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5 Claims.

" This invention relates to starting devices for
internal combustion engines, and particularly to
devices having automatic means for positively
connecting the starter to the engine to be started.

The invention utilizes in a novel construction

a conventional type of pinion forming a nut which
rides on a screw shaft. Said pinion is moved
by inertia at the time the starter is set in motion
and is adapted to mesh with a gear-wheel car-
ried by the engine to be started.
" Apparatus of this type to be practical must
overcome the difficulty which arises when the end
of the tooth of the pinion comes in contact with
the end of the teeth of the gear wheel of the
engine. T is essential $6 avoid any wedging that
the pinion, the rotation of which has been
stopped,. may be permitted to have an angular
and longitudinal movement along the shaft of
the starter so as to turn relative to the end of
the teoth with which it is in contact and then
to move for properly meshing with the gear-wheel
of the engins.

Usually this difficulty is overcome by interpos-
ing o strong heavy spring between the pinion and
the shaft of the starter. Such spring transmits
either the entire torgue generated by the starter
‘or ‘a resultant thereof. Such spring therefore
withstands considerable stresses, particularly,
when the engine recoils due to premature igni-
tion. In such cases the springs are often per-
manently distorted and broken. Such springs
to be practical must therefore be relatively large,
‘heavy and cumbersome, and costly to manufac-
ture. They also require the use of numerous
other parts for assembly which are also cumber-
some and expensive,

The invention wiil be seen to comprise an im-
proved device of the character described having
a starter shaft formed with a thread of long pitch.
This thread includes a space between its turns,
that is to say, the fturns are not tangent az in a
norinal thread, but are spaced apart so as to
‘leave between them a free portion or zone.

Seaid improved device also has a pinion formed
with a tail piece and comstitutes a nut which
rides on the starter shaft thread. The thread of
the pinion nut has substantially the same pitch
as the thread of the starter shaft on which it is
mounted.

Said improved device in addition provides said
pinion with a resilient member having one end
pressing on the thread of the starter shaft and

-the other or opposite end bearing on the pinion.
This resilient member is so proportioned and po-
sitioned relative the pinion and the starter shaft

(L. 74—7)

that when the device is at rest said member takes
up substantially all the longitudinal play or clear-
ance and also all the angular play or clearance
existing between the pinion and the starter shaft
due to the formation of the threads on the pinion
nut and starter shaft as described above.

The invention will ke clearly understood from
the following description and drawings in which
is shown various possible illustrative embodiments
of the invention given by way of example only.
With reference to the accompanying drawings:

Fig. 1 is a longitudinal sectional view of a de-
vice embodying the invention.

Fig. 2 is a cross-sectional view taken on line
2—2 in Fig. 1.

Fig. 3 is a plan view corresponding to Fig. 1.

Fig. 4 is a longitudinal sectional view of a
modified form of device embodying the invention.

Figs. 5 and 6 are side and elevational views,
respectively, of a bearing washer forming part
of the device shown in Fig. 4, and

Figs. 7T and 8 are side and elevational views,
respectively, of a resilient washer forming part
of the device shown in Fig. 4.

Referring now to the drawings, in Figs. 1 1o
3, an improved starting device of the character
described is shown, said device being adapted to
automatically make a positive temporary connec-
tion between a starter and internal combustion
engine.

The parts or elements are preferably made,
fitted in position and arranged as follows:

A shaft 1 of a starter rotor which is mounted
for providing starting power for an internal com-
bustion engine, carries at one of its ends an in-
tegrally formed screw-threaded part 2, said
thread having a relatively long pitch for the pur-
pose hereinafter described. A nub 3, comprising
8 tooth pinion 4 and an extending tail piece 5 is
mounted on said screw-threaded part 2 of said
starter shaft. The tail piece 5 of said nut is
formed with a hole 6 communicating with a slot
7. Into said hole 6 extends one end 8 of a
spring 9, the latter being wound about the tail
plece 5 of the pinion nut and is secured to the
latter by the other or opposite end 10. Said end
10 extends into a hole 11 provided in said tail
Diece 5, as is clearly shown in Figs. 1 and 3. The
end 8 of the spring is curved so as to closely fit
the flank 12 of the starter shaft thread, as is
clearly shown in Fig. 2. The spring 9 when
positioned in place may be slightly stretched by
winding it about the tail piece 5 of the nut 3
to permit the end 10 of said spring to enter
into the hole 11 while the other end 8 is inserted
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in the hole 6. The slot 7 communicating with
the hole 6 serves to place the spring 9 in position
and to allow passage of the curved end 8 of the
spring, thus facilitating the assemblage of the
latier. For limiting the movement of the pinion
nut on the starter shaft, the ends of the scraw-
shaft may be provided with spaced abulmnent
stops i3 and 14.

A light coil spring 15, interposed between the
end of the pinion nut and the abutment 14, re-
tains the pinion nut in its normal position of
rest, as shown in dotted lines in Fig. 1.

The fragmentary part of a fly-wheel of the
engine to bhe started is shewn at 16 in Fig. 1,
said fly-wheel having a gear-wheel 17 adapted
to engage with the pinion 4.

As described above, the pinion 4 and the in-
tegrally formed tail piece 5 constifutes the nutb
3 which is normally retracied and vot in mesh
with the gear-wheel 17, as indicated i the dotted
line in Fig. 1 of the drawings. The light spring
15 tends to hold said nut in this position svaced
from the abutment 14, The respective positions
of the pinion nut 3, screw shaft 2 and spring 2
are then such that the flank 18 of the inlernal
screw thread of said nut 3 is brought in close
proximity to the flank 18 of the starter shaft
thread. In fact this position is positively at-
tained by the location of the end 8 of the power-
ful spring 9, said end being tangent at 20 to the
flank of the threads 12 of the starter shaft.

1t is to be noted that the internal screw-
thread of nut 3 extends only through the portion
XY thereof, the portion YZ being of smocth bore
and therefore without any screw-threads as
shown in Fig. 1.

The operation of an improved device such as
described above is as follows:

Assuming the internal combustion engine to
be at rest and as described above the pinion
nut in its normal position of rest as indicated in
dotted lines in Fig. 1, the starter (an electric
starter being here considered) is connected o a
suitable power source which causes the starter
shaft to rotate in the direction indicated by the
arrow shown in Fig. 2. Due fo inertia the pinion
nut advances on the starter shaft thread from
its retracted position shown in the dotied line
in Fig. 1 in the direction of the fly-wheel of the
engine by being pushed, since the end 8 of the
spring 9 is caused to advance along the shaft-
thread 12.

If, in the course of this movement of transla-
tion of the pinion 4 toward the abutment stop
14 the ends of the pinion teeth do nct come into
contact with the ends of the teeth of the gear-
wheel 17, the pinion 4 will enter into proper
mesh engagement with said gear-wheel 17 and
will abut against the abutmient stcp 14. The
light spring 15 will then be fully compressad and
as the pinion nut 3 can no longer continue in
its longitudinal movement of translation, said
nut will be caused to rotate by the starter shaft
in the following manner.

TWhen the pinion nut 2 is stopped by the abut-
ment stop 14, the pinion 4 being then in mesh
engagement with the gear-wheel 17, the resist-
ant torque of the engine to be started tends to
prevent the pinion nut from rotating. The end
8 of the compression spring 3§ is then carried
along by the thread 12 of the shaft. The move-
ment of said spring end 8 is only opposed by the
vesiliency of the spring 9 which is readily over-
come by the starter torque generated.

The starter shaft therefore rotates (withous

‘be caused

1,948,897

the pinion which is then held stationary) a suf~
ficient distance to bring the edge 21 of the shaft
thread in contact with the edge 22 of the inner
screw-thread of the pinion nuf. During this
slight rotation of the starter shaft relative to
the nut, the spring 9 is compressed and is wound
up an amount corresponding to the relative dis-
placement of the starter shaft with respect to
the pinion nut. As soon as the screw-thread
edges 21 and 22 come in'contact the pinion 4 will
to rotate with the starter shaft
through the gear-wheel 17 for driving the en-
gine, It is to be noted that the torque then
generated by the starter is directly transmitted
to the pinion by the starter shaft without the
intermediary compression spring 9. In fact, the
spring 9 is only subjected to a relatively small
torque compared with the total torque reguired
for starting the engine. This small torque ex-
arted on the spring &, due to the angular dis-
placement of the starter shaft relative to the
pinion nut, provides a positive drive for the lat-
ter by eliminating (in the direction of rotation)
thie play or clearance existing between the re-
spective external and internal threads of the
starter shaft and nut.

When tie internal combustion engine has been
started and the peripheral speed of the gear-
whesl 17 becomes greater than the corresponding
maximum peripheral speed of the pinion driven
by ths starter, the pinien nut unscrews on the
starter shaft. On releasing the spring 9 from
its compression, the pinion will come back to its
normal position of rest indicated in dotted lines
in Fig. 1.
the small spring 15.

Returning now to the starting operation above
described, if it is assumed that when the forward
or leading end of the pinion 4 is advanced from
its retracted position toward the gear-wheel 17
and said leading pinion end engages with the
end of the gear-wheel preventing the proper
mesh engagement, the following takes place:

Ag the pinion is stopped by the teeth of the
pinion and the gear-wheel coming intc abut-
ment, the movement of translation of the pinion
nut is necessarily stopped and the latter can no
longer move forward of its projected position.
The starter shaft will however continue to rotate

against the compressive action of the spring 9, ;

owing to the play or clearance existing between
the shafi-threads and those of the pinion. When
thus rotated, said shaft drives through its thread
the spring end 8 and compresses and winds up the

spring 9 causing it to exert by reaction a tangen- g

tial and axial rvesilient stress, that is, turning
force on the pinion nut 3. This is accomplished
because the spring 9 has its end 10 opposite the
end 8 secured in the hole 11 of the pinion. When
the tangential stress or turning force due to the
progressive tension of the spring 9 becomes suf-
ficiently great to overcome the resistance oppos-
ing sliding movement of the tooth of the pinion
against the tooth of the gear-wheel with which

it is in engagement, the pinion nut will rotate

(being urged by the spring 9) a sufficient amount
for sliding the end of the pinion tooth on the
gear-tooth until there is no further obstruction
to the forward or projecting movement of the
pinion nut.
the compressive force of the spring 9 when it
comes into the normal position to permit mesh-
ing engagement between the pinion 4 and the
gear-wheel 17. The spring 9 then is released,
the pinion 4 and gear-wheel 17 become properly

Here said pinion nut will be held by 3

The pinion is pushed forward by j
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meshed, and the starting operation of the en-
gine continued as described above.

In Figs. 4 to 8 of the drawings, there is shown
second form of construction of starting device
embodying - the invention. The latter here
shown, provides a less cumbersome, lighter and
relatively less expensive consfruction than the
first starting devices described above and shown
in Figs. 1 to 3, inclusive. In this second form of
starting device, the coil compression spring 9
which has the double function of providing a
resilient element and a spacing element bearing
on the shaft thread 2 used in the first form as
shown in Figs, 1 and 2 is replaced by resilient
means acting solely through its resiliency and
by a separate guide means bearing on the flanks
and starter-shaft thread.

This second form of starting device is also
adapted to form an automatic means for posi-
tively connecting the starter to an internal com-
bustion engine and is constructed similar to the
first form of device except as will hereinafter be
pointed out.

The shaft 1 of the starter rotor carries on one
of its ends the integrally formed screw-thread
part 2 having a long pitch. A nut 3 comprising a
tooth pinicn 4 having an extending tail piece 5
is mounted on the screw-thread of said starter
shaft. t the opposite ends of said thread there
is provided abutment stops 13 and 14 for limiting
the displacement of the pinion nut on the starter
shaft. Resilient means 24 comprising a series of
spring washers is interposed between the abut-
ment stop 14 and the forward or leading end of
the pinion 4. In this second form of engine
starter construction there is provided two dia-
metrically opposite grooves 25 in the tail piece
5, the coil compression spring 9 of the first form
of starting device being here replaced by a washer
26 having spring segments 27 which alone pro-
vide a resilient action ahd a washer 28 having
tenons 29 which are made to conform to the shape
of the flanks of the shaft-thread 2.

It is to be noted that the actuation of the
washer 28 by the pinion nut takes place due to
the fact that the space between the threads of
the screw-thread part 2 and the internal threads
of the pinion is smaller than the tail piece 5 on
which the washer 28 moves.

The operation of this second form of construc-
tion is similar to that described above for the firsy
form, the spring washer 25 serving the same pur-
pose as the coil spring 15 and the washers 26
having resilient segments 27 and washers 26 serv-

5 ing the same function as the compression coil

spring 9.

It is to be understood that the forms of con-
struction are not limited in any way to the details
described and illustrated, but are intended to in-
clude all modifications, particularly such in which
the screw-threaded part 2 of the shaft 1 com-

3

prises an independent sleeve fixedly secured on
the shaft 1.

What I claim as my invention and desire to
secure by Letters Patent, is:

1. A starting device for internal combustion
engines, including in combination, a one-piece
screw-threaded motor-driven shaft, a toothed
pinion having an internal screw threaded part
mounted with longitudinal play in engagement
with said screw-threaded motor-driven shaft,
said pinion being adapted to mesh with a gear
wheel of an engine fly-wheel, and a resilient ele-
ment carried by said pinion and positioned to
engage a thread of said motor-driven shaft for
taking up said longitudinal play.

2. The device defined in claim 1 in which said
pinion is provided with a tail piece for supporting
and guiding said resilient element.

3. A starting device for internal combustion
engines comprising in combination, a screw
threaded meotor-driven shaft, a toothed pinion
having an internal screw threaded part mounted
with longitudinal play on said motor driven shaft,
said pinion being adapted to mesh with the gear
wheel of an engine fly wheel, and resilient means
extending from said pinion, said pinion being
provided with a tail piece having a length greater
than the distance separating the opposed flanks
of two adjacent screw threads of said shaft and
having a slot adapted to guide said resilient
means with respect to said pinion.

4. A starting device for internal combustion
engines comprising in combination, a screw
threaded motor driven shaft, a toothed pinion
having an internal screw threaded part mounted
with longitudinal play on said motor driven shaft,
said pinion being adapted to mesh with the gear
wheel of an engine fly wheel, resilient means ex-
tending from said pinion, said pinion being pro-
vided with a tail piece having a length greater
than the distance separating the opposed flanks
of two adjacent serew threads of said shaft and
having a slot, and means for guiding the resilient
means with respect to said pinion, said means
including tenons extending to abut the flanks of
threads of said motor driven shaft.

5. A starting device for internal combustion en-
gines including in combination, a screw-threaded
drive shaft, a toothed pinion having an internal
screw-threaded part mounted with longitudinal
play on said screw-threaded shaft, said pinion be~
ing adapted to mesh with a gear-wheel of an en-~
gine fly-wheel, and a compression spring carried
by the pinion for resiliently taking up said longi-
tudinal play, portions of said spring reacting
compressively on the threaded parts of the drive-
shaft, said spring being compressible for making
the longitudinal play effective when said pinion
and gear are in unmeshed contact.

MARCEL BAILLY.
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