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STARTER FOR AUTOMOBILES.

Application ﬁléd May 16, 1925. Serial No. 30,762.

It is the object of my invention to provide
a simple and efficient starting drive for an
internal combustion engine, as of an auto-
mobile. _

5 More specifically, it is the object of my
invention to provide between a starter motor
and such an engine a releasable drive which

. will eliminate strains incident to drives now
In common use, by producing a releasable

} meshing of the motor-driven pinion with a
gear on the engine shaft before the motor
has gained momentum; which will permit
the free. overrunning of the motor-driven
pinion when the engine starts in operation

5 under its own power, until the motor-driven
pnion is demeshed from the engine gear;

~and which desirably will permit a release of

the drive upon excess stress even in the driv-
g dirvection, co that if a backfire of the en-

O gine cecurs the starter motor may continue

to rotate in its normal or forward direction

and thus the strain which is ordinarily put
upon the starter motor and other parts upon

a backfire is eliminated.

“In attaining these cbjects, I mount on a
shaft driven by the starter motor an axially
shiftable pinion which by its axial move-
ment may be meshed with and de-meshed
from a gear on the engine; and provide this
30 pinion as part of a unit which is shiftable

in its'entirety along the starter-motor-driven
~shaft and which embodies a special form of
colled-spring clutch which transmits power
ﬁjom the starter-motor-driven shaft to the
3 pinion in one divection while permitting
free overrunning of the pinion when neces-
sary; and desirably male this coiled-spring
cluteh of such character that the stress which
if transmits even in one dirvection from the
starter-moter-driven shaft to the pinion is

Iimited in amount, so that when such stress
tends to exceed that smount the clutch' re-
Ioaces itselt and permits free relative rota-
(ion of the pinion and the starter-motor-
15 driven chaft even in the direction in which

the driving stress is normally transmitted.

The coiled-spring cluteh which I prefer
to use consists of a coiled spring which is
received in inating recesses which face each
cther axially, so that the coiled spring ex-
tends into both and its outer surfaces co-
operate with the inner surfaces of the mat-
ing vecesres. The mating recesses are pro-
vided in the pinion which is loose on the

&

starter-motor-driven shaft and in a member
which is splined on such shaft so as to be
movable axially thereof. Such a coiled-
spring clutch transmits power from one of
the interconnected members to the other
when the relative movement of such. parts
tends to be such that the friction of the re-
cess walls on the spring tends to unwind the
spring, but allows overruning when the
tendency to relative motion between the two
interconnected members is in such a direc-
tion that such frietion tends to wind the
pring tighter. By properly. proportioning
this epring, the stress which i1s transmitted
even in the first-named direction is limited,
so that when there is an effort to transmit a
greater stress the parts elip upon one an-
other. The unit consisting of the pinion
and the member splined on the starter-
motor-driven shaft 1s desirably interassoci-
ated with the starter-motor switch so that
the movement of the switch shifts such unit.
The starter-motor switch is so arranged that
such shifting normally occurs to produce
meshing of the starter-motor-driven pinion
and engine gear before the starter-motor

switch 1s closed; but allows the closing of-

the switch first if the teeth of such pnion
and gear at any time happen to be so nearly
in direct alinement that the pinion teeth
cannot enter the spaces between the gear
teeth, as sometimes occurs.

The accompanying drawing illustrates
my invention: Fig. 1 1s a side elevation of a
starting drive embodying my invention,
some of the parts being broken away or in
section in order better to illustrate the con-
struction; Fig. 2 is an enlarged Iongitudinal
section through the drive itself, to show the
coiled-spring clutch and the associated
parts; Fig. 3 is a section on the line 83—3 of
Fig. 2; Fig. 4 is an elevation of the coiled
spring of the clutch; Fig. 5 is a longitudinal
section similar to Fig. 4, with a coiled spring
of material of smaller cross-section, by rea-
son of which slipping may occur on excess
load even in the direction 1n which power is
normally transmitted; and Fig. 6 is a sec-
tional detail of the shifter switch.

The engine 10 may have the usual fly-wheel
11, on which is the usual ring-gear 12. The
engine 10 may be any type-of internal com-
bustion engine; it is shown as an automobile
engine, associated with a well-known type of
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transmission device 18, controlled by pedals
14 which project through the floor hoard 15
of the driver’s compartment of the automo-
bile.

The starter motor 16 may also be of any
suitable or convenient construction, and is
most conveniently an electric motor sup-
plied with current from a battery 17, as is
common. practice. The shaft 18 of the
starter motor is mounted in the usual bear-
ings, including a bearing 19 from which such
shaft projects, toward the rear as shown,
to carry my improved drive unit. This
drive unit is desirably mounted directly on
the starter-motor shaft, without intervening
gearing; but it is not essential that there
be no intervening gearing between the
starter motor and the starter-motor-driven
shaft which carries my drive unit. The
Dearing 19 may also serve as a limit-stop
tolimit'the movement in one direction of the
drive uinit along the shaft 18.

The engine and starter motor, per se, may
be of any standard or desirable construc-
tion.

On the projecting end of the starter-
motor-driven shaft 18 ¥ mount my improved
drive unit. This consists fundamentally of
two parts 20 and 21, which may move to-
gether axially as a unit, but under some cir-
cumstances are fixed relatively to each other
to rotate together as a unit while under other
circumstances they may rotate relatively to
each other,

The member 20 is loose on the starter-
motor-driven shaft 18, so that it is free
both to slide thereon and to rotate thereon.
This member 20 is provided with pinion
teeth 22 which may co-operate with the teeth
of the ring-gear 12. Under normal condi-
tions the pinion 22 is in the position shown
i full lines in Fig. 2, so that it 'is out of
the plane of the ring-gear 12 and so is de-
nmeshed’ thereéfrom. When the drive-unit
20—21 is shifted forward on the shaft 18,
Liowever, the pinion teeth 22 arve brought
into miesh with the teeth of the ring-gear
12, as is indicated in dotted lines in Iig.
2; the bearing 19 may serve as a limit-stop
to limit this forward movement of the drive
unit. ' The forward ends of the pinion teeth
22 are desirably beveled, to facilitate mesh-
ing with the teeth of the ring-gear 12, nnd
the entrance ends of the ring-gear teeth may
be similarly beveled if desired; as is stand-
ard construction in starter-motor drives.

The member 21 of the drive unit is asso-
ciated’ with the starter-motor-driven shaft
18; as by splines 23, so that it cannot turn
relatively to said shaft hut may be shifted
along the shaft. This longitudinal shifting
is-always of the two members 20 and 21 as
@ unit; for they are interlocked in any suit-
able way against relative axial movement
other than 1 sufficient for clearance.

This
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interlocking against relative axial move-
ment may be obtained in any convenient
way, as by having the rear end of the mem-
ber 20 telescoped within the forward end
of the member 21, and interlocked against
separation by a split retainer ving 24 suit-
ably located in a circumferential groove on
the inside of the hollow open forward end
of the member 21,

The two members 20 and 21 have mating
circular recesses 26 and 27 in their abutting
ends. A\ coiled cluteh-spring 28 is located
in these recesses, and extends across the
transverse plane of separation between the
two members 20 and 21 and into both re-
cesses 26 and 27. The outer surface of this
clutch-spring 28 is in frictional co-operation
with the internal surfaces of the recesses 26
and 27. In consequence, when there is a
tendency to rotate the two members 20 and
21 in one direction with relation to each
other, the friction of the recess walls on the
outer surface of the clutch-spring tends to
mwind such clutch-spring and  force the
cluteh-spring surface more tightly into en-
gagement with the walls of the recesses 26
and 27, thus locking the two members 20 and
21 together against relative rotation in that
direction; whereas when there is a tendency
to rotate such two members 20 and 21 in
the other direction with relation to each
other, the friction of the recess walls on the
outer surface of the clutch-spring tends to
wind up said clutch spring more tightly,
and thus releases the two members 20 and
21 from the clutch-spring and so from each
other and permits relative rotation between
said two members in that direction. The
locking together of the two members 20 and
21 by the clutch-spring 28 is when the start-
er motor 16 is turning in the proper divec-
tion to start the engine 10, or clockwise in
Fig: 3. and the engine is resisting such turn-
ing, as by its friction and compression;
while the releasing of the two membiers for
relative rotation between them oceurs when
the speed of the shaft 18 is less than the
speed at which the pinion 22 is turned hy
the ving-gear 12 after the engine has started
m operation under its own power: the
colled-spring clutch in the latter case pey-
mitting overrnnning of the member 20 with
respect to the member 21.

For shifting the drive unit 20—-21 axially,
I provide a shifter fork 50, which has in-
wardly- projecting pins 31 which project in-
to a circnmferential groove 32 in one of {he
members 20 or 21; the groove 32 is probably
most convenicutly provided in the member
21, as Mustrated, The shifter fork 50 may
be hung on a suitable pivot 33, and is con-
nected by a link 84 to the downwardly ex-
tending arm of a bell-crank 85. The rear-
wardly extending arm ef such bell-crank 35
lies beneath and normally substantially 1n
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contact with . a
switch 37.
This shifteir switch, in the form shown,
consists of a tube 38 slidingly mounted in a
casing 39-and carrying at its lower end a
cross-connector 40 for connecting two switch
contacts 41 and 42 which are connected by
conductors 43 and 44 to the battery 17 and
the starter motor 16 in the usual way, the
other terminals of such battery and starter
motor being grounded. The head 45 at the
upper end of the pin 36 lies within the tube
38, and is held from downward movement
out of said tube by an inturned flange 46 at
the lower end of said tube; and a spring 47
lies within the tube 88 between the pin-head
45 and the upper end of such tube 38, so that
by the compression of the spring 47 the tube
38 may descend even though the pin 36 is
held from descending. Normally the tube
38 and pin 86 move together; and the parts

pin 36 carried by a shifter

-are so arranged and proportioned that when

the tube 38 1s depressed the cross-connector
40 does not engage: the switch contacts 41
and 42 until after there has been sufficient
movement of the tube 38 normally to pro-
duce meshing of the pinion 22 with the ring-
gear 12. “The downward movement of the
tube 38 and pin 36, and the meshing-pro-
ducing movement of the drive unit 20—21,
are opposed by a spring 48, which when the
operator’s heel is released .from the shifter
switch 87 acts to raise such shifter switch
and to withdraw the drive unit from mesh
with the ring-gear 12. This spring 48 is
shown, for example, as a tension spring act-
ing on the depending arm of the bell-crank
355 but this is merely a convenient arrange-
ment for the spring, and not a necessary
one.

In normal operation, the parts are in the
position shown in:Fig.-1 and in full lines
in Fig. 2. 'The pinion 22 is out of mesh with
the ring-gear 12. This is the condition
when all the parts ave at rest, and also when
the engine 10 is in normal operation.

- When, with the engine 10 at vest, it is de-
sired to start such engine, the operator steps
on the shifter switch 87. The resultant de-
pression of the tube 38 and pin 36 acts to
turn the bell-crank 35 against the spring 48,
dnd to shift the drive unit 2021 forward,
or to the left in Figs. 1 and 2, to the dotted-
This pro-
duces meshing of the pinion 22 with the
ring-gear 12; unless the pinion teeth and
the ring-gear teeth happen to register sub-
stantially exactly so that the entry of the
pinien teeth into the spaces between the
ring-gear teeth is prevented. In the latter
case, the ends of the pinion teeth and the
ring-gear teeth bear against each other, and
the spring 47 is compressed to let the tube
38 descend even though the pin 86 is held

from - descending.. The bevels on the ends

of the teeth tend to promote meshing of the
teeth; and such bevels are desirably in-the
proper direction that their camming action
on each other tends to rotate the member
20 in the direction in which the spring 28
permits it to turn freely. At the last part
of the downward movement ‘of the shifter
switch, the cross-connector 40 engages the
switch contacts 41 and 42 to complete the

starter-motor circuit; whereupon the starter -

moter starts at once to rotate. Ordinarily
this starter-motor rotation .does not start
until after the pinion teeth and gear teeth
are fully in mesh; but if the teeth of the
pinion and ring-gear happen to have reg-
istered so that such meshing has been pre-
vented, the meshing occurs as soon as the
stavter motor has turned the pinion 28 half
a tooth-pitch; as by that time the spring 47,
which is stronger than the spring 48, will
have expanded to force down the pin 36 and
move the drive unit forward as soon as the
pinion teeth and the ring-gear teeth have
been moved slightly out of line with each
other.
ring gear, as well as all the other parts, ave
prevented from receiving the shock which
occurs in certain present-day drives, because
the meshing of the teeth occurs before the
pinion has gained any material amount of
speed. o :

Upon the starting of the starter motor 16,
with the teeth of the pinion and ring-gear
already in mesh, or in mesh within half a
tooth-space, power is transmitted from the
starter-motor-driven shaft 18 and member
21 through the clutch-spring 28 to the mem-
ber 20 in such a dirvection that the friction
of the parts tend to unwind “the clutch-
spring 28. .This locks the two Farts 20 and
91 together; and the power thus received
by the member 20 is transmitted by its
pinion teeth 22 to the ring-gear 12, to turn
over the engine 10,

“As soon as the engine 10 starts to operate
under its own power, the ring-gear 12 starts
to votate more rapidly than while it was
Leing driven by the starter motor, and
drives the pinion 22 and part 20 with cor-
respondingly increased speed.  In conse-
quence, the member 20 rung ahead of the
member 21; which is permitted because this
tendency to relative votation between - the
parts 20 and 21 tends to wind up the cluteh-
spring 28 and thus to release it from such
mernbers to permit such relative rotation in
that direction Ordinarily as soon as this oc-
curs, the operator releases the shifter switch
37, whereupon the spring 48 raises such
shifter switch and moves the driva unit.to
the rear (or to the right in Figs. 1 and 2) to
the full-line position shown, to de-mesh the
pinion teeth 22 from the ring-gear 12.
However, if the operator fails to do this im-
wediately, no harw ensues, because the int

Thus the teeth of the pinion and ¢
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“motor-driven -shaft, a  member

teraction of the clutch-spring 28 with the
recesses 26 and 27 permits the free overrun-
ning of the member 20 ahead of the mem-
ber 21.

In case of a backfire of the engine 10 as
it is being started, power is transmitted
from the member 20 to the member 21 tend-
ing to drive the starter motor 16 backward;
for with this back drive of the member 20
upon a backfire there ig the same clutch-
spring-unwinding tendency to relative rota-
tion between the members 20 and 21 as
there is when power is transmitted for said
driving from the member 21 to the mem-
ber 20.. This may put a great strain on the
parts, particularly on the starter motor. I
may avoid this, however, by making the
cross-section of the clutch-spring 28 smaller,
as is indicated in Fig. 5, so that it has less
ability to transmit power.  That is, I have
found by experiment that by making the
clutch-spring 28 of smaller cross-section, its
capacity to. transmit power even in the
spring-unwinding  direction is thereby ve-
duced; and, as a result, the capacity of the
clutch=spring to traismit power even in the
spring-unwinding direction may be reduced
to a point-below that which is reached upon
a backfire of the engine, with the result that
though the member 20 may turn backward
the starter motor itself and its shaft 18 and
the member 21 may continue to rotate for-
ward. This reduction in cross-sectional area
of the clutch-spring 28 will depend upon iis
diameter, upon the size of the engine, and
upon  the power ‘of the starter motor,
and will vary with different installations.
Whether with or without the reduced cross-
sectional area, it is not essential that the in-
dividual - turns of the clutch-spring 28
should be square; although it is illustrated
as square in Fig. 2, as such cross-section may

take other shapes as desired,

I claim as my invention:—

1. A starter drive, comprising a starter-
rotatably
fixed ‘on but movable axially of said shaft,
a pinion axially. fixed to said member but
rotatable relatively to both said shaft and
said member, a gear connected with an in-
ternal combustion engine and into and out
of mesh with which .said pinion is movable
by axial movement on said shaft, adjacent
end faces of said member and pinion being
provided with :mating recesses, and a heli-
cally “wound clutch-spring located in said
recesses ‘to ‘have frictional bearing- with the
walls thereof.

2. A starter drive, comprising a starter-
motor-driven shaft, a member rotatably
fixed on but movable axially of said shaft,
a second member axially -fixed to said first
mémber and movable axially of said shaft
‘therewith, said second .member being ro-

tatable relatively to both said shaft and said
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first member, a power-receiving member as-
sociated with an internal combustion engine
and into and out of driving connection with
which said second member is movable by the
axial movement of said two members on said
shaft, and a helical clutch-spring in fric-
tional engagement with hoth of said two
members to interconnect them to transmit
power in one direction of relative rotation

while permitting free rotation between them 7

in the other direction.

3. A starter drive as set forth in claim 2,
with the addition that said helical clutch-
spring is so proportioned that it has a suf-
ficiently small friction against a member
in which it works that it will release its grip
when the force between the two members it
connects exceeds a certain maximum less
than that produced on the backfive of the
engine,

4, In combination, 2 driven member as-
sociated with an internal combustion en-
gine, a starter motor, and a driving connec-
tion separably connecting said starter mo-
tor with said driven member for operating
it to start the engine, said driving connec-
tion between said starter motor and the
driven member including two coaxial parts
rotatable relatively to each other and force

transmission means acting between said two %

coaxial parts and co-acting directly with
both of them and arranged and propor-
tioned to transmit power from one to the
other when the force between them in one

direction does not exceed a certain maxi-

mum less than that produced on the baclk-
fire of the engine but to move relatively to
each other without transmitting power both
when the force between them exceeds such
maximum in such one direction and when
the foree between them is in the opposite
direction, said two coaxial parts having
mating coaxial recesses, and said force-
transmitting means being a coiled clutch-
spring received in said mating coaxial re-
cesses.

5. A starter drive, comprising a startes-
motor-driven shaft, & power-receiving mem-
ber associated with an internal combustion

engine for turning the latter in starting,

and means interconnecting said shaft and
said power-receiving member and including
two co-axial parts having mating recesses
and a coiled cluteh-spring received in said
mating recesses and in frictional engage-
ment with the walls thereef, said intercon-
necting means also including a completely
separable connection besides said mating re-
cesses and clutch-spring. ‘

6. A starting driving train for starting
internal combustion engines, comprising
two power-transmitting devices  in series,
one of said power-transmitting devices in-
cluding -two members having mating axial
recesses ‘and a helical spring interconnect-
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ing said two members and received in and
bearing against the walls of said recesses,
and the other power-transmitting device
including two members which can be moved
into and out of engagement with each other,
said second power-transmitting device belna
located in the driving train closer to the out.
going-power end thereof than is the first
power—transmitting device.

7. A starting driving train for starting
internal combustion - engines, comprising
two power-transmitting devices in series,
one of said power-transmitting devices in-
cluding two members and a ‘helical spring
interconnecting said two members, and fric-
tionally gripping both: of them on curved
surfaces and the other power-transmitting
device including two members which can be
moved into and out of engagement with each
other, said second power—transmitting de-
vice being located in the driving train closer
to .the outgoing-power end thereof than is
the first power-transmitting device.

8. In combination, an internal combus-
tion engine, a starter motor therefor, and
a driving train for mterconnectmg said
starter motor to said internal combustion
engine, said driving train comprising two

S

power~transmlttlno devices in series, one of
said power-transmitting devices including
two members having matlnrr axial recesses
and a helical spring 1nterconnect1n0' said
two members and received in and bearln(r
against the walls of said recesses, and the
othcr power-transmitting device mdudlno
two members which can be moved into and
out of engagement with each other.

9. In combmatlon an internal combustion
engine, a starter motor therefor, and a driv-
ing train for interconnecting ‘said starter
motor to said internal combustxon engine,
said driving traih comprising two power-
transmttlno devices in series, one of said
power- transnnl,tmg devices including two
members and a helical spring interconnect-
ing said two members and frictionally grip-
ping both of them on curved surfaces and
the other power-transmitting device includ-
ing two members which can be moved into
and out of engagement with each other.

In witness whereof, I have hereunto set
my  hand at Indianapolis, Indiana, this
14th day of May, A. D. one thousand nine
hundred and twenty five.

WILLIAM CARLETON STARKEY.
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