly operable
by the key rod 234. The pivot link 264 is pinned to
one end of the sliding member 266. The sliding member
extends between the stationary support plate 262 and
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the lower pivot bracket 108. The cam post 268 is
secured to the opposite end of the sliding member 266,
and extends downwardly through a guide slot 270 in the
stationary support plate 262, and upwardly through a
window in the lower pivot bracket 108. Rotation of the
pivot link 264 by the key rod 234 causes the sliding
member 266 and cam post 268 to move between the
positions shown in FIGS. 15 and 17.

FIG. 17 depicts the second version of the key
device in the locked position, wherein the pivot link
264 has been rotated in the counterclockwise direction
so that the cam post 268 engages the pawl 214. 1In this
position, the cam post 268 prevents the pawl 214 from
disengaging from the ratchet wheel 182 and the power
spring 50 from unwinding.

FIGS. 15 and 16 depict the second version of the
key device in the unlocked position, wherein the key
handle 232 and pivot link 264 have been turned in the
clockwise direction. As a result, the cam post 268
slides along the guide slot 270 and moves away from the
pawl 214. 1In Fig. 16, the pawl, though unlocked, is
still engaged with the ratchet wheel 182. 1In Fig. 15,
the pawl 214 is disengaged from the ratchet wheel 182
by movement of the pivotable housing 54.

Also illustrated in FIGS. 13-19 is an apparatus
and a system for shutting off the engine 12 by
grounding the ignition system circuit of the engine 12
upon a particular occurrence. Although not illustrated
in the other Figures, it is understood that all
embodiments of the invention include an engine shut off
system. It should also be noted that the lower and
upper pivot brackets 108, 112 and other structural
components of the engine starting device 14 are
preferably formed from a metallic, electrically-
conductive material.

The illustrated engine shut-off system functions
in a manner described in U.S. Patent Nos. 4,971,001,
5,040,644, and 5,086,890 (all of which are assigned to
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Briggs and Stratton Corporation and herein incorporated
by reference). More specifically, as illustrated in
FIGS. 14 and 19, a safety stop switch 272 is fixedly
mounted on the bottom surface of the stationary support
plate 262. The safety stop switch 272 includes a
flexible terminal 274 and a ground contactor 276.

The flexible terminal 274 is electrically
connected with a conductor wire 278 leading to the
primary winding of the ignition system (not shown).

The ground contactor 276 is disposed adjacent the outer
periphery of the support plate 262 and extends above
the top surface of the support plate 262. A
horizontally extending contact tab 280 extends outward
from the lower pivot bracket 108 beyond the support
plate 262 and is movable with the lower pivot bracket
108.

As illustrated in FIG. 15, when the lower pivotal
bracket 108 is rotated to unlock the pawl 214, the
ground contactor 276 is separated from the contact tab
280 such that the ignition system is operable. As
illustrated in FIG. 16, when the bail handle 36 is
released, the lower pivotal bracket 108 is rotated to
lock the pawl 214, also causing the contact tab 280 to
engage the ground contactor 276 and ground the stop
switch 272. 1In this condition, the ignition system is
grounded and the engine 12 cannot run.

Referring to FIGS. 14, 16, and 17, a tab stop 282
is provided on the lower pivot bracket 108, and extends
downwardly therefrom. When the second version of the
key device is used to move the sliding member 266 from
the unlocked position shown in FIGS. 15 and 16 to the
locked position shown in FIG. 17, the sliding member
266 engages the tab stop 282 (see also FIG. 18). This
action rotates the lower pivot bracket 108 clockwise to
rotatably disengage the friction roller 142 from the
flywheel 26. The contact tab 280 is wide enough to
allow enough rotation of the lower pivot bracket 108 to
disengage the friction roller 142 from the flywheel 26,
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while remaining in contact with the ground contactor
276 to ground the ignition system.

Several versions of the engine shut-off system
other than that illustrated may be used. For example,
one version may ground the ignition system of the
engine upon release of an actuator such as the bail
handle 36. Alternatively, the ignition systems and
engine shut-off systems described and illustrated in
U.S. Patent Nos. 4,971,001, 5,040,644, and 5,086,890
may be directly incorporated into this invention.

In alternative embodiments to that shown in FIGS.
1-19 and described above, the engine starting device
may be equipped with two or more spring casings each
retaining a power spring. The power springs may be
operated in series to rotate a spring shaft. Also, a
plurality of power springs may be retained in a spring
casing. More particularly, three one inch wide power
springs may be disposed on one another and have inside
ends interconnected with, or secured by, the same
spring shaft. These three springs would then operate
in parallel and produce a starting torque comparable to
one three inch power spring.

In one aspect of the invention, the engine
starting device 14 may be easily adapted onto an
existing internal combustion engine 12. For example,
the engine 12 depicted in FIGS. 1-19 was previously
equipped with an electric starter mounted adjacent the
engine housing 24. The battery, alternator, flywheel
brake, wiring, and electric starter were removed, and
the engine starting device 14 was inserted and mounted
in the same location where the electric starter was
previously mounted. Moreover, the pinion gear 206 and
helix shaft 198 depicted in the drawings of the engine
starting device 14 are identical to those used in the.
electric starter assembly.

It should also be noted that the input assembly 56
of the engine starting device 14 depicted in FIGS. 1-19
may be readily substituted with alternative forms of an
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input assembly. For example, a battery and an electric
motor having a rotatable drive may be selectively
operable to engage the clutch gear 150. Alternatively,
such a battery and an electric motor having a rotatable
drive may be provided as a backup input device to the
input assembly 56.

FIGS. 20-23 depict a second engine starting device
embodying the invention and applied to a second
internal combustion engine 313 having a vertical
crankshaft 315. Certain components of the engine
starting device are mounted between a flywheel 317 and
an engine housing 319. 1In particular, a power spring
321 is interconnected with the bottom of the flywheel
317 and utilized to drive the engine 313 through
initial starting revolutions. Accordingly, the engine
starting device of FIGS. 20-23 may be referred to as an
under-the-flywheel version of the engine starting
device according to the invention.

Now referring to FIGS. 22 and 23, the engine
starting device has an input means or input assembly
323 that includes a pinion shaft 325 and an idler shaft
327 mounted within a pivotable housing 329. The two
shafts 325, 327 are generally positioned to the side of
the flywheel 317 and in generally parallel relation
with the crankshaft 315. A friction roller 331 is
fixedly mounted onto the pinion shaft 325 at a position
where it can be moved laterally into rotational
engagement with the flywheel 317 (see also FIG. 20).

Further, a torque limiting clutch assembly 333 is
mounted below the friction roller 331 and operatively
positioned between the pinion shaft 325 and the
friction roller 331. The clutch assembly 333 includes
a clutch plate 335, a clutch housing 341, a plate 337,
a driving element 339, and a compression spring (not
shown). The clutch assembly 333 functions in a manner
similar to that described above with respect to the
transmission assembly 58 of the first embodiment of the
engine starting device 14. Upon a predetermined
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increase in spring resistance, the clutch assembly 333

functions to prevent overwinding of the power spring
321. In one particular embodiment of the invention,
the clutch assembly 333 is rated at about fifteen inch-

pounds maximum.

A lower pinion gear 343 is fixedly mounted on the
pinion shaft 325 below the friction roller 331 and at a
generally intermediate position on the pinion shaft

325. The idler shaft 327 is mounted in generally
parallel relation to the pinion shaft 325 and carries
an idler gear 345 and a ratchet wheel 347 having a set
of outer teeth 349. The ratchet wheel is fixedly
mounted to the idler shaft 327 below the idler gear
345. The lower pinion gear 343 shares a rotational
plane with the idler gear 345 and is rotatably engaged
with the idler gear 345 to rotate the idler gear 345
and the idler shaft 327 upon rotational engagement of
the friction roller 331 with the flywheel 317.

Now referring to FIGS. 20 and 23, the pivotable
housing 329 is mounted adjacent the engine housing 319

and is formed by an upper pivot bracket 351 and a lower

pivot bracket 353. The upper and lower pivot brackets
351, 353 have left end walls 35la, 353a, respectively,
and right end walls 351b, 353b, respectively. The
right end walls 351b, 353b are mated and secured
together via a pair of right flanges 359 and the left
end walls 35la, 353a are mated and secured together via
a pair of matching left flanges 361. As best shown in
FIG. 20, the pivotable housing 329 is supported on a
mounting plate 363 that is attached to the engine
housing 319 and extends therefrom. The mounting plate
363 is a generally flat plate and includes an outer
portion 365 that extends between the upper pivot
bracket 351 and the lower pivot bracket 353.

Referring specifically to FIG. 23, the outer
portion 365 is provided with a first mounting post 367
and a boss or second mounting post 369 formed with a

bearing 371.

The idler shaft 327 has a top end 327a
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supported on the upper pivot bracket 351, a lower end
327b supported on the lower pivot bracket 353. 1In
between, the idler shaft 327 is rotatably supported in
the bearing 371. Accordingly, while the idler shaft
327 is rotatable within the bearing 371, the entire
pivotable housing 329 is pivotable about a longitudinal
axis 373 of the idler shaft 327 through rotational
engagement between the idler shaft 327 and the bearing
371. '

Referring specifically to FIGS. 20 and 23, the
engine starting device is further equipped with a pawl
377 having a cam surface 379 and a torsional spring
(not shown) mounted on the first mounting post 367 and
engaging the pawl 377. The pawl 377 is biased so that
the cam surface 379 engages the outer teeth 349 of the
ratchet wheel 347 and prevents the idler shaft 327 from
rotating in the counterclockwise direction. Moreover,
a peninsular plate 383 is mounted between the left
flanges 361 and extends outwardly therefrom and
underneath the pawl 377. A bump pin 385 extends
upwardly from the peninsular plate 383 and is
engageable with the pawl 377 to disengage the pawl 377
from the ratchet wheel 347.

Now referring to FIGS. 20 and 21, a bent end 391
of a control cable 389 engages an eyelet 387 formed in
the right flanges 359. The control cable 389 is
axially movable within a control cable casing 395 that
is mountably supported in a cable mount 397. The
control cable 389 may be interconnected with a manual
control system (not shown) remotely disposed from the
engine housing 319 for moving the pivotable housing
329. In several embodiments, the control cable 389 is
interconnected with a manual actuator such as a bail
handle, lever, or push button remotely located from the
engine 313.

The control cable 389 may be operated to rock the
pivotable housing 329 about the idler shaft 327, and to
cause the friction roller 331 to rotatably engage or
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disengage the flywheel 317. FIG. 20 depicts the
pivotable housing 329 in the engaged or winding
condition, i.e., during engine coast down. The
friction roller 331 meshes with the flywheel 317 such
that clockwise rotation of the flywheel 317 rotates the
friction roller 331 and the pinion shaft 325 in the
counterclockwise direction. As a result, the lower
pinion gear 343 rotates the idler gear 345 in the
clockwise direction.

FIG. 21 depicts the pivotable housing 329 in the
disengaged position, wherein the control cable 389 has
been used to move the pivotable housing 329 outward
such that the friction roller 331 no longer meshes with
the flywheel 317. When the pivotable housing 329 is
rocked away from the flywheel 317, the bump pin 385
engages the pawl 377 and forcibly disengages the pawl
377 from the ratchet wheel 347 such that the idler
shaft 327 can then rotate in the counterclockwise
direction.

Now referring to FIGS. 22 and 23, the input
assembly 323 is rotatably engageable with a
transmission or drive means that includes a main gear
399 mounted about the crankshaft 315. The idler gear
345 meshes with the main gear 399 such that, when the
pawl 377 engages and interlocks with the ratchet wheel
347, the main gear 399 is also interlocked. Referring
to FIG. 22, the main gear 399 is mounted about a drive
coupling 401, and a spring arbor 405 is mounted
concentrically about a portion of the coupling 401.

The spring arbor 405 includes a projection (not shown)
onto which an inside end 415 of the power spring 321 is
engageable.

The power spring 321 is mounted within a drive
housing or spring housing 407 having a horizontal upper
cover 409 and an open bottom. The spring housing 407
also has a circumferential outer wall 411 that
surrounds and encloses an outer end 413 of the power
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spring 321. The outer end 413 of the power spring 321
is fixedly connected to the spring housing 407.

When the main gear 399 is rotated in the
counterclockwise direction by the idler gear 345, the
spring arbor 405 is rotated to wind the power spring
321. When the pawl 377 engages and interlocks the
ratchet wheel 347, the wound power spring 321 is
prevented from unwinding.

Referring to both FIGS. 20 and 22, a spring output
means or output element includes a unidirectional
clutch assembly 403 mounted about the crankshaft 315
and positioned above the spring arbor 405 and the main
gear 399. The clutch assembly 403 includes a ratchet
417, a clutch housing 419, a clutch cover 421, and
clutch balls 423. The ratchet 417 is fixedly mounted
to the spring arbor 405 and is, therefore, rotatable
with the arbor 405 and with the coupling 401. Thus,
the ratchet 417 is rotatably driven by the main gear
399 in the counterclockwise direction when the main
gear 399 is rotated by the input assembly 323.
Conversely, the ratchet 417 rotates with the arbor 405
in the clockwise direction when the power spring 321 is
unwinding.

The ratchet 417 includes a plurality of
evenly-spaced projections or cams 425 which are
inclined in one side and recessed in an opposite side.
The clutch housing 419 is mounted concentrically about
the ratchet 417 and is fixedly interconnected with the
crankshaft 315 through the flywheel 317. The clutch
housing 419 defines a generally cup-shaped recess 427
wherein the clutch balls 423 are maintained, and
pockets 429 in the recess 427 which are located
radially outward from the ratchet 417. Finally, the
clutch cover 421 extends from the periphery of the
clutch housing 419 to the ratchet 417 to enclose the
recess 427. As will be explained below, the ratchet
417 is rotatable at a certain speed range in the
clockwise or starting direction to rotatably drive the
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clutch housing 419, but is inoperative to rotatably
drive the clutch housing 419 in the reverse or
counterclockwise direction.

The clutch housing 419 further includes a
plurality of radially inwardly facing cam surfaces 431
against which the clutch balls 423 can be wedgingly
engaged by the cams 425 of the ratchet 417. Engagement
of the clutch assembly 403 takes place when a cam 425
of the ratchet 417 wedges a clutch ball 423 against an
adjacent cam surface 431 (as shown in FIG. 21). Such
engagement is effected when the power spring 321 is
allowed to unwind and rotatably drive the spring arbor
405 and the ratchet 417 in the clockwise direction.

The clutch assembly 403 then rotatably drives the
flywheel 317 and crankshaft 315 in the clockwise or
starting direction to drive the engine 313 through
initial starting revolutions.

As the engine 313 begins to turn over under its
own power and reaches running speeds, sufficient
centrifugal force acts on the clutch balls 423 to throw
the clutch balls 423 outward into the pockets 429 and
away from the cams 425. As a result, the ratchet 417
overruns the clutch housing 419 and the clutch assembly
403 is, thereby, rotatably disengaged from the flywheel
317.

FIG. 20 depicts the engine starting device in the
winding condition. As described previously, the
winding condition may be effected upon operation of a
manual actuator, such as a bail handle or push button
that is interconnected with the control cable 389
(e.g., release of the bail handle). A return spring
433 is attached between the right flanges 359 and the
engine housing 319 and biases the pivotable housing 329
toward the flywheel 317. Upon release of the control
cable 389, force of the return spring 433 rocks the
pivotable housing 329 about the idler shaft 327 and
inwardly toward the flywheel 317 until the friction
roller 331 rotatably engages the flywheel 317, as the
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flywheel 317 rotates in the clockwise or starting
direction (i.e., during engine coast-down). Further,
the idler gear 345 rotates the main gear 399 in the
counterclockwise direction, thereby winding the power
spring 321. The ratchet 417 of the clutch assembly 403
also rotates in the counterclockwise direction;
however, the cams 425 allow the ratchet 417 to pass
over the clutch balls 423 when the clutch balls 423 are
engaged between the cams 425 and the cam surfaces 431.
Thus, the clutch assembly 403 is rotatably disengaged
from the flywheel 317,

When the power spring 321 is wound to a
predetermined number of revolutions, the clutch
assembly 333 is actuated so that the friction roller
331 is disengaged from the pinion shaft 325. When this
occurs, rotation of the flywheel 317 no longer effects
rotation of the main gear 399 and further winding of
the power spring 321. Accordingly, the clutch assembly
333 prevents overwinding of the power spring 321.

When shutdown of the engine 313 is initiated
(e.g., through release of a bail handle), a flywheel
brake assembly (not shown) engages the flywheel 317 to
stop rotation of the flywheel 317. The control cable
389 may be interconnected with the flywheel brake
assembly such that, upon release of a manual actuator
(not shown), both the flywheel brake assembly and the
input assembly 323 of the engine starting device are
activated. In this respect, the engine starting device
assists in braking the flywheel 317 by absorbing the
angular momentum of the flywheel 317 and crankshaft
during engine coast down with the power spring 321. 1In
further embodiments, the flywheel brake assembly may be
eliminated such that the engine starting device
provides the sole braking mechanism for the flywheel
317, crankshaft 315, and other output device.

FIGS. 24 and 25 depict a third engine starting
device according to the invention and applied to an
internal combustion engine 521 having a vertical
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crankshaft 525. The engine starting device is mounted
between a conventional recoil starter 513 and a
flywheel 515 rotatably supported on an input end 527 of
the crankshaft 525. 1In this regard, the engine
starting device may be referred to as an
over-the-flywheel version of the engine starting device
according to the invention.

Referring to FIG. 24, the engine 521 includes a
lower shroud 517 that surrounds the engine starting
device and the flywheel 515, and an upper housing 519
that substantially covers the recoil starter 513. The
recoil starter 513 includes a recoil spool or pulley
529 rotatably mounted about a drive member or drive
shaft 531 through a clutch assembly 533. Further, a
downwardly extending starter hub 535 is rotatably
mounted about the drive shaft 531 between the clutch
assembly 533 and the drive shaft 531.

The recoil pulley 529 is formed with an upwardly
facing groove or recess 537 around the clutch assembly
533 wherein a recoil spring 539 is contained. The
recoil spring 539 is fastened to a downwardly extending
stationary flange 543 on one end and then to the recoil
pulley 529 on an opposite end. Further, the recoil
pulley 529 is equipped with a perimeter groove wherein
a coiled starter rope 547 is retained. The starter
rope 547 extends through an opening (not shown) in the
upper housing 519, and is equipped with a handle end
(not shown) that may be pulled by an operator to rotate
the recoil pulley 529 in the clockwise direction.

The starter hub 535 extends downwardly about the
drive shaft 531 and includes a radially extended lower
hub portion 551 disposed below the recoil pulley 529.
An operator block 553 is bolt-mounted but frictionally
rotatable to the bottom of the drive shaft 531 and
adjacent the lower hub portion 551. As is
conventional, a plurality of spring-biased clutch dogs
555 are pivotably housed within the lower hub portion
551 and adjacent the operator block 553. When the
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recoil pulley 529 is rotated in the clockwise direction
by pulling the starter rope 547, the clutch dogs 555
are pivoted radially outward by the operator block 553.

Disposed below the operator block 553, an annular
starter cup 557 is rotatably mounted to the input end
527 of the crankshaft 525 and above the flywheel 515.
The starter cup 557 extends radially and upwardly from
the input end 527 and includes an outer rim portion 559
that surrounds the lower hub portion 551 and the
operator block 553. The starter cup 557 is provided
with substantially radially extending abutment surfaces
561 on the inside of the outer rim portion 559. When
the clutch dogs 555 are pivoted radially outward (i.e.,
by pulling starter rope 547), the clutch dogs 555
engage the abutment surfaces 561 to rotatably engage
the starter cup 557.

The engine 521 may be started by pulling the
starter rope 547 to rotate the recoil pulley 529 in the
clockwise direction and to rotatably drive the starter
hub 535. The clutch dogs 555 rotatably drive the
starter cup 557 in the clockwise direction and the
starter cup 557 drives the crankshaft 525, also in the
clockwise direction, to start the engine 521.

Referring to both FIGS. 24 and 25, the engine
starting device includes an annular drive housing 567
("spring housing"). The spring housing 567 is mounted
about the lower hub portion 551 of the starter hub 535
through a unidirectional clutch assembly 569. The
spring housing 567 includes an outer perimeter wall 571
that forms, in conjunction with a downwardly extending
stationary support flange 579, an annular casing
wherein a power spring 575 is retained. The power
spring 575 or alternative elastic member is preferably
formed from a metallic band about one inch wide. As
best shown in FIG. 25, an inner end or edge 577 of the
power spring 575 is engageable with the stationary
flange 579, while an outer end 581 of the power spring
575 is fixed to the outer wall 571 of the spring
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housing 567. 1In an alternative embodiment, the inner
end 577 may be looped to engage the stationary flange
579 via an eyelet, as in the first embodiment of the
invention (e.g., see FIG. 8).

The power spring 575 may be wound by rotating the
spring housing 567 in the counterclockwise direction.
The unidirectional clutch assembly 569 is designed to
allow the spring housing 567 to rotatably engage the
starter hub 535 when the spring housing 567 rotates in
the clockwise direction but not when the spring housing
567 rotates in the counterclockwise direction.

The spring housing 567 includes a circumferential
flange 583 that extends downwardly from the outer wall
571 and is formed with an inwardly facing tapered
surface 585. A friction roller 587 is disposed
adjacent the spring housing 567. The friction roller
587 also has a tapered outer surface 589 that is
preferably formed from a rubber material and a core 591
that may be formed from a metallic or plastic material.
The friction roller 587 is rotatably mounted on a shaft
593 that is attached to a lever arm 549. The lever arm
549 may be interconnected with a control assembly (not
shown) remotely disposed from the engine 521, and
operable to manipulate the lever arm 549 to move the
friction roller 587 upwardly or downwardly relative to
the spring housing 567.

The engine starting device also includes a rewind
cup 601 that is rotatably mounted onto the input end
527 of the crankshaft 525. As shown in FIG. 24, the
rewind cup 601 extends radially and upwardly outside of
the starter cup 557, and includes a substantially
axially extending tapered surface 603. The tapered
surface 603 mirrors the tapered surface 585 of the
spring housing 567 and forms a wedge shaped recess 621
therebetween.

The rewind cup 601 is rotated by the crankshaft
525 in the clockwise direction during engine running
conditions and during engine coast down. During engine
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coast down, the friction roller 587 is moved upwardly
into engagement with both the rewind cup tapered
surface 603 and the spring housing tapered surface 585.
Accordingly, the rewind cup 601 rotates the friction
roller 587 in the counterclockwise direction and the
friction roller 587 rotates the spring housing 567 in
the counterclockwise direction. As a result, the
crankshaft 525 indirectly winds the power spring 575 as
the crankshaft 525 rotates during engine coast down.

Now referring to FIG. 25, the engine starting
device includes a spring actuated brake assembly 607
extending through an opening 605 in the lower shroud
517 and mounted adjacent the outer wall 571 of the
spring housing 567. The brake assembly 607 includes a
pivotable bracket 609 mounted upon a pivot post 623 and
engaging a torsion spring 613. The torsion spring 613
functions to bias the bracket 609 radially inward
toward the outer wall 571 of the spring housing 567.
The brake assembly 607 also includes an arcuate shaped
shoe 615 that is frictionally engageable with the outer
wall 571 and a control cable 619 that is connected with
a lever arm 617 of the bracket 609.

In one form of the invention, the control cable
619 is operatively interconnected with a dead man
handle (not shown). When the dead man handle is
depressed, the control cable 619 pivots the bracket 609
outwardly to pull the shoe 615 away from the outer wall
571. Conversely, when the dead man handle is released,
the torsion spring 613 pivots the bracket 609 inwardly

~such that the shoe 615 frictionally engages the outer

wall 571. As a result, the brake assembly 607 resists
and stops clockwise rotation of the spring housing 567.
When the dead man handle is released, the friction
roller 587 moves into engagement between the spring _
rewind cup 601 and the spring housing 567, at about the
same time that the brake assembly 607 engages the outer
wall 571 of the spring housing 567. In this way, the
engine starting device also acts as a brake mechanism
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for the flywheel 515, crankshaft 525 and engine 521.
In alternative embodiments, the engine starting device
is designed to operate such that the friction roller
587 first interconnects the spring rewind cup 601 and
the spring housing 567 before the brake assembly 607
engages the outer wall 571 of the spring housing 567.
This delay ensures full winding of the power spring
575, but the actuation of the brake assembly is timed
such that the power spring is prevented from
overwinding.

To subsequently start the engine 521, the dead man
handle is depressed so that the brake assembly 607 and
the friction roller 587 are removed from their
respective frictionally engaging positions. As a
result, the stored energy of the wound power spring 575
is released to rotate the spring housing 567 in the
clockwise or starting direction (designated by arrows
YY in FIG. 25). Further, the spring housing 567 drives
the unidirectional clutch assembly 569 and rotates the
starter hub 535 also in the clockwise or starting
direction YY. Further yet, clockwise rotation of the
starter hub 535 rotatably drives the starter cup 557
through engagement by the clutch dogs 555, thereby
rotating the crankshaft 525 in the starting or
clockwise direction.

In an alternative version of this engine starting
device embodiment, the energy stored in the wound power
spring 575 may be used as a power assist to the recoil
starter pulley 529. The wound power spring 575 may be
set for release upon an increase in the force exerted
in the starter rope 547. More particularly, when the
force in the starter rope 547 drops below a
pfedetermined level, the brake assembly 607 may be
reapplied to stop the spring housing 567, in which
case, the energy remaining in the power spring 575 can
be used for additional starting attempts.

While several embodiments of the present invention

have been shown and described above, alternate
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embodiments will be apparent to those skilled in the

art and are within the intended scope of the present

invention. Therefore, the invention is to be limited
only by the following claims.



10

15

20

25

30

35

WO 00/26531
-46-
What is claimed is:
1. An engine starting device for an internal

combustion engine, the engine having a rotatable engine
member that is rotatable to start the engine, said
engine starting device comprising:

an energy storing mechanism including at
least one elastic member;

an input element engageable with said elastic
member and movable during engine coast down to load
said elastic member; and

an output element that is movable in response

to unloading of said elastic member.

2. The engine starting device of claim 1,
further comprising:
an input control device that positions said
input element into engagement with the rotatable engine

member.

3. The engine starting device of claim 2,
wherein said input element includes an input member
movable by said input control device between a first
position and a second position, said input member being
engageable with the rotatable engine member when
disposed in said first position, and said input member
being disengaged from the rotatable engine member when

disposed in said second position.

4. The engine starting device of claim 2,
further comprising an engine control device that is
operatively connected to the engine and actuable to
initiate shutdown of the engine, said input control
device positioning said input element into engagement
with said rotatable engine member in response to
operation of said engine control device.
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5. The engine starting device of claim 2,
further comprising:
an ignition system shut-off switch adapted to
shut off the engine in response to said input control
device positioning said input element into engagement

with said rotatable engine member.

6. The engine starting device of claim 1,
further comprising:
a locking mechanism engageable with said
energy storing mechanism to prevent said elastic member

from unloading from a loaded state.

7. The engine starting device of claim 6,
further comprising:
a key device movable to engage said locking
mechanism when said locking mechanism is positioned in

engagement with said energy storing mechanism.

8. The engine starting device of claim 6,
further comprising an actuator remotely disposed from
the engine, said locking mechanism disengaging said
energy storing mechanism in response to actuation of

said actuator.

9. The engine starting device of claim 1,
wherein said energy storing mechanism includes a drive
member engageable with said elastic member, said drive
member being movable in a first direction to load said
elastic member and movable in a second direction in
response to unloading of said elastic member.
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10. The engine starting device of claim 9,
wherein said input element includes an input member
movable between a first position in which said input
member is engageable with the rotatable engine member
and said drive member, and a second position in which
said input member is disengaged from at least one of
the rotatable engine member and said drive member.

11. The engine starting device of claim 9,
wherein said drive member is rotatable in said first

and second directions.

12. The engine starting device of claim 9,
further comprising:
unidirectional transmission means for driving
said output element in response to movement of said
drive member in said second direction.

13. The engine starting device of claim 9,
wherein said drive member is interconnected with said
elastic member, said elastic member being disposed
about said drive member.

14, The engine starting device of claim 9,
wherein said drive member is rotatable about a
rotational axis in said first and second directions,
and wherein said output element is mounted for rotation

about said rotational axis.

15. The engine starting device of claim 9,
wherein said drive member includes an annular member
mounted about a portion of the rotatable engine member.
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16. The engine starting device of claim 9,
wherein the engine includes a recoil starter having a
central driving element and a recoil pulley, the
central driving element being movable in a driving
direction in response to movement of the recoil pulley
to drive the rotatable engine member in a starting
direction, and wherein said drive member is mounted
substantially about the central driving element and
movable by said elastic member in said second direction
to drive the central driving element in said driving

direction.

17. The engine starting device of claim 9,
wherein the rotatable engine member includes a flywheel
having a rotational axis, said drive member being
spaced axially from the flywheel and having a
rotational axis that is substantially coincidental with

the rotational axis of the flywheel.

18. The engine starting device of claim 1,
wherein said elastic member includes at least one

spring.

19. The engine starting device of claim 18,
wherein said energy storing mechanism includes a drive
member engageable with said spring, said spring being
positioned about a portion of said drive member, and
wherein said drive member is rotatable in a first
direction to load said elastic member and rotatable in
a second direction in response to unloading of said

elastic member.

20. The engine starting device of claim 1,
wherein said energy storing mechanism includes a
housing, said elastic member being substantially
disposed within said housing and having one portion
engageable with said housing.
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21. The engine starting device of claim 1,
wherein the rotatable engine member includes a
flywheel, said energy storing mechanism being spaced
axially from the flywheel.

22. The engine starting device of claim 21,
wherein the flywheel has a flywheel rotational axis and
wherein said elastic member can be wound about a
longitudinal axis to load said elastic member, said
longitudinal axis being offset from said flywheel

rotational axis.

23. The engine starting device of claim 1,
further comprising:
a clutch assembly operable to limit the load
exerted by said input element on said elastic member
after said elastic member is loaded past a

predetermined loaded state.

24. The engine starting device of claim 1,
further comprising: \

a frictional brake engageable with said
energy storing mechanism to limit the load exerted by
said input element on said elastic member after said
elastic member is loaded past a predetermined loaded

state.
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25. An apparatus for braking a rotatable engine
member of an internal combustion engine, said apparatus
comprising:

an energy absorbing mechanism including at
least one elastic member;

an input element engageable with said elastic
member and movable during engine coast down to load
said elastic member; and

an input control device that positions said
input element into engagement with the rotatable engine

member.

26. The apparatus of claim 25, wherein the

rotatable engine member includes a crankshaft.

27. The apparatus of claim 25, wherein said input
element includes an input member movable by said input
control device between a first position and a second
position, said input member being engageable with the
rotatable engine member when disposed in said first
position and said input member being disengaged from
the rotatable engine member when disposed in said

second position.

28. The apparatus of claim 25, further
comprising an engine control device that is operatively
connected with the engine and actuable to initiate
shutdown of the engine, said input control device
positioning said input element into engagement with
said rotatable engine member in response to operation

of said engine control device.

29. The apparatus of claim 25, wherein said
elastic member includes at least one spring.
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30. The apparatus of claim 25, further
comprising:
an output element movable in response to
unloading of said elastic member.

31. The apparatus of claim 25, further
comprising:
a locking mechanism engageable with said
energy absorbing mechanism to prevent said elastic
member from unloading from a loaded state.

32. The apparatus of claim 25, wherein said
energy absorbing mechanism includes a drive member
engageable with said elastic member, said drive member
being movable in a first direction to load said elastic
member and movable in a second direction in response to

unloading of said elastic member.

33. The apparatus of claim 32, wherein said
input element includes an input member movable between
a first position in which said input member is
engageable with the rotatable engine member and said
drive member, and a second position in which said input
member is disengaged from at least one of the rotatable

engine member and said drive member.

34. The apparatus of claim 32, wherein said
drive member includes an annular member mounted about a

portion of the rotatable engine member.
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35. The apparatus of claim 32, wherein the
engine includes a recoil starter having a central
driving element and a recoil pulley, the central
driving element being movable in a driving direction in
response to movement of the recoil pulley to drive the
rotatable engine member in a starting direction, and
wherein said drive member is mounted substantially
about the central driving element and movable by said
elastic member in said second direction to drive the

central driving element in said driving direction.

36. The apparatus of claim 32, wherein said
elastic member includes at least one spring engageable
with said drive member, said spring being disposed

about a portion of said drive member.

37. The apparatus of claim 25, wherein said
energy absorbing mechanism includes a housing, said
elastic member being substantially disposed within said
housing and having one portion engageable with said

housing.

38. The apparatus of claim 25, wherein the
rotatable engine member includes a flywheel, said
energy absorbing device being spaced axially from the
flywheel.

39. The apparatus of claim 25, further
comprising:

a clutch assembly operable to limit the load
exerted by said input element on said elastic member
after said elastic member is loaded past a
predetermined loaded state.
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40. The apparatus of claim 25, further
comprising:

a frictional brake engageable with said
energy absorbing mechanism to limit the load exerted by
said input element on said elastic member after said
elastic member is loaded past a predetermined loaded

state.

41. An engine powered machine comprising:
an internal combustion engine having a
rotatable engine member that is rotated to start said
engine;
a manually actuable engine control device
that initiates shutdown of said engine; and
an engine starting device including
an energy storing mechanism having at
least one elastic member;
an input element movable to load said
elastic member;
an output element movable in response to
unloading of said elastic member; and
an input control device that positions

said input element into engagement with said rotatable

engine member.

42. The machine of claim 41, wherein said input
element includes an input member movable between a
first position in which said input member is engageable
with said rotatable engine member and said drive
member, and a second position in which said input
member is disengaged from at least one of said
rotatable engine member and said drive member.
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43. The machine of claim 41, wherein said engine
includes an ignition system, said machine further
comprising:

an ignition shut-off switch actuable to shut
off said engine in response to said input control
device positioning said input element into engagement

with said rotatable engine member.

44. The machine of claim 41, further comprising:
a locking mechanism engageable with said
energy storing mechanism to prevent said elastic member
from unloading from a loaded state.

45. The machine of claim 44, further comprising
an actuator remotely disposed from said engine, said
locking mechanism disengaging said energy storing
mechanism in response to actuation of said actuator.

46. The machine of claim 44, further comprising:
a key device movable to engage said locking
mechanism when said locking mechanism is positioned in

engagement with said energy storing mechanism.

47. The machine of claim 41, wherein said energy
storing mechanism includes a drive member engageable
with said elastic member, said drive member being
movable in a first direction to load said elastic
member and movable in a second direction in response to
unloading of said elastic member.

48. The machine of claim 47, further comprising:
unidirectional transmission means for driving
said output element in response to movement of said
drive member in said second direction.

PCT/US99/23046
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49, The machine of claim 47, wherein said drive
member is rotatable about a rotational axis in said
first and second directions, wherein said output
element is mounted for rotation about said rotational

axis.

50. The machine of claim 47, wherein said drive
member includes an annular member mounted about a
portion of said rotatable engine member.

51. The machine of claim 47, wherein said engine
includes a recoil starter having a central driving
element and a recoil pulley, said central driving
element being movable in a driving direction in
response to movement of said recoil pulley to drive
said rotatable engine member in a starting direction
and wherein said drive member is mounted substantially
about said central driving element and movable by said
elastic member in said second direction to drive said

central driving element in said driving direction.

52. The machine of claim 47, wherein said
elastic member includes at least one spring disposed
about a portion of said drive member.

53. The machine of claim 47, wherein said
rotatable engine member includes a flywheel rotatable
about a rotational axis, said drive member being spaced
axially from said flywheel and having an axis of
rotation that is substantially coincidental with said

rotational axis of said flywheel.

54. The machine of claim 41, wherein said energy
storing mechanism includes a housing, said elastic
member being substantially disposed within said housing
and having one portion engageable with said housing.
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55. The machine of claim 41, further comprising:
a clutch assembly operable to limit the load
exerted by said input element on said elastic member
after said elastic member is loaded past a
predetermined loaded state.

56. The engine starting device of claim 41,
further comprising:

a frictional brake engageable with said
energy storing mechanism to limit the load exerted by
said input element on said elastic member after said
elastic member is loaded past a predetermined loaded

state.

57. An engine starting device for an internal
combustion engine, the engine having a rotatable engine
member, said starting device comprising:

an energy storing mechanism including

at least one elastic member;

a drive member engageable with said elastic
member and movable in a first direction to load said
elastic member and movable in a second direction in
response to unloading of said elastic member;

an input element engageable with said drive
member to move said drive member in said first
direction;

an input control device that positions said
input element into engagement with the rotatable engine
member;

a locking mechanism engageable with said
energy storing mechanism to prevent said elastic member
from unloading; and

an output element movable in response to said

drive member moving in said second direction.

58. The engine starting device of claim 57,
wherein said elastic member includes at least one
spring disposed about a portion of said drive member.
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59. The engine starting device of claim 57,
further comprising an engine control device that is
operatively connected with the engine and is actuable
to shut down the engine, said input control device
positioning said input element into engagement with the
rotatable engine member in response to operation of the

engine control device.

60. The engine starting device of claim 57,
wherein the rotatable engine member includes a
crankshaft and wherein said drive member includes an
annular member disposed about the crankshaft.

61. The engine starting device of claim 57,
wherein said input element includes an input member
movable between a first position in which said input
member is engageable with the rotatable engine member
and said drive member, and a second position in which
said input member is disengaged from at least one of
the rotatable engine member and said drive member.

62. The engine starting device of claim 57,
further comprising:
unidirectional transmission means for driving
said output element in response to movement of said
drive member in said second direction.

63. The engine starting device of claim 57,
wherein the engine includes a recoil starter having a
recoil pulley and a central driving element, the
central driving element being rotatable in a driving
direction in response to movement of the recoil pulley
to drive the rotatable engine member in a starting
direction and wherein said drive member is mounted
substantially about the central driving element and
movable by said elastic member in said second direction
to drive the central driving element in the driving

direction.
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64. The engine starting device of claim 57,
wherein said drive member is spaced axially from a
flywheel, and has a rotational axis spaced
substantially coincidental with a rotational axis of
the flywheel.

65. The engine starting device of claim 57,
further comprising:
means for prevéenting said input element from
loading said elastic member after said elastic member
is loaded past a predetermined loaded state.

66. A method of starting an internal combustion
engine having a rotatable engine member that is
rotatable in a starting direction to start the engine,
said method comprising the steps of:

providing an energy storing mechanism that
includes at least one elastic member;

loading the elastic member during engine
coastdown by the interengagement of the rotatable
engine member and the energy storing mechanism; and

unloading the elastic member, after the
elastic member is loaded, such that the rotatable
engine member is rotated in the starting direction.

67. The method of claim 66, further comprising
the steps of:
providing an output element that is movable
by the energy storing mechanism to rotate the rotatable
engine member in the starting direction; and
positioning the output element in engagement
with the energy storing mechanism and with the

rotatable engine member.



10

15

20

25

WO 00/26531 PCT/US99/23046

-60-

68. The method of claim 66, further comprising
the steps of:
providing an input element that is engageable
with the energy storing mechanism and with the
rotatable engine member; and
positioning the input element in engagement
with the energy storing mechanism and with the

rotatable engine member.

69. The method of claim 68, wherein the
positioning step includes moving the input element from
a first position wherein the input element is
disengaged from the rotatable engine member, to a
second position wherein the input element is engageable

with the rotatable engine member.

70. The method of claim 66, wherein the
providing step includes providing a drive member that
is engageable with the elastic member,

wherein the loading step includes moving the
drive member in a first drive direction; and

wherein the unloading step includes moving
the drive member in a second drive direction in

response to unloading of the elastic member.
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71. The method of claim 70, wherein the loading
step includes rotating the drive member in the first
drive direction; and

wherein the unloading step includes rotating
the drive member in the second drive direction.

an input element engageable with said elastic
member and movable to load said elastic member;

an output element that is movable in response
to unloading of said elastic member; and

first and second manual actuators for
initiating unloading of said elastic member.

78. The engine starting device of claim 77,
wherein said first manual actuator includes a bail

handle.

79. The engine starting device of claim 78,
wherein said second manual actuator includes at least

one of a push button and a lever.

80. The engine starting device of claim 77,
further comprising an input control device that
positions said input element into engagement with the
rotatable engine member.

8l. The engine starting device of claim 80,
wherein said input element includes an input member
movable by said input control device between a first
position in which said input member is engageable with
the rotatable engine member and said drive member, and
a second position in which said input member is
disengaged from at least one of the rotatable engine
member and said drive member.
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82. The engine starting device of claim 80,
further comprising an engine control device that is
operatively connected to the engine and actuable to
initiate shutdown of the engine, said input control
device positioning said input element into engagement
with said rotatable engine member in response to
operation of said engine control device.

83. The engine starting device of claim 80,
further comprising:
an ignition system shut-off switch adapted to
shut off the engine in response to said input control
device positioning said input element into engagement

with said rotatable engine member.

84. The engine starting device of claim 77,
further comprising:
a locking mechanism engageable with said
energy storing mechanism to prevent said elastic member
from unloading from a loaded state.

85. The engine starting device of claim 84,
further comprising:
a key device movable to engage said locking
mechanism when said locking mechanism is positioned in
engagement with said energy storing mechanism.

86. The engine starting device of claim 84,
wherein one of said actuators is remotely disposed from
the engine, said locking mechanism disengaging said
energy storing mechanism in response to actuation of

said remotely-disposed actuator.
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87. The engine starting device of claim 77,
wherein said energy storing mechanism includes a drive
member engageable with said elastic member, said drive
member being movable in a first direction to load said
elastic member and movable in a second direction in

response to unloading of said elastic member.

88. The engine starting device of claim 87,
wherein said input element includes an input member
movable between a first position in which said input
member is engageable with the rotatable engine member
and said drive member, and a second position in which
said input member is disengaged from at least one of
the rotatable engine member and said drive member.

89. The engine starting device of claim 87,
wherein said drive member is rotatable in said first

and second directions.

90. The engine starting device of claim 87,
further comprising unidirectional transmission means
for driving said output element in response to movement

of said drive member in said second direction.

91. The engine starting device of claim 87,
wherein said drive member is engageable with said
elastic member, said elastic member being disposed
about a portion of said drive member.

92. The engine starting device of claim 87,
wherein said drive member is rotatable about a
rotational axis in said first and second directions,
and wherein said output element is mounted for rotation

about said rotational axis.

93. The engine starting device of claim 87,
wherein said drive member includes an annular member
mounted about a portion of the rotatable engine member.

PCT/US99/23046
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94. The engine starting device of claim 87,
wherein the engine includes a recoil starter having a
central driving element and a recoil pulley, the
central driving element being movable in a driving
direction in response to movement of the recoil pulley
to drive the rotatable engine member in a starting
direction, and wherein said drive member is mounted
substantially about the central driving element and
movable by said elastic member in said second direction
to drive the central driving element in said driving

direction.

95. The engine starting device of claim 87,
wherein the rotatable engine member includes a flywheel
rotatable about a rotational axis, said drive member
being spaced axially from the flywheel and having an
axis of rotation that is substantially coincidental
with the rotational axis of the flywheel.

96. The engine starting device of claim 77,
wherein said elastic member includes at least one

spring.

97. The engine starting device of claim 96,
wherein said energy storing mechanism includes a drive
member engageable with said spring, said spring being
positioned about a portion of said drive member, and
wherein said drive member is rotatable in a first
direction to load said elastic member and rotatable in
a second direction in response to unloading of said

elastic member.

98. The engine starting device of claim 77,
wherein said energy storing mechanism includes a
housing, said elastic member being substantially
disposed within said housing and having one portion
engageable with said housing.
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99. The engine starting device of claim 77,
wherein the rotatable engine member includes a
flywheel, said energy storing mechanism being spaced

axially from the flywheel.

100. The engine starting device of claim 99,
wherein the flywheel has a flywheel rotational axis and
wherein said elastic member is windable about a
longitudinal axis to load said elastic member, said
longitudinal axis being offset from said flywheel

rotational axis.

101. The engine starting device of claim 77 or 78,
further comprising:

a clutch assembly operable to limit the load
exerted by said input element on said elastic member
after said elastic member is loaded past a
predetermined loaded state.

102. The engine starting device of claim 77 or 78,
further comprising:

a frictional brake engageable with said
energy storing mechanism to limit the load exerted by
said input element on said elastic member after said
elastic member is loaded past a predetermined loaded

state.

103. The engine starting device of claim 77 or 78,
wherein said input element includes a first fastener
member and said elastic member includes a second
fastener member, and wherein said elastic member and
said input element are releasably coupled by engagement
of said first and second fastener members.

104. The engine starting device of claim 103,
wherein said first fastener member is one of an eyelet
and a loop, and wherein said second fastener member is
the other of said eyelet and said loop.
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105. The engine starting device of claim 104,
wherein said first fastener member is an eyelet.

106. The engine starting device of claim 103,
wherein said first and second fastener members are
disengageable after said elastic member becomes

unloaded.

107. The engine starting device of claim 103,
wherein said first and second fastener members are

engageable prior to loading of said elastic member.

108. An engine starting device for an internal
combustion engine, the engine having a rotatable engine
member that is rotatable to start the engine, said
engine starting device comprising:

an energy storing mechanism including at
least one elastic member that may be loaded and
unloaded, said elastic member having a first fastener
member;

an input element having a second fastener
member, wherein said elastic member and said input
element are releasably coupled by engagement of said
first and second fastener members; and

an output element that is movable in response

to unloading of said energy storing mechanism.

109. The engine starting device of claim 108,
wherein said first fastener member is one of an eyelet
and a loop, and wherein said second fastener member is
the other of said eyelet and said loop.

110. The engine starting device of claim 108,
wherein said first and second fastener members are
disengageable after said elastic member becomes

unloaded.
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111. The engine starting device of claim 108,
wherein said first and second fastener members are
engageable prior to loading of said elastic member.

112. The engine starting device of claim 108,
further comprising an engine starting mechanism
requiring two separate actions for actuation.

113. The engine starting device of claim 112,
wherein said engine starting mechanism includes first

and second manual actuators.

114. The engine starting device of claim 113,
wherein said first manual actuator is selected from the
group consisting of a push button, a lever, and a bail
handle.

115. The engine starting device of claim 114,
wherein said second manual actuator is selected from
the group consisting of a push button, a lever, and a
bail handle.

116. The engine starting device of claim 108,
further comprising an input control device that
positions said input element into engagement with the

rotatable engine member.

117. The engine starting device of claim 116,
wherein said engine starting mechanism includes a drive
member, and wherein said input element includes an
input member movable by said input control device
between a first position in which said input member is
engageable with the rotatable engine member and said
drive member, and a second position in which said input
member is disengaged from at least one of the rotatable

engine member and said drive member.
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118. The engine starting device of claim 116,
further comprising an engine control device that is
operatively connected to the engine and actuable to
initiate shutdown of the engine, said input control
device positioning said input element into engagement
with said rotatable engine member in response to
operation of said engine control device.

119. The engine starting device of claim 116,
further comprising:
an ignition system shut-off switch adapted to
shut off the engine in response to said input control
device positioning said input element into engagement

with said rotatable engine member.

120. The engine starting device of claim 108,
further comprising:
a locking mechanism engageable with said
energy storing mechanism to prevent said elastic member

from unloading from a loaded state.

121. The engine starting device of claim 120,
further comprising:
a key device movable to engage said locking
mechanism when said locking mechanism is positioned in

engagement with said energy storing mechanism.

122. The engine starting device of claim 120,
further comprising an actuator remotely disposed from
the engine, said locking mechanism disengaging said
energy storing mechanism in response to actuation of

said actuator.
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123. The engine starting device of claim 108,
wherein said energy storing mechanism includes a drive
member engageable with said elastic member, said drive
member being movable in a first direction to load said
elastic member and movable in a second direction in

response to unloading of said elastic member.

124. The engine starting device of claim 123,
wherein said input element includes an input member
movable between a first position in which said input
member is engageable with the rotatable engine member
and said drive member, and a second position in which
said input member is disengaged from at least one of
the rotatable engine member and said drive member.

125. The engine starting device of claim 123,
wherein said drive member is rotatable in said first

and second directions.

126. The engine starting device of claim 123,
further comprising:
unidirectional transmission means for driving
said output element in response to movement of said
drive member in said second direction.

127. The engine starting device of claim 123,
wherein said drive member is engageable with said
elastic member, said elastic member being disposed
about a portion of said drive member.

128. The engine starting device of claim 123,
wherein said drive member is rotatable about a
rotational axis in said first and second directions,
and wherein said output element is mounted for rotation
about said rotational axis.
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129. The engine starting device of claim 123,
wherein said drive member includes an annular member
mounted about a portion of the rotatable engine member.

130. The engine starting device of claim 123,
wherein the engine includes a recoil starter having a
central driving element and a recoil pulley, the
central driving element being movable in a driving
direction in response to movement of the recoil pulley
to drive the rotatable engine member in a starting
direction, and wherein said drive member is mounted
substantially about the central driving element and
movable by said elastic member in said second direction
to drive the central driving element in said driving

direction.

131. The engine starting device of claim 123,
wherein the rotatable engine member includes a flywheel
rotatable about a rotational axis, said drive member
being spaced axially from the flywheel and having an
axis of rotation that is substantially coincidental
with the rotational axis of the flywheel.

132. The engine starting device of claim 108,
wherein said elastic member includes at least one

spring.

133. The engine starting device of claim 132,
wherein said energy storing mechanism includes a drive
member engageable with said spring, said spring being
positioned about a portion of said drive member, and
wherein said drive member is rotatable in said first
direction to load said elastic member and rotatable in
said second direction in response to unloading of said

elastic member.
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134. The engine starting device of claim 108,
wherein said energy storing mechanism includes a
housing, said elastic member being substantially
disposed within said housing and having one portion

engageable with said housing.

135. The engine starting device of claim 108,
wherein the rotatable engine member includes a
flywheel, said energy storing mechanism being spaced
axially from the flywheel.

136. The engine starting device of claim 135,
wherein the flywheel has a flywheel rotational axis and
wherein said elastic member is windable about a
longitudinal axis to load said elastic member, said
longitudinal axis being offset from said flywheel

rotational axis.

137. The engine starting device of claim 108,
further comprising:

a clutch assembly operable to limit the load
exerted by said input element on said elastic member
after said elastic member is loaded past a
predetermined loaded state.

138. The engine starting device of claim 108,
further comprising:

a frictional brake engageable with said
energy storing mechanism to limit the load exerted by
said input element on said elastic member after said
elastic member is loaded past a predetermined loaded

state.
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139. A method of starting an internal combustion
engine having a rotatable engine member that is
rotatable in a starting direction to start the engine,
said method comprising the steps of:

providing an energy storing mechanism that
includes at least one elastic member;

loading the elastic member;

actuating a first manual actuator;

actuating a second manual actuator; and

unloading the elastic member such that the
rotatable engine member is rotated in the starting

direction.

140. The method of claim 139, wherein the step of
actuating the first manual actuator includes actuating
a bail handle.

141. The method of claim 139, wherein the steps of
actuating the first and second manual actuators each
include actuating one of a button, lever, and bail
handle.

142. The method of claim 139, wherein the loading
step includes interengaging the energy storing
mechanism with the rotatable .engine member during

engine coastdown.

143. The method of claim 139, further comprising

the steps of:

providing an output element that is movable
by the energy storing mechanism to rotate the rotatable
engine member in the starting direction; and

positioning the output element in engagement
with the energy storing mechanism and with the
rotatable engine member.
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144. The method of claim 139, further comprising

the steps of:

providing an input element that is engageable
with the energy storing mechanism and with the
rotatable engine member; and

positioning the input element in engagement
with the energy storing mechanism and with the
rotatable engine member.

145. The method of claim 144, wherein the
positioning step includes moving the input element from
a first position wherein the input element is
disengaged from the rotatable engine member, to a
second position wherein the input element is engaged
with the rotatable engine member.

146. The method of claim 139, wherein the
providing step includes providing a drive member that
is engageable with the elastic member;

wherein the loading step includes moving the
drive member in a first drive direction; and

wherein the unloading step includes moving
the drive member in a second drive direction in
response to unloading of the elastic member.

147. The method of claim 146, wherein the loading
step includes rotating the drive member in the first
drive direction; and

wherein the unloading step includes rotating
the drive member in the second drive direction.
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148. The method of claim 139, further comprising

the steps of:
providing a locking mechanism engageable with

the energy storing mechanism;
engaging the locking mechanism with the

energy storing mechanism to prevent the elastic member
from unloading from a loaded state; and
disengaging the locking mechanism from the

energy storing mechanism.

149. The method of claim 139 or 140, wherein said
providing step includes:
providing an input element having a first
fastener member; and
providing an elastic member having a second

fastener member.

150. The method of claim 149, further comprising
the step of releasably coupling the first and second
fastener members prior to said loading step.

151. The method of claim 149, further comprising
the step of disengaging said first and second fastener
members from each other after said unloading step.

152. The method of claim 149, wherein said first
fastener member is one of an eyelet and a loop, and
wherein said second fastener member is the other of

said eyelet and loop.

153. The apparatus of claim 25, wherein said input
element includes a first fastener member and said
elastic member includes a second fastener member, and
wherein said input element and said elastic member are
releasably coupled by engagement of said first and

second fastener members.
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154. The apparatus of claim 153, wherein said
first fastener member is one of an eyelet and a loop,
and wherein said second fastener member is the other of

said eyelet and said loop.

155. The apparatus of claim 153, wherein said
first and second fastener members are disengageable
after said elastic member becomes unloaded.

156. The engine starting device of claim 153,
wherein said first and second fastener members are
engageable prior to loading of said elastic member.

157. The machine of claim 41, wherein said input
element includes a first fastener member and said
elastic member includes a second fastener member, and
wherein said input element and said elastic member are
releasably coupled by engagement of said first and

second fastener members.

158. The machine of claim 157, wherein said first
fastener member is one of an eyelet and a loop, and
wherein said second fastener member is the other of

said eyelet and said loop.

159. The machine of claim 157, wherein said first
and second fastener members are disengageable after
said elastic member becomes unloaded.

160. The machine of claim 157, wherein said first
and second fastener members are engageable prior to

loading of said elastic member.
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161. The engine starting device of claim 57,
wherein said drive member includes a first fastener
member and said elastic member includes a second
fastener member, and wherein said drive member and said
elastic member are releasably coupled by engagement of
said first and second fastener members.

162. The engine starting device of claim 161,
wherein said first fastener member is one of an eyelet
and a loop, and wherein said second fastener member is
the other of said eyelet and said loop.

163. The engine starting device of claim 161,
wherein said first and second fastener members are
disengageable after said elastic member becomes

unloaded.

164. The engine starting device of claim 161,
wherein said first and second fastener members are
engageable prior to loading of said elastic member.

165. The method of claim 66, wherein said
providing step includes:
providing an input element having a first
fastener member; and
providing an elastic member having a second

fastener member.

166. The method of claim 165, further comprising
the step of releasably coupling the first and second
fastener members prior to said loading step.

167. The method of claim 165, further comprising
the step of disengaging said first and second fastener
members from each other after said unloading step.
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168. The method of claim 165, wherein said first

fastener member is one of an eyelet and a loop, and
wherein said second fastener member is the other of

said eyelet and loop.

169. The engine starting device of claim 73,
wherein said first and second fastener members are
disengageable to allow said input element to rotate
independently of said elastic member loading and

unloading.

170. The engine starting device of claim 103,
wherein said first and second fastener members are
disengageable to allow said input element to rotate
independently of said elastic member loading and

unloading.

171. The engine starting device of claim 108,
wherein said first and second fastener members are
disengageable to allow said input element to rotate
independently of said elastic member loading and

unloading.

172. The engine starting device of claim 73,
wherein said first and second fastener members are
engageable by hooking.

173. The apparatus of claim 153, wherein said
first and second fastener members are engageable by

hooking.

174. The machine of claim 157, wherein said first
and second fastener members are engageable by hooking.

175. The engine starting device of claim 161,
wherein said first and second fastener members are

engageable by hooking.

PCT/US99/23046
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176. The method of claim 165, further comprising
the step of engaging said first and second fastener
members by hooking.

177. The engine starting device of claim 103,
wherein said first and second fastener members are
engageable by hooking.

178. The engine starting device of claim 108,
wherein said first and second fastener members are
engageable by hooking.

179. The method of claim 149, further comprising
the step of engaging said first and second fastener

members by hooking.
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AMENDED CLAIMS
[received by the International Bureau on 14 March 2000 (14.03.00);
original claims 2-6, 8, 13, 14, 16-19, 21-23, 25, 30, 35, 38-40, 42-45, 48-51, 53, 57-72, 94,
95, 99, 100, 127, 128, 130, 131,133, 135, 136, 161-168, 175, and 176 cancelled; new claims
180-185 added; remaining claims unchanged (24 pages )]

1. An engine starting device for an internal combustion engine, the

engine having a rotatable engine member that is rotatable to start the engine, said

engine starting device comprising:
an energy storing mechanism including at least one elastic member;

an input element engageable with said elastic member and movable

during engine coast down to load said elastic member;
an output element that is movable in response to unloading of said

elastic member;
a locking mechanism engageable with said energy storing mechanism

to prevent said elastic member from unloading from a loaded state; and
an actuator remotely disposed from the engine, said locking

mechanism disengaging said energy storing mechanism in response to actuation of

said actuator.
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7. The engine starting device of claim 1, further comprising:
a key device movable to engage said locking mechanism when said

locking mechanism is positioned in engagement with said energy storing mechanism.

9. The engine starting device of claim 1, wherein said energy storing
mechanism includes a drive member engageable with said elastic member, said drive
member being movable in a first direction to load said elastic member and movable in

a second direction in response to unloading of said elastic member.
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10.  The engine starting device of claim 9, wherein said input element
includes an input member movable between a first position in which said input
member is engageable with the rotatable engine member and said drive member, and
a second position in which said input member is disengaged from at least one of the

rotatable engine member and said drive member.

11.  The engine starting device of claim 9, wherein said drive member is

rotatable in said first and second directions.
12. The engine starting device of claim 9, further comprising:
unidirectional transmission means for driving said output element in

response to movement of said drive member in said second direction.

15. The engine starting device of claim 9, wherein said drive member

includes an annular member mounted about a portion of the rotatable engine member.

AMENDED SHEET (ARTICLE 19)
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20. The engine starting device of claim 1, wherein said energy storing
mechanism includes a housing, said elastic member being substantially disposed

within said housing and having one portion engageable with said housing.
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24.  The engine starting device of claim 1, further comprising;:
a frictional brake engageable with said energy storing mechanism to
limit the load exerted by said input element on said elastic member after said elastic

member is loaded past a predetermined loaded state.
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26.  The apparatus of claim 180, wherein the rotatable engine member

includes a crankshaft.

27.  The apparatus of claim 180, further comprising an input control device,
wherein said input element includes an input member movable by said input control
device between a first position and a second position, said input member being
engageable with the rotatable engine member when disposed in said first position and

said input member being disengaged from the rotatable engine member when

disposed in said second position.

28. The apparatus of claim 180, further comprising an engine control
device that is operatively connected with the engine and actuable to initiate shutdown
of the engine, and an input control device, said input control device positioning said
input element into engagement with said rotatable engine member in response to

operation of said engine control device.

29. The apparatus of claim 180, wherein said elastic member includes at

least one spring.
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31.  The apparatus of claim 180, further comprising a locking mechanism
engageable with said energy absorbing mechanism to prevent said elastic member

from unloading from a loaded state.

32. The apparatus of claim 180, wherein said energy absorbing mechanism
includes a drive member engageable with said elastic member, said drive member
being movable in a first direction to load said elastic member and movable in a

second direction in response to unloading of said elastic member.

33.  The apparatus of claim 32, wherein said input element includes an
input member movable between a first position in which said input member is
engageable with the rotatable engine member and said drive member, and a second
position in which said input member is disengaged from at least one of the rotatable

engine member and said drive member.

34.  The apparatus of claim 32, wherein said drive member includes an

annular member mounted about a portion of the rotatable engine member.
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36. The apparatus of claim 32, wherein said elastic member includes at
least one spring engageable with said drive member, said spring being disposed about

a portion of said drive member.

37.  The apparatus of claim 180, wherein said energy absorbing mechanism
includes a housing, said elastic member being substantially disposed within said

housing and having one portion engageable with said housing.
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41.  Anengine powered machine comprising:
an internal combustion engine having a rotatable engine member that is
rotated to start said engine;
a manually actuable engine control device that initiates shutdown of
said engine; and
an engine starting device including
an energy storing mechanism having at least one elastic
member;
an input element movable to load said elastic member;
an output element movable in response to unloading of said
elastic member;
an input control device that positions said input element into
engagement with said rotatable engine member;
a locking mechanism engageable with said energy storing
mechanism to prevent said elastic member from unloading from a loaded state; and
an actuator remotely disposed from said engine, said locking
mechanism disengaging said energy storing mechanism in response to actuation of

said actuator.
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46.  The machine of claim 41, further comprising:

a key device movable to engage said locking mechanism when said

locking mechanism is positioned in engagement with said energy storing mechanism.

47.  The machine of claim 41, wherein said energy storing mechanism
includes a drive member engageable with said elastic member, said drive member
being movable in a first direction to load said elastic member and movable in a
second direction in response to unloading of said elastic member, wherein said drive

member includes an annular member mounted about a portion of said rotatable engine

member.
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52. The machine of claim 47, wherein said elastic member includes at least

one spring disposed about a portion of said drive member.
54.  The machine of claim 41, wherein said energy storing mechanism

includes a housing, said elastic member being substantially disposed within said

housing and having one portion engageable with said housing.
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55.  The machine of claim 41, further comprising:
a clutch assembly operable to limit the load exerted by said input
element on said elastic member after said elastic member is loaded past a

predetermined loaded state.

56.  The engine starting device of claim 41, further comprising:
a frictional brake engageable with said energy storing mechanism to
limit the load exerted by said input element on said elastic member after said elastic

member is loaded past a predetermined loaded state.
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73.  The engine starting device of claim 1, wherein said input element
includes a first fastener member and said elastic member includes a second fastener
member, and wherein said input element and said elastic member are releasably

coupled by engagement of said first and second fastener members.

74.  The engine starting device of claim 73, wherein said first fastener

member is one of an eyelet and a loop, and wherein said second fastener member is

the other of said eyelet and said loop.

75.  The engine starting device of claim 73, wherein said first and second

fastener members are disengageable after said elastic member becomes unloaded.

AMENDED SHEET (ARTICLE 19)



WO 00/26531 PCT/US99/23046

92

96.  The engine starting device of claim 77, wherein said elastic member

includes at least one spring.

97.  The engine starting device of claim 96, wherein said energy storing
mechanism includes a drive member engageable with said spring, said spring being
positioned about a portion of said drive member, and wherein said drive member is
rotatable in a first direction to load said elastic member and rotatable in a second

direction in response to unloading of said elastic member.

98.  The engine starting device of claim 77, wherein said energy storing
mechanism includes a housing, said elastic member being substantially disposed

within said housing and having one portion engageable with said housing.
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101.  The engine starting device of claim 77 or 78, further comprising:
a clutch assembly operable to limit the load exerted by said input
element on said elastic member after said elastic member is loaded pasta

predetermined loaded state.

102.  The engine starting device of claim 77 or 78, further comprising;
a frictional brake engageable with said energy storing mechanism to
limit the load exerted by said input element on said elastic member after said elastic

member is loaded past a predetermined loaded state.

103.  The engine starting device of claim 77 or 78, wherein said input
element includes a first fastener member and said elastic member includes a second
fastener member, and wherein said elastic member and said input element are

releasably coupled by engagement of said first and second fastener members.

104.  The engine starting device of claim 103, wherein said first fastener

member is one of an eyelet and a loop, and wherein said second fastener member is

the other of said eyelet and said loop.
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123.  The engine starting device of claim 108, wherein said energy storing
mechanism includes a drive member engageable with said elastic member, said drive
member being movable in a first direction to load said elastic member and movable in

a second direction in response to unloading of said elastic member.

124.  The engine starting device of claim 123, wherein said input element
includes an input member movable between a first position in which said input
member is engageable with the rotatable engine member and said drive member, and
a second position in which said input member is disengaged from at least one of the

rotatable engine member and said drive member.

125. The engine starting device of claim 123, wherein said drive member is

rotatable in said first and second directions.
126.  The engine starting device of claim 123, further comprising:

unidirectional transmission means for driving said output element in

response to movement of said drive member in said second direction.
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129.  The engine starting device of claim 123, wherein said drive member

includes an annular member mounted about a portion of the rotatable engine member.

132. The engine starting device of claim 108, wherein said elastic member

includes at least one spring.
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134.  The engine starting device of claim 108, wherein said energy storing
mechanism includes a housing, said elastic member being substantially disposed

within said housing and having one portion engageable with said housing.

137.  The engine starting device of claim 108, further comprising:
a clutch assembly operable to limit the load exerted by said input
element on said elastic member after said elastic member is loaded past a

predetermined loaded state.

138.  The engine starting device of claim 108, further comprising:
a frictional brake engageable with said energy storing mechanism to
limit the load exerted by said input element on said elastic member after said elastic

member is loaded past a predetermined loaded state.
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148.  The method of claim 139, further comprising the steps of:

providing a locking mechanism engageable with the energy storing

mechanism;
engaging the locking mechanism with the energy storing mechanism to

prevent the elastic member from unloading from a loaded state; and
disengaging the locking mechanism from the energy storing

mechanism.

149.  The method of claim 139 or 140, wherein said providing step includes:
providing an input element having a first fastener member; and

providing an elastic member having a second fastener member.

150.  The method of claim 149, further comprising the step of releasably

coupling the first and second fastener members prior to said loading step.

151. The method of claim 149, further comprising the step of disengaging

said first and second fastener members from each other after said unloading step.

152.  The method of claim 149, wherein said first fastener member is one of

an eyelet and a loop, and wherein said second fastener member is the other of said

eyelet and loop.

153.  The apparatus of claim 180, wherein said input element includes a first
fastener member and said elastic member includes a second fastener member, and
wherein said input element and said elastic member are releasably coupled by

engagement of said first and second fastener members.
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154.  The apparatus of claim 153, wherein said first fastener member is one

of an eyelet and a loop, and wherein said second fastener member is the other of said

eyelet and said loop.

155.  The apparatus of claim 153, wherein said first and second fastener

members are disengageable after said elastic member becomes unloaded.

156.  The apparatus of claim 153, wherein said first and second fastener

members are engageable prior to loading of said elastic member.

157. The machine of claim 41, wherein said input element includes a first
fastener member and said elastic member includes a second fastener member, and
wherein said input element and said elastic member are releasably coupled by

engagement of said first and second fastener members.

158.  The machine of claim 157, wherein said first fastener member is one of

an eyelet and a loop, and wherein said second fastener member is the other of said

eyelet and said loop.

159.  The machine of claim 157, wherein said first and second fastener

members are disengageable after said elastic member becomes unloaded.

160.  The machine of claim 157, wherein said first and second fastener

members are engageable prior to loading of said elastic member.
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169.  The engine starting device of claim 73, wherein said first and second
fastener members are disengageable to allow said input element to rotate

independently of said elastic member loading and unloading.

170.  The engine starting device of claim 103, wherein said first and second
fastener members are disengageable to allow said input element to rotate

independently of said elastic member loading and unloading.

171.  The engine starting device of claim 108, wherein said first and second
fastener members are disengageable to allow said input element to rotate

independently of said elastic member loading and unloading.

172. The engine starting device of claim 73, wherein said first and second

fastener members are engageable by hooking.

173.  The apparatus of claim 153, wherein said first and second fastener

members are engageable by hooking.

174, The machine of claim 157, wherein said first and second fastener

members are engageable by hooking.
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177.  The engine starting device of claim 103, wherein said first and second

fastener members are engageable by hooking.

178.  The engine starting device of claim 108, wherein said first and second

fastener members are engageable by hooking.

179.  The method of claim 149, further comprising the step of engaging said

first and second fastener members by hooking.
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180.  An apparatus for starting and braking a rotatable engine member of an

internal combustion engine, said apparatus comprising:

an energy absorbing mechanism including at least one elastic member;

an input element adapted to be interengageable between said elastic
member and the rotatable engine member to simultaneously slow down the rotation of
the rotatable engine member and load said elastic member during coast down of the
engine;

a first clutch assembly operable to limit the load exerted by said input
element on said elastic member after said elastic member is loaded past a
predetermined loaded state;

an output element adapted to be interengageable between said elastic
member and the rotatable engine member, said output element being movable in

response to unloading of said elastic member to rotate the rotatable engine member;

and
a second clutch assembly operable to limit the initial load exerted by

said output element on the rotatable engine member.

181.  An internal combustion engine comprising:

a flywheel;

a plurality of gear teeth interconnected with said flywheel for rotation
with said flywheel;

an elastic member in a loaded state;

a pinion gear mounted for rotation about an axis of rotation; and

an output mechanism causing said pinion gear to rotate about said axis
of rotation in response to unloading of said elastic member, and causing said pinion
gear to move substantially parallel to said axis of rotation into engagement with said

gear teeth to cause rotation of said flywheel and startup of said engine.

182.  The internal combustion engine of claim 181, wherein said output
mechanism includes a helical shaft, and wherein said pinion gear includes a hub
riding on said helical shaft to cause said pinion gear to move substantially parallel to

said axis of rotation in response to rotation of said pinion gear.
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183.  The internal combustion engine of claim 181, further comprising an _
output clutch mechanism limiting the force transferred from said pinion gear to said

gear teeth during the initial engagement between said pinion gear and said gear teeth.

184.  The internal combustion engine of claim 181, further comprising an
input element selectively interengageable between said flywheel and said elastic

member to simultaneously load said elastic member and slow down the rotation of

said flywheel.

185.  The internal combustion engine of claim 184, further comprising an
input clutch interengageable between said input element and said elastic member to

limit the load imparted from said input element to said elastic member.
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