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ENGINE STARTING MECHANISM

Charles D. Strang, Oshkosh, Wis., assignor to Kiekhaefer
Corporation, Cedarburg, Wis., a corperation of Wis-
consin

Application March 30, 1956, Serial No. 575,107
17 Claims. (CL 123~-179)

This invention relates generally to starting mechanisms
for internal combustion engines and more specifically to
an improved starting mechanism for an internal com-
bustion engine wherein the crankshaft of the engine is
selectively cranked in a clockwise or counter-clockwise
direction for starting the engine in either direction.

It is therefore an object of the present invention to
provide an improved engine starting mechanism wherein
the crankshaft of the engine is selectively cranked. in
either a clockwise or a counter-clockwise direction for
starting same in either direction.

Still another object of the invention is to provide an
improved starting mechanism for an internal combustion
engine that eliminates the need to crank the engine manu-
ally.

A further object of the invention is to provide an im-
proved ignition and starter gearing switching system for
an internal combustion engine adapted to be operated in
either direction of rotation.

Another object of the invention is the provision of an
actuating mechanism wherein with one single continuous

movement of an actuating lever the ignition is turned on,

the starter motor is actuated to start the engine, the
engine throttle is increased and the ignition spark ad-
vanced as the throttle is increased.

Objects and advantages other than those set forth
above will be apparent from the following description
when read in conmection with the accompanying draw-
ing, in which:

Fig. 1 is a front elevation view partly in section of an
internal combustion engine embodying the invention;

Fig. 2 is a fragmentary plan view of the structure of
Fig. 1;

Fig. 3 is a fragmentary side elevation view showing
the starter gearing in engagement with the flywheel to
crank the engine in one direction;

Fig. 4 is a fragmentary view similar to Fig. 3 showing
the starter gearing in engagement with the flywheel to
crank the engine in the opposite direction;

Fig. 5 is a fragmentary section view of the starter
mechanism of the engine of Fig. 1;

Fig. 6 is a section view taken on line 6—6 of Fig. 1
showing the ignition and starter motor switch mecha-
nism;

Fig. 7 is a section view taken on line 7—7 of Fig. 5;

Fig. 8 is a section view taken on line 8—8 of Fig. 5;

Fig. 9 is a view taken on line 8—9 of Fig. 1 showing
the breaker contact points of the ignition system;

Fig. 10 is a section view taken on line 10—19 of Fig. 1
showing the cam and link mechanism adapted to control
the carburetor throttle valve;

Fig. 11 is a diagrammatic view of the igniticn system
of the engine;

Fig. 12 is an elevation view partly in section of the
structure of Fig. 10;

Fig. 13 is a fragmentary elevation view showing a
modified starter mechanism for. an engine; and
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Fig. 14 is a view similar to Fig. 13 showing another
modification of the starter mechanism.

As shown in the drawings, a preferred embodiment of
this invention is illustrated as applied to an internal com-
bustion engine 1. The engine 1 is of the type adapted
to be selectively cranked in either a clockwise or counter-
clockwise direction for engine operation in either direc-
tion. A novel starter gearing arrangement is shown in
Figs. 1, 3, 4 and 5 as comprising essentially an electric
reversible starter motor 2 mounted to a flange 5 provided
on the engine 1 and having an elongated splined drive
shaft 3. An annular sleeve member 4 is slidably dis-
posed on the motor drive shaft 3 and is provided on its
periphery with a series of screw threads 6. A pinion 7
is threaded onto the sleeve 4 for longitudinal movement
into and out of engagement with a flywheel gear 8 of the
engine 1. The longitudinal movement of the pinion 7
relative to shaft 3 is resisted in one direction by a washer
9 and cushioning member 11 mounted on the motor drive
shaft 3. An annular spacer element 12 is dispcsed on
the motor drive shaft 3 and has one end thereof abut-
ting the sleeve 4 and the other end abutting a similar
sleeve 13 having peripheral screw threads 15. A pinion
14 similar to pinion 7 is carried by the sleeve 13. The
pinion members 7, 14 are urged away from one another
and from the flywheel gear 8 by means of a spring 16
disposed around the shaft 3 and having its ends mated
against respective anmular cap members 17, 18. A stop
washer 19 and nut 21 is mounted on the end of the drive

~shaft 3 and secures the sleeves 4, 13 and spacer 12

against the washer 19 to form a solid rotatable unit.

In the operation of the starter gearing mechanism,-rota-
tion of the motor drive shaft 3 is transmitted to the
sleeve members 4, 13. Since the screw threads 6, 15
on the sleeve members are directionally the same, that is
both right hand or left hand, the rotative movement of
the sleeve members 4, 13 causes the respective pinions 7,
14 to move longitudinally relative to shaft 3 in the same
direction. For one direction of rotation of shaft 3
the pinion 14 engages the flywheel gear & to crank the
engine 1 in the direction opposite from shaft 3 while
the other pinion member 7 engages the washer 9 as
shown in Fig. 3. Upon rotation of the motor drive shaft
3 in the opposite direction, the pinion 7 engages the fly-
wheel gear 8 to crank the engine 1 in a correspondingly
opposite direction and the pinion 14 engages the stop
washer 19 as shown in Fig. 4.

When the engine 1 starts, the acceleration of the en-
gine flywheel gear 8 throws the pinion 7 or 14 in en-
gagement therewith back against the cushioning mem-
ber 11 or stop washer 19 respectively where it is re-
tained out of engagement with the flywheel gear 8 by
the spring 16.

Applicant’s invention further contemplates a novel
ignition and starter gearing switching system as shown
in Figs. 1, 6, 9, 10, 11 and 12. A housing 22 within
which an ignition switch S; and starter motor switches Sy
and S; are disposed is provided with an anular projection
23 extending within a flange 24 provided on the engine 1
and is rigidly secured to the flange 24 by any suitable
means such as a screw 26. A shaft 27 is rotatably
journaled within suitable bearings 28, only one of which
is shown, carried by the housing 22, and one end of
the shaft 27 is provided with a pulley 29 secured thereto
by means of a nut 31. The pulley 29 is driven by means
of a belt 32 connected to a similar pulley, not shown,
mounted on the engine crankshaft 33. The shaft 27
further extends through a bearing 34 carried by the
base 36 of a rotatable ignition housing 37 and has
its other end disposed within the ignition housing 37
and is provided with a cam surface 38 adapted to actu-
ate breaker contact points 39, 41 as shown in Fig. 9,
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The ignition housing 37 is closed off by means of an
ignition cap 42 removably secured thereto by means of
spring clamps 43. The base 36 of the ignition housing
37 is provided with an annular recess 44 adapted to
receive an "annular bracket 46 which is secured to the
base 36 by means of studs 47. The bracket 46 extends
through an opening 48 of housing 22 and includes a
flange 49 which provides a base to which a switch actu-
ating member 31 is secured as by means of cap screws
52. The switch actuating member 51 is an annular
plate-like element having a circular opening 53 to provide
clearance between the switch actuating member 51 and
an axially projecting portion of the housing 22. The
switch actuating member 51 is provided with a projection
54 as shown in Fig. 6 having a pin 56 mounted trans-
verse thereto adapted to actuate the ignition switch S,
shown diagrammatically in Fig. 11 as a double-pole
double-throw switch of any suitable type. The switch
actuating member 51 further includes an arcuate seg-
ment 57 oppositely disposed to the projection 54 which
is provided with a peripheral recess 58 adapted to en-
gage a spring member 59 serving as a detent means for
maintaining the switch member S, in an ignition “off”
position. The arcuate segment 57 further carries a
pin 61 mounted transverse thereto for selectively actuat-
ing the spaced apart starter motor switches S, and S;
upon rotative movement of the switch actuating member.
The switches S, and S; are electrically connected, not
shown, to the reversible starter motor 2 so that closing
switch S, causes the motor 2 to operate in one direction
whereas closing switch Sy causes the motor 2 to oper-
ate in the opposite direction of rotation. The switches
Ss and S; are positioned so that when either switch
is closed to crank the engine 1%, the spark plugs fire
when the pistons, not shown, of the engine 1 are at re-
spective top dead center position. To accomplish this,
the lateral spacing of the switches S, and S; must be
such that rotatively moving the switch actuating mem-
ber 51 from a position where switch S, is closed to a
position where switch S; is closed describes an angle
alpha («) as shown in Fig. 6 equal in degrees to:

_ 360 B
""" No. of engine cylinders

(No. of degrees points open)

where number of degrees points open refers to the num-
ber of degrees the shaft 27 must be rotated from a posi-
tion where the cam surface 38 thereon begins to open
one of the breaker contact points 39, 41 to a position
where the same cam surface 38 closes the points. The
ignition systems to which this formula for computing
the value of « is applicable contemplate two sets of
breaker contact points 39, 41 as shown in Fig. 11. This
is made more clear by reference to Fig. 11 which shows
the relative position of the breaker contact points 39,
41 with respect to the cam 38 and shaft 27. Let us
assume that with the points 39, 41 and cam 38 as shown,
the ignition housing 37 and switch actuating member
51 are in a position where the switch actuating member
51 is about to close the switch S, to crank the engine 1
and rotate the shaft 27 and cam 38 in the direction of
the arrow as indicated. The cam 38 is shown about to
open the points 39 to cause the coil L; to produce a
spark across the gap of one of the spark plugs 62 which
we will assume to be the number one cylinder spark
plug with the engine piston disposed at top dead center.
To start the engine 1 in the opposite direction, assuming
that the cam 38, shaft 27 and the piston remain in
their original positions with the piston of the number
one cylinder still at top dead center, the ignition hous-
ing 37 and switch actuating member 31 are rotated
through the angle « to place the breaker contact points
39, 41.in the dotted position shown in Fig. 11 with the
switch actuating member 51 about to close the switch
S; to rotate the shaft 27 and cam 38 in the opposite

10

4

direction of the arrow. The double-pole, double-throw
ignition switch S; is moved by the switch actuating
member 51 in a position reversing the connection of the
points 39, 41 to the coils 1;, L, respectively so tha.t
the points 41 are now electrically connected to the coil
L;. In this dotted position, the cam 38 is about to open
the set of breaker points 41 to cause the coil L; to
produce a spark across the number one cylinder spark
plug 62.

A cam member 63 as shown in Fig. 10 is adjustably

“secured to the base 36 of the ignition housing 37 by
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means of studs 64 passing through arcuate slots 66.
The cam member 63 is provided with a cam surface de-
signed to increase the throttle upon movement of the
ignition housing 37 in a clockwise or counter-clockwise
direction. The housing 22 is provided with a pin member
67 which forms a pivot for a cam follower 68 and a link
member 69. The cam follower 68 is provided with an
arcuate slot 71 through which a cap screw 72 extends and
engages a tapped opening in the link member 69 to pro-
vide a means of relative adjustment between the link
member 69 and the cam follower 68. A link rod 73 has
one end secured to one end of the link member 69 by
any suitable means and the other end connected to a
carburetor throttle valve 74 for controlling the speed of
the engine 1 as is well known in the art. The cam mem-
ber 63 is further provided with a projecting portion 76
having an opening adapted to pivotally receive the end
of an actuating rod 77 which is provided at its other
end by a handle, not shown, or any other suitable actuat-
ing means.

The operation of this invention will now be discussed
assuming initially that the switch actuating member is
disposed with the detent in engagement with the recess
to place the ignition switch S; in the “off” position as
when the engine 1 is not operating. The pin 61 carried
by the sector is disposed intermediate the starter motor
switches S, and S; which are both in the open position.
Moving the actuating rod 77 in one direction causes the
cam member 63, housing 37, bracket 46 and switch ac-
tuating member 51 to be rotatively moved about the axis
of the shaft 27. This movement places the ignition
switch S; in an “on” position and further movement
causes one of the starter motor switches S,, S; to be
closed actuating the starter motor 2 and causing one of
the pinions 7, 14 to be moved into engagement with the
flywheel gear 8 to crank the engine 1 in one direction.
Once the engine 1 has started, continued movement of
the rod 77 causes the pin 61 to override the switch where-
upon the switch opens breaking the electrical circuit and
stopping the starter motor 2. As the movement of the
rod 77 is continued, the ignition housing 37 and breaker
points 39, 41 are moved relative to the cam 38 carried
by the shaft 27 causing the timing of the spark impulse
to the spark plugs to be advanced as the cam member 63
effects further opening of the throttle valve to increase
the rotative speed in revolutions per minute of the engine
1. Tt is to be noted that with one continuous movement
of the actuating member 77, the ignition switch Sy is
turqed on, the starter motor 2 is actuated to start the
engine 1, and the timing of the spark impulse is advanced
as the rotative speed of the engine 1 is increased. Move-
ment of the actuating member 77 in the opposite direc-
tion from the initial ignition “off” position accomplishes
the same action as discussed with the exception that the
other starter motor switch is actuated causing the starter
motor 2 to operate in the opposite direction to crank the
engine 1 in the opposite direction.

In Figs. 13 and 14, applicant shows two modifications
of the starter gearing mechanism of the invention. In
both of the modifications, the respective shaft units 78 of
starter motor 2 are adapted to carry the corresponding
gear members 79, 81 which are mounted thereon inter-
posed between two springs 82, 83. In Fig. 13 the pinion
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79 forms a single gear which is interposed between two
spaced apart flywheel gears 84, 86 and is adapted to selec-
tively .engage said gears in accordance with the direction
of operation of motor 2. In Fig. 14 the gear member
81 is provided with spaced apart gears 87, 88 which are
adapted to selectively engage the flywheel gear 89 inter-
posed. therebetween in accordance with the direction of
starter motor operation.

Various embodiments of the invention may be em-
ployed within the scope of the appended claims.

It is claimed and desired to secure by Letters Patent:

1. An internal combustion engine starting mechanism
comprising: a starter gear carried by said engine, a starter
motor mounted on said engine, a pinion gear carried by
said motor adapted upon rotation of said motor to engage
said starter gear to crank same, an ignition housing car-
ried by said engine and pivotal -with respect thereto,
starter motor switch means actuable by said housing upon
pivotal movement thereof to start said motor whereby
said pinion gear cranks said starter gear to start said
engine, and ignition means mounted in part in said hous-
ing for providing a spark for said engine, said spark be-
ing advanced or retarded upon pivotal movement of said
housing.

2. An internal combustion engine starting mechanism
comprising: a starter gear carried by said engine, a.re-
versible starter motor mounted on said engine, spaced
apart pinion gears carried by said motor adapted upon
rotation of said motor to selectively engage said starter
gear for rotating said gear in either direction of rotation,
an ignition housing carried by said engine and pivotal
with respect thereto, starter motor switch means actuable
by said housing upon pivotal movement thereof to selec-
tively start said motor in either direction of rotation
whereby one of said pinion gears cranks said starter gear
to start said engine in either direction of rotation, and
ignition means mounted in part in said housing for pro-
viding a spark for said engine, said spark being advanced
or retarded upon pivotal movement of sajd housing.

3. An internal combustion engine starting mechanism
comprising: a starter gear carried by said engine, a
starter motor mounted on said engine, a pinion gear
carried by said motor adapted upon rotation of said
motor to engage said starter gear to crank same, a hous-
ing carried by said engine and pivotal with respect there-
to, starter motor switch means actuable by said housing
upon pivotal movement thereof to start said motor, igni-
tion means mounted in part in said housing for providing
a spark for said engine, said spark being advanced or
retarded upon pivotal movement of said housing, a car-
buretor mounted on said engine having throttle means
for regulating the speed of said engine, cam means
mounted on said housing for controlling said throttle
means, and means connected to said cam means and
adapted upon continuous movement in one direction to
pivotably move said housing to actuate said starter motor
switch, said throttle means, and to advance the spark as
the ‘engine speed is increased. '

4. An internal combustion engine starting mechanism
comprising: a starter gear carried by said engine, a re-
versible starter motor mounted on said engine, spaced
apart pinion gears carried by said motor adapted upon
rotation of said ‘motor to selectively engage said starter
gear for rotating said gear in either direction of rotation,
a housing carried by said engine and pivotal with respect
thereto, starter motor switch means actuable by said
housing upon pivotal movement thereof to start said
motor, ignition means mounted in part in said housing
for providing a spark for sald engine, said spark being
advanced or retarded upon pivotal movement of said
housing, ignition switch means actuable by said housing
to conirol the current flow through said ignition means,
a carburetor mounted on said engine having throttle
means for regulating the speed of said engine, cam means
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mounted on said housing for conmtrolling said throttle
means, and means connected to said cam means and
adapted upon continuous movement in either of two
directions to actuate said ignition switch means, said
starter motor switch means, said throttle means and to
advance the spark as the engine speed is increased.

5. An internal combustion engine ignition and starting
mechanism for engine operation in a clockwise or coun-
ter-clockwise direction comprising: a reversible starter
motor mounted on said engine and having a shaft; spaced
apart pinion gears carried by said shaft and axially mova-
ble thereon upon rotation of said shaft; a starter gear
carried by said engine transverse to said shaft and posi-
tioned intermedijate said pinion gears; an ignition hous-
ing carried by said engine and pivotal with respect there-
to; ignition means mounted in part in said housing for
providing a spark for said engine, said spark being ad-
vanced or retarded upon pivotal movement of said hous-
ing; spaced apart starter motor switches mounted on
said engine, one of said switches in a closed position elec-
trically connected to said starter motor to cause said
starter motor to operate in one direction and said other
switch in a closed position electrically connected to said
starter motor to cause said starter motor to operate in
the opposite direction; actuating means carried by said
housing adapted upon pivotal movement of said housing
to selectively close one of said starter motor switches
whereby one of said pinion gears is axially moved on
said shaft into engagement with said starter gear to
crank same in a clockwise or counter-clockwise direc-
tion. .

6. An internal combustion engine ignition and start-
ing mechanism for engine operation in a clockwise or
counter-clockwise direction comprising: a reversible start-
er motor mounted on said engine and having a shaft;
spaced apart pinion gears carried by said shaft and axial-
ly movable thereon upon rotation of said shaft; a starter
gear carried by said engine transverse to said shaft and
positioned intermediate said pinion gears; an ignition
housing carried by said engine and pivotal about an axis
with respect thereto; ignition means comprising a pair of
breaker points and first cam means adapted to open same
mounted in part in said housing for providing a spark
for said engine, said spark being advanced or retarded
upon - pivotal movement of said housing; a pair of lat-
erally spaced starter motor switches mounted on said
engine, one of said switches in a closed position electri-
cally connected to said starter motor to cause said start-
er motor to operate in one direction and said other
switch in a closed position electrically connected to said
starter motor to cause said starter motor to operate in
the opposite direction; actuating means carried by said
housing adapted upon pivotal movement of said housing
about said axis to selectively close one of said starter mo-
tor switches whereby one of said pinion gears is axially
moved into engagement with said starter gear to crank
same in a clockwise or counter-clockwise direction, said
starter motor switches being spaced apart a distance such
that said actuating means when pivotably moved from
a position where one of said switches is closed to a posi-
tion where said other switch is closed describes an angle

360

o equal to No. of engine cylinders

(No. of degrees points open)

where number of degrees points open refers to the num-
ber of degrees said first cam means must be rotated from,
a position where said cam means begins to open one of
said points to a position where said cam means closes
said one of said points, whereby said spark when either
of said switches is closed to crank said starter gear oc--
curs when the engine piston is in the same position with
respect to top dead center position.

7. A starting mechanism for an internal combustion.
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engine for cranking said engine in a clockwise or counter-
clockwise direction of rotation for starting same com-
prising: a reversible starter motor mounted on said en-
gine and having a shaft, said shaft being provided with
splines, spaced apart annular sleeve elements having
spline receiving portions carried by said shaft, threads
formed on the outer periphery of said sleeve elements,
an annular spacer element carried by said shaft interme-
diate said sleeve elements, a nut threaded on one end of
said shaft to bear against one of said sleeve elements to
rigidly secure said sleeve elements and said spacer ele-
ment to said shaft, spaced apart pinion gears threaded
onto said threads of said sleeve elements, a pair of an-
nular cap members disposed about said spacer element
‘and having a portion of each thereof abutting one of said
pinion gears, resilient means disposed about said spacer
element intermediate said cap members, a starter gear
carried by said engine transverse to said shaft and posi-
tioned intermediate said pinion gears, and means for
starting said starter motor in one or the other direction
of rotation whereby one of said pinion gears is axially
moved into engagement with said starter gear to crank
said engine in a clockwise or counterclockwise direction
of rotation.

8. An internal-combustion engine starting mechanism
comprising: a starter gear carried by said engine, a starter
motor mounted on said engine, a pinion gear carried by
said motor adapted upon rotation of said motor to en-
gage said starter gear to crank same, a housing carried
by said engine and pivotal with respect thereto, starter
motor switch means actuable by said housing upon piv-
otal movement thereof to start said motor, ignition means
mounted in part in said housing for providing a spark
for said engine, said spark being advanced or retarted
upon pivotal movement of said housing, ignition switch
means provided on the engine and being actuable by said
housing to control the current flow through said ignition
means, a carburetor mounted on said engine having throt-
tle means for regulating the speed of said engine, cam
means mounted on said housing for controlling said throt-
tle means, and means connected to said cam means and
adapted upon continuous movement in one direction to
pivotally move said housing to actuate said ignition
switch and starter motor switch, said throttle means,
and to advance the spark as the engine speed is increased.

9. An internal-combustion engine ignition and start-
ing mechanism for engine operation in a clockwise or
counterclockwise direction comprising: a reversible start-
er motor mounted on said engine and having a shaft;
spaced apart pinion gears carried by said shaft and axial-
ly movable thereon upon rotation of said shaft; a start-
er gear carried by said engine transverse to said shaft
and positioned intermediate said pinion gears; an igni-
tion housing carried by said engine and pivotal with re-
spect thereto; ignition means mounted in part in said
housing for providing a spark for said engine, said spark
being advanced or retarded upon pivotal movement of
said housing; spaced apart starter motor switches mount-
ed on said engine, one of said switches in a closed posi-
tion electrically connected to said starter motor to cause
said starter motor to operate in one direction and said
other switch in a closed position electrically connected
to said starter motor to cause said starter motor to op-
erate in the opposite direction; and a plate member car-
ried by said housing and having a pin transverse thereto
adapted to actuate said starter motor switches upon piv-
otal movement of said housing to selectively close one
of said starter motor switches and start the motor where-
by one of said pinion gears is axially moved on said
shaft into engagement with said starter gear to crank
same in a clockwise or counterclockwise direction.

10. An internal-combustion engine ignition and start-

ing mechanism for engine operation in a clockwise or -

counterclockwise direction comprising: a reversible
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starter motor mounted on said engine and having a shaft;
spaced apart pinion gears carried by -said shaft -and
axially movable thereon upon rotation -of said shaft;
a starter gear carried by said engine transverse to said
shaft and positioned intermediate said pinion gears; an
ignition housing carried by said engine and pivotal with
respect thereto; ignition means mounted in part in said
housing for providing a spark for said engine, said spark
being advanced or retarded upon pivotal movement of
said housing; an ignition switch mounted on said engine;
spaced apart starter motor switches mounted on said
engine, one of said switches in a closed position elec-
trically connected to said starter motor to cause said
starter motor to operate in one direction and said other
switch in a closed position electrically connected to
said starter motor to cause said starter motor to -oper-
ate in the opposite direction; and actuating means car-
ried by said housing and adapted upon pivotal move-
ment of said housing to actuate the ignition switch to
effect current flow through said ignition means and to
selectively close one of said starter motor switches and
start the motor whereby one of said pinion gears is axi-
ally moved on said shaft into engagement with said
starter gear to crank same in a clockwise or counterclock-
wise direction.

11. An internal-combustion engine ignition and start-
ing mechanism for engine operation in a clockwise
or counterclockwise direction comprising: a reversible
starter motor mounted on said engine and having a shaft;
spaced apart pinion gears carried by said shaft and
axially movable thereon upon rotation of said shaft; a
starter gear carried by said engine transverse to said
shaft and positioned intermediate said pinions gears; an
ignition housing carried by said engine and pivotal with
respect thereto; ignition means mounted in part in said
housing for providing a spark for said engine, said spark
being advanced or retarded upon pivotal movement of
said housing; a double-pole, double-throw ignition switch
mounted on said engine; spaced apart starter motor
switches mounted on said engine, one of said switches
in a closed position electrically connected to said starter
motor to cause said starter motor to operate in one
direction and said other switch in a closed position elec-
trically connected to said starter motor to cause said
starter motor to operate in the opposite direction; and
actuating means carried by said housing and adapted
upon pivotal movement of said housing selectively in
a clockwise or counterclockwise direction to actuate the
ignition switch to effect current flow through said igni-
tion means and to close the starter motor switch cor-
responding to the direction of pivot of said housing and
thereby start the motor whereby the corresponding pinion
gear is axially moved on said shaft into engagement
with said starter gear to crank same in the desired
direction.

12. An internal-combustion engine ignition and start-
ing mechanism for engine operation in a clockwise
or counterclockwise direction comprising: a reversible
starter motor mounted on said engine and having a shaft;
spaced apart pinion gears carried by said shaft and
axially movable thereon upon rotation of said shaft; a
starter gear carried by said engine transverse to said
shaft and positioned intermediate said pinion gears; an
ignition housing carried by said engine and pivotal with
respect thereto; ignition means mounted in part in said
housing for providing a spark for said engine, said spark
being advanced or retarded upon pivotal movement of
said housing; an ignition switch mounted on said engine
and having an “off” position; spaced apart starter motor
switches mounted on said engine, one of said switches
in a closed position electrically connected to said starter
motor to cause said starter motor to operate in one
direction and said other switch in a closed position elec-
trically connected to said starter motor to cause said
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starter motor to operate in the opposite direction; actu-
ating means carried by said housing for actuating said
ignition switch and includin; an arcuate portion hav-
ing a recess; and detent means mounted on said engine
and being adapted to frictionally engage said recess to
hold the ignition switch in said “off” position; said actu-
ating means being disengageable from said detent means
upon pivotal movement of said housing and adapted to
actuate the ignition switch from said “off” position to
effect current flow through said ignition means and to
selectively close one of said starter motor switches and
start the motor whereby one of said pinion gears is
axially moved on said shaft into engagement with said
starter gear to crank same in a clockwise or counter-
clockwise direction.

13. An internal-combustion engine ignition and start-
ing mechanism for engine operation in a clockwise
or counterclockwise direction comprising: a reversible
starter motor mounted on said engine and having a shaft;
spaced apart pinion gears carried by said shaft and
axially movable thereon upon rotation of said shaft; a
starter gear carried by said engine transverse to said
shaft and positioned intermediate said pinion gears; an
ignition housing carried by said engine and pivotal with
respect thereto; ignition means mounted in part in said
housing for providing a spark for said engine, said spark
being advanced or retarded upon pivotal movement of
said housing; a carburetor mounted on said engine and
having throttle means for regulating the speed of the
engine; cam means mounted on said ignition housing for
controlling said throttle means upon pivotal movement
of said housing; spaced apart starter motor switches
mounted on said engine, one of said switches in a closed
position electrically connected to said starter motor to
cause said starter motor to operate in one direction and
said other switch in a closed position electrically con-
nected to said starter motor to cause said starter motor
to operate in the opposite direction; actuating means
carried by said housing adaped upon. pivotal movement
of said housing to selectively close one of said starter
motor switches and start the motor whereby one of said
pinion gears is axially moved on said shaft into engage-
ment with said starter gear to crank same in a clockwise
or counterclockwise direction.

14. An internal-combustion engine ignition and start-
ing mechanism for engine operation in a clockwise or
counterclockwise direction comprising: a reversible start-
er motor mounted on said engine and having a shaft;
spaced apart pinjon gears carried by said shaft and axially
movable thereon upon rotation of said shaft; a starter
gear carried by said engine transverse to said shaft and
positioned  intermediate said pinion gears; an ignition
housing carried by said engine and pivotal about an axis
with respect thereto; ignition means comprising a pair of
breaker points and first cam means adapted to open same
mounted in part in said housing for providing a spark for
said engine, said spark being advanced or retarded upon
pivotal movement of said housing; an ignition switch
mounted on said engine; a pair of laterally spaced starter
motor switches mounted on said engine, one of said
switches in a closed position electrically connected to
said starter motor to cause said starter motor to operate
in one direction and said other switch in a closed position
electrically connected to said starter motor to cause said
starter motor to operate in the opposite direction; actuat-
ing means carried by said housing adapted upon pivotal
movement of said housing about said axis to actuate the
ignition switch to effect current flow through said ignition
means and to selectively close one of said starter motor
switches whereby one of said pinion gears is axially
moved into engagement with said starter gear to crank
same in a clockwise or counterclockwise direction, said
starter motor switches being spaced apart a distance such
that said actuating means when pivotally moved from a
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position where one of said switches is closeéd to a positior
where said other switch is closed describes an angle

360
No. of engine cylinders

« equal to

(No. of degrees points open)

where number of degrees points open refers to the num-
ber of degrees said first cam means must be rotated from
a position where said cam means begins to open one of
said points to a position where said cam means closes said
one of said points, whereby said spark when either of
said switches is closed to crank said starter gear occurs
when the engine piston is in the same position with re-
spect to top dead center position.

15. An internal-combustion engine ignition and start-
ing mechanism for engine operation in a clockwise or
counterclockwise direction comprising: a reversible start-
er motor mounted on said engine and having a shaft;
spaced apart pinion gears carried by said shaft and axially
movable thereon upon rotation of said shaft; a starter
gear carried by said engine transverse to said shaft and
positioned intermediate said pinion gears; an ignition
housing carried by said engine and pivotal about an axis
with respect thereto; ignition means comprising a pair of
breaker points and first cam means adapted to open same
mounted in part in said housing for providing a spark for
said engine, said spark being advanced or retarded upon
pivotal movement of said housing; a double-pole, double-
throw ignition switch mounted on said engine; a pair of
laterally spaced starter motor switches mounted on said
engine, one of said switches in a closed position electri-
cally connected to said starter motor to cause said starter
motor to operate in one direction and said other switch
in a closed position electrically connected to said starter
motor to cause said starter motor to operate in the oppo-
site direction; actuating means carried by said housing
and adapted upon pivotal movement of said housing
selectively in a clockwise or counterclockwise direction to
actuate the ignition switch to effect current flow through
said ignition means and to close the starter motor switch
corresponding to the direction of pivot of said housing
and thereby start the motor whereby the corresponding
pinion gear is axially moved on said shaft into engage-
ment with said starter gear to crank same in the desired
direction, said starter motor switches being spaced apart
a distance such that said actuating means when pivotally
moved from a position where one of said switches is
closed to a position where said other switch is closed
describes an angle

14 360
@ equal 10 o of engine cylinders

(No. of degrees points open)

where number of degrees points open refers to the num-
ber of degrees said first cam means must be rotated from
a position where said cam means begins to open one of
said points to a position where said cam means closes
said one of said points, whereby said spark when either
of said switches is closed to crank said starter gear occurs
when the engine piston is in the same position with re-
spect to top dead center position.

16. An internal-combustion engine ignition and start-
ing mechanism for engine operation in a clockwise or
counterclockwise direction comprising: a reversible
starter motor mounted on said engine and having a shaft;
spaced apart pinion gears carried by said shaft and axial-
ly movable thereon upon rotation of said shaft; a starter
gear carried by said engine transverse to said shaft and
positioned intermediate said pinion gears; an ignition
housing carried by said engine and pivotal about an axis
with respect thereto; ignition means comprising a pair of
breaker points and first cam means adapted to open same
mounted in part in said housing for providing a spark
for said engine, said spark being advanced or retarded
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upon pivotal movement of said housing; a double-pole,
double-throw ignition switch mountéd on  said engine
and having an “off” position; a pair of laterally spaced
starter motor switches mounted on said engine, one of
said switches in a closed position electrically connected
to said starter motor to cause said starter motor to oper-
ate in one direction and said other switch in a closed
position electrically connected to said starter motor to
cause said starter motor to operate in the opposite di-
rection; actuating means carried by said housing for
actuating said ignition switch and including an arcuate
portion having a recess; and detent means mountéd on
said engine and being adapted to frictionally engage said
recess to hold the ignition switch in said “off” position;
said actuating medns being disengageable from said detent
means upon pivotal movément of said housing and
adapted to actuate the ighition switch from said “off” po-
sition to effect current flow through said ignition means
and to selectively close one of said starter motor switches
and start the motor whereby one of said pinion gears is
axially moved on said shaft into engagement with said
startér gear to crank same in a clockwise or counterclock-
wise direction, said starter motor-switches being spaced
apart a distance such that said actuating means when
pivotally moved from a position where one of said
switches is closed to a position where said other switch
is closed describes an angle

360 _
No. of engine cylinders

« equal to

(No. of degrees points open)

where number of degrees points open refers to the num-
ber of degrees said first cam means must be rotated from
a position where said cam means begins to open one of
said points to a position where said cam means closes
said one of said points, whereby said spark when either
of said switches is closed to crank said starter gear oc-
curs when the engine piston is in the same position with
respect to top dead center position.

17. An internal-combustion engine ignition and start-
ing mechanism for engine operation in a - clockwise or
counterclockwise direction comprising: a reversible
starter motor mounted on said engine and having a shaft;

spaced apart pinion gears carried by said shaft and axial-

ly ‘miovable thereon upon rotation of said shaft; a starter
gear carried by said engine transverse to said shaft and

positioned intermediate said pinion gears; an ignition’

housing carried by said engine and pivotal about an axis
with respect thereto; ignition means comprising a pair
of breaker points and first cam means adapted to open
same mounted in part in said housing for providing a

30

35

40

12

spark for said engine, said spark being advanced or re-
tarded upon pivotal movement of said housing; a car-
buretor mounted on said engine and having throttle
means for regulating the speed of the engine; cam means
mounted on said ignition housing for controlling said
throttle means upon pivotal movement of said housing;
a double-pole, double-throw ignition switch mounted on
said engine and having an “off” position; a pair of lat-
erally spaced starter motor switches mounted on said
engine, one of said switches in a closed position elec-
trically connected to said starter motor to cause said
starter motor to operate in one direction and said other
switch in a closed position electrically connected to said
starter motor to cause said starter motor to operate in
the opposite direction; actuating means carried by said
housing for actuating said ignition switch and including
an arcuate portion having a recess; and detent means
mounted on said engine and being adapted to frictional-
ly engage said recess to hold the ignition switch in said
“off” position; said actuating means being disengageable
from said detent means upon pivotal movement of said
housing and adapted to actuate the ignition switch from
said “off” position to effect current flow through said

- ignition means and to selectively close one of said starter

motor switches and start the motor whereby one of
said pinion gears is axially moved on said shaft into en-
gagement with said starter gear to crank same in a clock-
wise or counterclockwise direction, said starter motor
switches being spaced apart a distance such that said
actuating means when pivotally moved from a position
where one of said switches is closed to a position where
said other switch is closed describes an angle

360

@ equal to No. of engine cylinders

(No. of degrees points open)
where number of degrees points open refers to the num-
ber of degrees said first cam means must be rotated from
a position where said cam means begins to open one
of said points to a position where said cam means closes
said one of said points, whereby said spark when either
of said switches is closed to crank said starter gear oc-
curs when the engine piston is in the same position with
respect to top dead center position.
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