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10 Claims.

. The present invention relates to drive gearing

for engine starters and more particularly to &

starter drive, the engagement of which is con-

_ trolled automatically by the energization of the
" starting motor. '

In starter drives of the type in which energiza-

tion of a starting motor causes the pinion to

engage .and crank a gear on the engine to be

.. started, the pinion is usually returned immedi-

10° ately to its idle position by the overrunning of the

engine gear. when the engine starts. If then the
engine should stall or stop for any reason, it is
necessary for the starting motor to come sub-
.. stantially to rest and then be re-energized in
15° order to secure re-engagement of the drive and
resumption of the cranking operation.
It is an object of the present invention to.pro-
vide a novel starter drive of the type in which the
.. gearing is automatically engaged by acceleration
90" of the starting motor, which is simple in con-
struction and efficient and reliable in operation.
It is another object to provide such a device
which is arranged to maintain the engagement of
_ the gearing as long as the starting motor remains
25 energized irrespective of whether or not the
engine becomes self-operative. =
1t is a further object to provide such a device
incorporating provisions for permitting the engine
... to overrun the drive without causing disengage-
30" ment thereof.
It is another object to provide such a device
. which includes & self-tightening clutch connec-
tion between the starting motor and pinion.
_ Tt is another object to provide such a device in
35 which the engagement of the drive is maintained
by speed-responsive meéans rotatable with the
starting motor. . .
Purther objects and advantages will be appar-
_ent from the following description taken in con-
- 40 nection with the accompanying drawings in
which: . - . ’ : .
. PFig. 1 is a side elevation partly in section of a
starter drive incorporating a preferred embodi-
ment of the invention; ’ .
Fig. 2 is a similar view showing the parts in the
positions assumed durihg the cranking operation;
Fig. 3 is a section taken substantially on the
line 3—3 of Fig. 1; - .

45

Fig. 4 is a section taken substantially on the:

50 line 4—4 of Fig. 1;

Fig. 5 is a view similar to Fig. 1 of a second

embodiment of the invention;
Fig. 6 is a similar view showing the parts in
driving position; '

65 Fig. 7T is a section taken substantially on the

(CL 74—7)

line 7—17 of Fig. 6, showing the parts in locked
position; and .

. Pig. 8 is a section taken substantially on the
line 8—8 of Fig. 5.

In Fig. 1 of the drawings there is illustrated a
power shaft | which may be the extended arma-
ture shaft of a starting motor, not {llustrated. A
pinion 2 is slidably journalled on the power shaft
for longitudinal movement into and out of en-

. gagement with a member 3 such as a fiywheel

gear of an engine to be started. :

A hollow sleeve 4 is fixed on the power shaft |
by suitable means such as a key 5 and pin 6.
Sleeve 4 is provided adjacent one end with an
enlarged portion T having a non-circular or
«double-D” cross section, the remainder of the
sleeve being cylindrical and threaded at its oppo-
site ehd -as indicated at 8 for the reception of a
stopnut 9. _

A screw shaft i is slidably journalled on the
sleeve 4 between the stop nut 9 and a shoulder 12
formed by the end of the enlarged portion 7 of the
sleeve. Screw shaft 11 is provided with an
enlarged head portion 13 of “double-D” cross
section with a thrust shoulder- {4 adjacent there-
to. Driving and driven anchor members 15 and
16 in the form of discs or plates are provided with
central openings T and 18 fitting the “double-D”
enlargements 7 and 13 of the sleeve 4 and screw
shaft I respectively. The driving anchor mem-
ber 15 is confined on the enlargement or driving
head T by means of & split lock ring I8, while the
driven anchor member 16 bears against the shoul-
der 14 on the enlargement or driven head 13.

A yielding transmission member in the form of
a spiral spring 21 is arranged to surround the
driving and driven heads
outturned ends 22 and 23 entering axial slots 24
and 25 in the anchor members 15 and 16 respec-
tively so as to yieldingly connect- said members
for rotation in unison while permitting longitudi-
nal movement of the screw shaft t1 toward the

driving head T until stopped by a thrust washer '

26 seated against the shoulder 12.

Means responsive to acceleration of the power
shaft | and consequently of the screw shaft (1 for
moving the pinion 2 into operative engagement
with the engine gear 3, is provided including a nut
27 threaded on the screw shaft, a barrel member

28 enclosing said nut and anchored as indicated

at 29 to the pinion 2, and a clutch plate 31 in the

barrel having peripheral lugs 32 slidably engaging .

in slots 33 in the barrel and having a clutch

"surface 34 arranged to cooperate with a clutch
. surface 35 on the nut 21. Means for confining
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2
the nut 27 and clutch plate 31 in the barrel are

provided in the form of thrust washer 36 and a
split lock ring 37.

An anti-drift spring 38 located between a .

5 peripheral flange 39 on the stop nut 9 and the
clutch plate 31 serves to normally maintain the
parts in idle position. Frictional control means
for the clutch nut 27 is prov1ded in the form of a

. wire ring 41 seated in a groove 42 in the periphery.

10 of the nut and having an outturned-end 43 engag-
ing in a slot 33 of the barrel.
to wrap down and grip the nut when the nut tends
to overrun the barrel. Ring 41 also serves to
transmit from the barrel to the nut a frictional

15 rotative drag when the barrel overruns the nut.

: According to the present invention, means are
provided for holding the pinion in its operative
position responsive to rotation of the power
shaft above a predetermined speed. As here

20 shown, this means is in the form of a centrifugal
latch 44 mounted in a longitudinal slot 45 in
the screw shaft and anchored at one end within
the driven head 13 as indicated at 46. The free
end of the latch is provided with a tooth or pro-

28 jection 41 which normally conforms to & por-
tion of the thread on the screw shaft (I, but is
movable by centrifugal force as shown in Fig. 2
to bring it into abutting relation with the- rear
surface of the clutch nut 27.

~ 80  The end of the latch 44 is preferably turned out
and anchored in a hole 48 in the sleeve in order
to position the latch longitudinally with respect
to the sleeve. The slot 45 preferably terminates
in an inclined or stepped wall 49 which is ar-

35 ranged to engage the free end of the latch 44
and limit the outward movement of the latch to
the position illustrated in Fig. 2.

In the operation of the invention, starting with -

the parts in the positions illustrated in Fig. 1,
40 rotation of the power shaft I by the starting
motor is transmitted through sleeve 4 and spring
2| to the screw shaft (I, Nut 27 is held from
rotation by the control member &1 which is
anchored in the barrel, whereby nut 27 is con-
45 strained to move longitudinally along the screw
shaft, which motion is transmitted through the
clutch plate 31 to the barrel 28 to move the
pinion 2 into engagement with the engine gear
3. When the clutch plate 31 engages the stop

50 nut 9, longitudinal movement thereof is ar-
rested and the clutch nut 27 is caused to clamp
the plate 31 against the stop nut and transmit
rotation thereto.

When the engine starts the acceleration. of

55 the engine gear 3 causes the pinion 2 and barrel
28 to overrun the screw shaft il whereby the
nut 27 is backed away from the clutch plate 3I,
allowing the pinion barrel and clutch plate to
overrun.

60 If the engine continues self-operative,
overrunning of the barrel 28 causes a frictional
drag through the spring ring 4 to be applied to
the nut 27, tending to move it back to idle po-

. sition. As long as the parts are rotating above

G5 & bpredetermined speed, however, the latch &4

- is held out to its operative position as shown in.

Fig. 2, preventing backward motion of the nut
27 and holding the parts in operative position. If
the engine should not continue to be self-opera-
" 70 tive, therefore, the starting motor will resume
cranking the engine as soon as the engine slows
down to a speed corresponding to the speed of
the starting motor. This operation may be re-
peated indefinitely until a true start is secured
v5 and the engine remains self-operative. When

Ring 41 is arranged -

the
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this occurs, the operator causes the starting motor
to be deenergized, whereupon the-power shaft |
and its associated parts slow down, and the latch ___ _
44 returns to idle position. Nut 27 is then trav-
ersed back to its idle position by the frictional §
effect of the spring ring 41, thus returning the
pinion and barrel to their normal positions as-
sisted by the anti-drift spring 38, in which po-
itions these latter parts may continue to over-
run until their rotary momentum is dissipated. 10

In Figs. 5 to 8 inclusive there is illustrated a
second embodiment of the invention involving a
re-location of the overrunning clutch, and a dif-
ferent form of centrifugal latch.

As here illustrated, a hollow sleeve 50 fixed to 15
the power shaft 51 has freely journalled thereon
a screw shaft 52 yieldably driven from the hollow
shaft by a yielding driving connection including
a spring 53 in the same manner as in the embodi-
ment previously described. A control nut 54 is 20
threaded on the screw shaft 52 and is rigidly
connected in any suitable manner with a barrel
member 55. A stop nut 56 fixed on the end of
the hollow shaft 58 acfs as an abutment both for
the screw shaft 52 and the control nut 54, An 28
anti-drift spring 57 normally mainfains the con-
trol nut 54 in its idle position as illustrated in
Fig. 1.

A pinion 58 is freely journalled on the power
shaft 51 and is connected to the barrel 55 by 30
means of an overrunning clutch which is ar-
ranged to provide for limited relative longitudinal
movement. As here illustrated, the pinion 58
has an extended hub 59 to which is rigidly fixed
a flange member 61 having ratchet teeth 62 35
formed on one side thereof. A cooperating clutch
flange 63 is formed on .or rigidly mounted in
the end of the barrel 55 and is provided with
ratchet teeth 64 arranged to cooperate with the
teeth 62 of clutch flange 6f. A spring 65 40
mounted on the hub ,of the pinion bearing
against the end of the barrel yieldingly main-
tains the clutch teeth 82, 64 in engagement but
permits -them to overrun when the pinion is ac-
celerated with respect to the barrel. 45

Centrifugal means for opposing traversal of
the control nut 54 back to its idle position, are
provided in the form of a latch member 66 (Fig

D) pivoted at 67 to the control nut 54 and having

a nose 68 arranged to engage against a shoulder §0
69 formed in the periphery of the screw shaft 52.
A spring 71 moéunted on the barrel is provided for
normally holding the latch out of engaging po-
sition, the latch being moved into engaging posi-
tion, as illustrated in Fig. 7, by cenftrifugal 55
force acting on the latch when the control nut

“and barrel a,re rotating above a predetermined .

speed.

In the operation of this embodiment of the In-
vention, starting with the parts in the positions 60
shown in Fig. 5, energization of the power shaft -

" 51 causes rotation of the screw shaft 52 in the

direction of the arrow whereby the control nut
54 is traversed into engagement with the stop
nut 56, thus moving the pinion 58 into mesh with 65
a member such as a flywheel gear 12 of an en-
gine to be started. Torque is thereupon trans-
mitted from the screw shaft through the barrel §5
and clutch connection 54 62 to the pinion 58 to
crank the engine. 70
When the engine starts, the acceleration of the
engine gear 12 causes the pinion 58 to overrun the
barrel 55 which is readily permitted by the over-
running clutch connection under the control of
spring 63. Since at this time the screw shaft 52, 75
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control nut 54 and barrel 88 are in rotation, the
latch 68 is engaged against the shoulder €9 on
the screw shaft and maintains the control nut 54
in its operative position as long as the power

5 shaft 51 continues to be rotated by the sta.rting
motor.

When the operator opens the starting motor
circuit, rotation of the power shaft, screw shaft,
control nut and barrel ceases, whereupon the

10 latch 66 is moved by the spring 11 into inopera-
tive position, after which the control nut, bar-
rel and pinion are permitted to be traversed back

to idle position by the frictional drag of {the ro-
tating pinion through the overrunning clutch

15 connection wth the barrel, assisted by the action
of the anti-drift spring 57.

It will thus be seen that in this embodiment
of the invention as in the embodiment first de-

~scribed, the starting pinfon is maintained in mesh

20 with the engine gear irrespective of overrunning
thereof as long as the starting motor is ener-

" gized, premature demeshing being positively pre-
vented by the centrifugal latch 68.

It will be understood that the invention is not’

25 limited to the precise form of overrunning con-
nection shown, since any suitable form of over-
funning clutch may be used if it is arranged to
engage and drive posﬂ:lvely and to release with-
out sticking.

30 Although but two embodiments of the inven-
tion have been shown and described in detail,
it will be understood that other embodiments are
possible and various changes may be made in the

esigrran&apranwmﬂde

35 parting from the spirit o; e Invention as de-
fined in the claims appended hereto.

What is clalmed is:

1. In combination with a power shaft an en-
gine starter drive mounted thereon including

40 a pinion slidable on the power shaft into and
out of engagement with a member of the engine
to be started, means responsive to acceleration
of the power shaft for moving the pinion into

~ operative position, means including an overrun-

45 ning clutch connection thereupon operative to
rotate the pinion from the power shaft, said mov-
ing means being operative to return the pinion to
idle position when the drive overruns the power
shaft, and -means responsive to the speed of rota-

50 tion of the power shaft for holding the pinion

. in its operative position.

2. In combination with a power shaft, an en-
gine starter drive mounted thereon including a
pinion slidable on the power shaft into and out

55 of engagement with a member of the engine to
be started, means responsive to acceleration of
the power shaft for moving the pinion into op-

. erative position, means including an overrunning
clutch connection thereupon- operative to rotate

60 the pinion from the power shaft, sald moving
means being operative to return the pinion to
idle position when the drive overruns the power

_ shaft, and a detent member mounted to rotate

. substantially at the same speed as the power

- 65 shaft, and movable by centrifugal force to en-
gage an element of tlie pinion moving means and
prevent return of the pinion to idie position.

3. In an engine starter drive, a motor shaft, a
pinion movable thereon into and out of engage-

70 ment with a member of an engine to be started,

actuating means for the pinion including a screw -

shaft rotatable with the motor shaft, a nut
threaded on the screw shaft, and a driving con-
nection between the nut and pinion for trans-
75 mitting longitudinal movement and rotation from

3
the nut to the pinion. saild driving connection
including an overrunning clutch, and a centrifu-
gal detent rotatable with the screw shaft adapted.
to hold the pinion in engagement with the engine
member. o R
4. In an engine starter drive, a power shaft,
o pinion slidable thereon into and out of engage-
ment with a member of an engine to be started,
means responsive to acceleration of the power
shaft for moving the pinion into operative posi- 10
tion and rotating the pinion, including a barrel
member and an overrunning clutch between the
barrel member and pinion, and centrifugal means
rotatable with the barrel member for holding the
pinion in operative positfon. 15
5. In an engine starter drive, a screw shaft, a
nut threaded thereon, a pinion, means including
a barrel rigidly connected to the nuf for moving
the pinion inté and out of engagement with a
member of an engine to be started, an overrun-
ning clutch connection between the barrel and
pinion, means limiting longitudinal movement

20

-of the nut in a direction to mesh the pinion, and

means responsive to rotation of the nut for op-
posing return movement of the nut to 1d1e posi-
tion.

6. In an engine starter drive, a motor shaft, a
pinion movable thereon into and out of engage-
ment with a member of the engine to be started,
actuating means for the pinion including a screw-
shaft rotatable with the: motor shaft, a nut
threaded on the screw shaft, a driving connec-

tion between the nut and pinion for transmit-

~titig- longitudinal ‘movement from the nut to the
pinion including an overrunning clutch for rotat-
ing the pinion from the nut, means limiting lon-
gitudinal movement of the nut on the screw shaft
in a direction to .cause engagement of the pinion
with the engine member, thereby causing rota-
tion of the nut with the screw shaft, and means 49
responsive to rotation of the screw shaft above

a predetermined speed for preventing movement

of the nut back to idle position.

7. In an engine starter drive, & mofor shaft,a
pinion, means responsive to acceleration of the 45
motor shaft for moving the pinion into mesh
with & member of an engine to be started in- -
cluding a self-tightening clutch, and & centrifu-
gal detent rotatable with the motor shaft for
‘holding the pinion in mesh with the engine mem-
ber.

8. In an engine starter drive, a motor shaft,
a pinion, means responsive to acceleration of the
motor shaft for moving the pinion into mesh with -
a member of an engine to be started including 55
a serew shaft, a nut threaded thereon, and & self-
tightening friction clutch.between the nut and
pinion, frictional control meéans for the clutch

‘arranged to transmit torque from the pinion to -

the nut when the pinion overruns the screw shaft, 60’
to thereby cause traversal of the pinion and nut
back to idle position, and centrifugal means ro-

-tatable with the screw shaft for holding the pin-

fon in mesh with the engine member while the
screw shaft is rota.tin_g above a predetermined a5

9. In an engine starter, a screw shaft, a pinion,
means actuating the pinion from the sc: .w shaft
including a nut on the screw shaft, & barrel sur-
rounding the nut connected to the pinion, a 70
clutch plate non-rotatably mounted in the barrel
engageable by the nut, and a stop limiting longi-
tudinal movement of the clutch plate, a control .
clutch connecting the nut to the barrel oppos-
lng overrunning of the ba.rrel by the pinion, and 75
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a centrifugal detent mounted to rotate with the
serew shaft, holding the nut and clutch plate ad-
jacent the stop.

10. In an engine starter, a screw shaft, a pin-

5 ion, means actuating the pinion from the screw

shaft including a nut on the screw shaft, a bar-

rel surrounding the nut connected to the pinion,

a clutch plate non-rotatably mounted in the bar-
rel engageable by the nut, a stop limiting longi-
10 tudinal movement of the clutch plate, and an

2,218,972

overrunning control clutch connecting the nut to
the barrel arranged to grip and oppose overrun-
ning of the barrel by the nut and also arranged
to transmit torque frictionally from the barrel to
the nut when the barrel overruns the nut, and a
centrifugal detent rotatable with the screw shaft
adapted to engage the nut and prevent it from
overrunning the screw shaft when the screw
shaft is rotating above a predetermined speed.
DANIEL P. KEARNEY.
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