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UNITED STATES PATENT OFFICE 
JOHN B. DYER, OF AN DERSON, INDIANA, ASSIGNOR TO DELCO-RENTY CORFORATION, OF 

DAYTON, OHIO, A CORPORATION OF DEE.AWARE 
ENGINE STARING APPARATUS 

Application filed February 29, 1928. Serial No. 258,071. 

This invention relates to apparatus for 
starting internal combustion engines, and 
particularly to the type of apparatus which 
includes a gear or pinion operated by an 
electric motor and movable by manual oper 
ation into mesh with a gear connected with 
the engine to be started, and means whereby 
the pinion will be automatically demeshed 
from the engine gear when the engine be 
comes self-operative. 
The present invention constitutes improve 

ments in manually operable mechanisms for 
rotating the pinion, in case of its abutment 
with the engine gear teeth, into meshing 
registration with the engine gear in order 
that the pinion may be brought into sub 
stantially full meshing relation with the en 
gine gear before the motor is operated. In 
this way breakage of the teeth of the pinion 
and gear is reduced to a minimum. 

In one of its aspects, the present inven 
tion constitutes improvements in the form 
of engine starting apparatus described and gageable with an element operatively con 

5 Hardman, Serial No. 728,531, filed July 28, 
claimed in the copending application of F. J. 
1924 and in my copending application, Serial 
No. 245,886, filed January 9, 1928. These 
applications disclose, engine starting appa operates to crank the engine, the second men ratus comprising a motor, a shaft operated 

: thereby, means for connecting the shaft with 
the gear of an engine to be started and in 
cluding a pinion movable endwise into mesh 
with the gear of an engine to be started and 
including provisions whereby the pinion will 
be automatically demeshed from the gear 
when the engine starts, a device movable with 
the pinion for moving the pinion and for 
rotating it prior to meshing in case of abut 
ment with the engine gear while the pinion 
is being pressed yieldingly against the en 
gine gear, a manually operable actuator for 
operating said device, and means for auto 

50 

matically disconnecting the manually oper 
ated actuator from said device after the 

15 pinion has been meshed with the gear and 
before the engine starts so that the pinion. 
may be automatically demeshed, regardless 
of the fact that the operator has not released 
the actuator. In these applications there 
are disclosed disconnectible elements opera 

tively connected respectively with the actu 
ator and pinion shifting device, and means 
for automatically moving the element opera 
tively connected with the actuator out of 
operative relation to the element operatively, 
connected with the pinion shifting device, 
and means for automatically restoring these 
elements to their operative relation when the 
actuator is returned to normal position. The 
apparatuses shown in these applications com 
pel, the operator to release the actuator so 
that it may be returned by spring operation 
to normal position before a starting oper 
ation may be repeated. 
My present invention differs from those 

shown in these other applications in that the 
element which is operatively connected with 
the pinion shifting and meshing device is 

55 
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moved automatically away from the path of 
movement of the element operatively con 
nected with the actuator. Preferably I em 
ploy an element moved by the actuator.lon 
gitudinally of the pinion and normally en 
nected with the pinion shifting and meshing 
device and mounted to rotate between cer 
tain limits due to frictional connection be 
tween the motor shaft. When the motor 

tioned element will be moved away from the 
operative connection with the actuator or 
first mentioned element so that the pinion may 
be automatically demeshed when the engine 

80. 

starts regardless of the status of the actuator 
element. The return of the actuator ele 
ment to normal position will operate means 
for automatically rotating the second men 
tioned element to normal position and into the 
path of movement of the first mentioned or 
actuator element. Thus the operation of the 
starting device cannot be repeated unless the 
actuator has been released and restored to 
normal position. In this Way the starting 

90 . 

apparatus is rendered fool-proof against a 
manipulation which would place the gear 
shifting mechanism in such condition that 
the motor could be operated before the pin 
ion is meshed with the engine gear. 

Further objects and advantages of the pres 
ent invention will be apparent from the foll i 



2. 

lowing description, reference being had to 
the accompanying drawings, wherein a pre 
ferred form of embodiment of the present in 
vention is clearly shown. - 

5 In the drawings: 
Fig. 1 is a fragmentary longitudinal sec 

tional view of the starting apparatus em 
bodying the present invention, and shows the 
apparatus in normal condition. 

Fig. 2 is a sectional view on the line 2-2 
of Fig. 1. 

Fig. 3 is a sectional view on the line 3-3 
of Fig. 2. 

Fig. 4 is a diagrammatic side elevation 
15 showing certain parts of the starter mecha 

nism at the instant just before blinging the 
pinion into meshing registration with the 
engine gear. 

Fig. 5 is a sectional view on the line 5-5 
20 of Fig. 4. - 

Fig. 6 is a diagrammatic view showing the 
position of the mechanism at the instant the 
pinion has been moved into mesh with the en 
gine gear and just before the motor Switch 

25 has been closed. 
Fig. 7 is a plan view of a blank of sheet 

metal which is formed into a cylindlical body 
constituting the intermediate element be 
tween the manually operated element of the 

30 mechanism and the sleeve which provides the 
driving connection between the pinion and 
the helically splined shaft. 

Fig. 8 is a diagrammatic side elevation 
showing the position of the mechanism dur 

35ing the cranking of the engine. 
Fig. 9 is a sectional view on the line 9-9 

of Fig. 8. 
Fig. 10 is a diagrammatic side elevation 

showing the positions of parts of the mech 
anism after the pinion has been demeshed 
from the engine gear and before the manual 
ly operable member has been released. 
In the drawings, 20 designates a mounting 

bracket and gear housing member by which 
the starting apparatus is attached to the 
frame of an engine not shown but represented 
by a flywheel gear 21. The frame 20 sup 
ports a motor field frame 22 and an armature 
shaft 23 journalled in a bearing 24 provided 
by the frame 20 and in a bearing not shown 
provided by the frame 20 and in a bearing 
not shown provided by the frame 22. A mo 
tor pinion 25 is slidable along a smooth por 

0 

40 

45 

50 

tion 26 into and out of engagement with the 
55 engine flywheel gear 21. Motion of the pin 

ion toward the right into mesh with the en 
gine gear is arrested by a stop provided by 
a split wire ring 27 occupying a groove 28 in 
the shaft 23. End thrust of the shaft 23 to 
ward the right is taken up by a thrust washer 
29 bearing against a machined surface pro 
vided by the frame 20. - 
Motion is transmitted from the shaft 23 to 

the pinion 25 through a sleeve 30 threadedly 
65 engaging the helical splines 31 provided by 

60 
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the shaft 23. The sleeve 30 is provided with 
internal straight splines 32 which are driv 
ingly connected with longitudinal straight 
splines 33 provided exteriorly by the hub of 
the pinion 25. Thus the driving connection 
between the sleeve and pinion provides for 
relative endwise movement between these 
elements. A spring 34 located between the 
hub of the pinion 25 and an internal shoulder 
35 of the sleeve 30 tends to separate the pin 
ion from the sleeve, but this movement of 
separation is limited by a split wire ring 36 
engaging a groove in the hub of the pinion 
and bearing against the inner faces 37 of the 
internal splines 32 of the sleeve. The sleeve 
30 is provided with holes 38 through which 
suitable tools may be manipulated for hold 
ing the ring 36 while it is being sprung over 
the pinion hub so that it may be entered in 
the groove of the pinion hub and for remov 
ing the ring 36 from the pinion so that the 
pinion may be removed from the sleeve. The 
internal annular groove 39 provided by the 
sleeve provides clearance for entrance and 
removal of the ring 36 from the groove of the 
pinion hub. . 
The manually operated mechanism for 

moving the sleeve 30 and pinion 25 toward 
the engine gear 21 comprises a manually op 
erated member or lever 40 attached to a hub 
41 which is pivoted upon a bolt 42 supported 
by the gear housing 20. The lever 40 carries 
a stud or pin 43 which is movable longitudi 
nally of the shaft 23. The manually oper 
ated mechanism includes also an interme 
diate member for transmitting motion from 
the lever 40 to the sleeve 30. This motion 
transmitting member includes a disc 44 hav 
ing a flange 45 slidable along the shaft 23 
and engageable with the end of the sleeve 30 
so as to push the same toward the engine gear. 
The disc 44 provides a support for one end of 
a sleeve or tube 46 which is formed by bend 
ing the blank 47 shown in Fig. 7 into a cylin 
drical form and by joining the abutting 
edges 48 and 49 by means of an interlocking 
joint including dovetail tangs 50 which en 
gage dovetail notches 51. The blank 47 pro 
vides tangs 52 which, after the blank 47 is 
bent into cylindrical form, are interlocked 
with suitable notches adjacent the periphery 
of the disc 44 and are bent against the disc 44 
as indicated by numeral 52a. The right 
hand end of the tube 46 is supported by the 
sleeve 30 by providing the tube 46 with an 
arcuate friction plate 53 preferably spot 
welded upon the inner side of the tube and 
having a thickness approximately equal to 
the width of the annular space between the 
sleeve and tube when these parts are located 
concentrically. The wall of the tube oppo 
site the friction plate 53 carries a plunger 
guide sleeve 54 for guiding a plunger 55 
which is urged by a spring 56 against the 
sleeve 30. The plunger 55 is adapted to press 
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against the cylindrical periphery of the 
sleeve 30 but does not press against the bot 
tom of an annular groove 57 provided by the 
sleeve 30. . . . . . 
The lever 40 is operated by a pedal 60 ex 

tending through the floorboard 61 of the ve 
hicle and the lever 40 is maintained normally 
in the position shown in Fig.1 by a spring 62. 
which is expandable and contractable with 
in a recess 63 provided by the housing 20 and 
which urges a plunger 64 against the lever 40 
so as to urge the pin 43 toward the left. The 
pin 43 is received by an aperture 65 in the 
tube 46. This aperture is generally triangu 
lar in shape but includes a notch 66 defined 
by edges 67, 68 and 69. Normally the spring 
62 urges the pin 43 against the edge 68 as 
shown in Fig. 1 thereby urging the flange 45 
of the collar 44 against a floating brake plate 
0 and the plate 70 against a floating cork 
disc 71 surrounding the shaft 23, and the disc 
71 against a plate 72 which is attached to the 
shaft 23. In this way the spring 62 serves 
to return the manually or pedal operated 

30 

lever 40 to normal position and to apply a 
brake for bringing the armature 23 of the 
starting motor quickly to rest after a start 
ing operation. This feature is advantageous 
in case the engine makes a false start, that is, 
it operates sufficiently to demesh the pinion 
from the flywheel gear but does not continue 

40. 

45 

50 

55 

to be self-operated. ' 
motor quickly to rest so that the operator may 
repeat the starting operation promptly with-, 

35 out having to wait a substantial length of 
time for the pinion to come to rest before 
moving it again into engagement with the 
engine gear. ... . . . . . . . . . . 

The motor is caused to operate by the clos 
ing of a starting motor switch which is 
housed within a case 80 attached by screws 
81 to the motor field frame 22, and is oper 
ated by a plunger 82 which is normally held 
in switch open position by spring 83. The 
plunger 82 is located in the path of move 
ment of a stuid 84 attached to the lever 40. 
As shown in Fig. 1, the stud 84 is spaced from 
the head of the plunger 82 sufficiently to per 
mit the operation of the manually operated: 
mechanism to move the pinion into mesh 
with the engine gear before the motor switch 
is closed. 
The mode of operation of 

is as follows: 
To start the engine the operator will press 

the pedal rod 60 to cause the lever 40 to incve. 
counterclockwise and to move the pin 43 into 
engagement with the edge portion 67 of the 

60 
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tube 46. Continuing the movement of the 
lever 40 in this direction the tube 46 will 
pull the collar 44 against the sleeve 30 to 
cause it to move in a helical path relative to 
the shaft 23. Since the spring 34 transmits 
endwise motion from the sleeve 30 to the pin 
ion 25, the pinion 25 will likewise move in 

The brake will bring the 

this invention 

a helical path toward the engine gear 21. 
Due to the frictional drag between the sleeve 
30 and the tube 46 there is a tendency for 
the tube 46 to move in a helical path but it 
is not free to do so because the edge portion 
69 which defines the notch 66 in the tube 46 
bears downwardly against the pin 43. 

i 

Therefore the pin 43 will remain within the 
notch 66 until the cranking operation begins. 
In case the pinion is not immediately 5 brought into meshing registration with the e s 

teeth of the engine gear 21 by the helical 
I movement referred to but the teeth of the 
pinion abut the teeth of the engine gear, by 
continuing the movement of the lever 40 in 
a counterclockwise direction the sleeve 30 
will continue to move in a helical path while 
compressing the spring 34 and while simply 
rotating the pinion 25 into meshing registra 
tion with the engine gear. Due to the yield 
ing connection provided by the spring 34 
whereby the pinion 25 is yieldingly pressed 
against the end faces of the teeth of the gear 
21, the pinion 25 is free to move endwise 
along the shaft portion 26 so that it may ac 
commodate itself to any irregularities in the 
end faces of the pinion and gear teeth which 
would require the pinion to back off from 
the flywheel gear before the pinion can be 
registered for meshing with the flywheel 
gear. When the pinion is rotated into mesh 
ing registration with the gear 21, the spring 
34 will be released in order to move the pin 
ion 25 into mesh with the engine gear. Figs. 
4 and 5 show positions of the starting mech 
anism just prior to meshing the pinion with 
the engine gear. It will be noted that the 
sleeve 30 has been moved endwise relative 
to the pinion 25 and that the spring 34 has 
been compressed. Fig. 6 show's positions of 
the starting mechanisin after the spring 34 
has been released to move the pinion 25 into 
mesh with the gear 21. 
As stated before the motor switch cannot 

be closed before the pinion 25 is meshed with 
the engine gear. After the lechanism has 
been placed in position shown in Fig. 6, the 
motor switch may be closed by a notion of 
the pedal which will cause the stud 84 to 
move the plunger 82 into switch closing po 
sition. Then the cranking operation will be 
gin. The shaft 23 is Fotiated clockwise as 
viewed in the direction of the arrow 90, in 
Fig. 8, or as indicated by the arrow 91 in 
order to rotate the engine flywheel gear 21 l; 
clockwise as viewed from the front of the 
engine or as looking in the direction of ar 
row 92 in Fig. 8. Due to the end thrust to 
ward the right between the splines 31 of the 
shaft 23 and the internal splines of the sleeve 
30, the sleeve 30 is moved toward the right 
until it engages the backs of the teeth of 
the pinion 25 and thereupon the pinion 25 
is forced drivingly against the stop ring 27 
and the pinion is caused to rotate to turn 
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the gear 21. 
cranked, the tube 46 will be moved from the 
position shown in Fig. 6 to that shown in 
Fig. 8. This relative motion between the 
sleeve 46 and the pin 43 and the sleeve 30 
takes place due to the friction drag between 
the sleeve 30 and the tube 46 tending to ro 
tate the latter in the direction of the arrow 
91. Since the tube 46 is free to turn in this 
direction, it will move its notch portion 66 
and hence the portion 67 away from the pin 
43 and will move its oblique edge 93 of the 

5 

20 

: 25 

30 

35 

40 

opening 65 against the pin 43 whereupon the 
sleeve 46 will be moved endwise toward the 
left due to the camming operation which 
takes place between the edge 93 and the pin 
43. Therefore the parts of the mechanisin 
referred to will be located as shown in Figs. 
8 and 9 before the engine becomes self-op 
erative: 
When the engine becomes self-operative, 

the sleeve 30 will be moved from the posi 
tion shown in Fig. 9 to that shown in Fig. 
10 due to the fact that the flywheel gear 21 
tends to drive the pinion 25 faster than the 
shaft 23 can turn it. When this or curs there 
is a reversal of thrust between the helical 
splines of the sleeve and shaft which tends 
to move the sleeve 30 toward the left into 
the position shown in Fig. 10. This same 
operation causes the pinion 25 to be with 
drawn from the engine gear 21. Movement 
of the pinion and sleeve toward the left may 
take place although the operator fails to re 
lease the pedal 40. During the cranking 
operation the tube 46 and flange 44 will 
have moved sufficiently to clear a path for 
the demeshing movement of the sleeve and 
pinion. After the engine becomes self-op 
erative and before the pedal 60 is released, 
the starting mechanism will be in the posi 
tion shown in Fig. 10. Before the starting 
operation can be repeated the operator is 

45 

50 

5 

compelled to release the pedal 60 so that the 
notch 66 may again receive the pin 43 at 
tached to the lower end of the lever 40. Dr.- 
ing the restoration of the lever 40 by the 
operation of the spring 62 the tube 46 will 
}c rotated from the position shown in Fig. 
10 to that shown in Fig. 1 due to the cam 
ming action between the oblique edge 93 
defining the opening 65 in the tribe 46 and 
the pin 43. Therefore it is useless for the 
operator to attempt a trick manipulation of 
the starting device by trying a repeat opera 
tion before the pedal has been entirely re 
leased. It is apparent that unless the notch 
edge 67 is located in the path of movement 
of the pin 43 no movement of the pinion 
toward the engine gear can take place. 
The plunger 55 attached to the tube 46 

cooperates with the side walls of the groove 
57 of the sleeve 30 for the purpose of prevent 
ing the accidental drifting of the pinion 25 
into mesh with the gear 21 while the start 

While the engine is being 
ad 
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ing apparatus is in normal condition and also 
tends to overcome a tendency of the pinion 
to rebound into mesh with the engine gear 
directly after being demeshed. Tendency of 
the sleeve 30 to rebound toward the gear 21 
is hindered also by making the outside diam 
eter of that splined portion of the shaft 23 
which normally engages the sleeve 30, less 
than the outside diameter of the remainder 
of the splined portion (.020 inch less for a 
34 inch shaft). The reduced poriton is shown 
between the interrupted shoulder portions 
23a and 23b of the shaft 23 as shown in Fig. 
3. The sleeve 30 is provided with an eccen 
trically located weight 30a located adjacent 
the splined portion of the sleeve. The shoul 
der 23b is made somewhat abrupt, preferably 
a taper at about 60 degrees to horizontal as 
viewed in Fig. 3. Therefore when the pinion 
is demeshed and the sleeve 30 is thrown back 
into the position shown in Fig. 10, the sleeve 
will be prevented from rebounding since its 
splined hub is retained between the shoul 
ders 23a and 23b. The shoulder 23b, being 
fairly steep, tends effectively to hinder the 
rebounding of the sleeve toward the engine 
gear. At the time of demeshing the pinion, 
the sleeve 30 is rotating at highest speed and 

75 

SU 
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the unbalanced centrifugal force acting upon 
the eccentric mass 30a is the maximum. 
Therefore the tendency to rebound is counter 
acted by the fact that the hub of the sleeve 30 
is held against the shoulder 23b and prevent 
ed from riding over the shoulder by the un 
balanced centrifugal force referred to. In 
other words, as the pinion is going out of 
mesh with the gear, the sleeve 30 is rotating 
while sliding toward the left along the shaft 
23, and, upon arriving at normal position, its 
hub will snap into the reduced shaft portion 
and will be held there due to the unbalanced 
centrifugal force referred to. 

It is therefore apparent that my invention 

(JO 

comprises a pinion shifting and meshing de 
vice (the sleeve 30), a manually operated 
actuator for operating the device (the lever 
40), disconnectible elements (the pin 43 and 
the edge surface 67 of part 46) for trans 
mitting motion from the actuator 40 to the 
device 30, means for automatically moving 
the element 67 away from the path of move 
ment of the element 43 (the tube 46 which is 
frictionally connected with the motor shaft so 
that the tube 46 will turn when the motor 
cranks the engine), and means for restoring 
the operative connection between the ele 
ments 43 and 67 when the actuator 40 is re 
turned to normal position (the edge surface 
93 of tube 46 cooperating with pin 43). 

In case the pedal 60 is pressed while the 
engine is running, the pinion 25 will be moved 
against the rotating gear 21 and will be ro 
tated thereby in such direction as to cause the 
notch 66 to move almost instantly away from 
the pin 43 so that the pin 43 may move with- . 
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tween shoulders 23a and 23b and by the resist 

15 o 8 . . . . 23 is rotating clockwise as viewed in the di 
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Out producing any further movement of the 
pinion 25 toward the gear. The engine may 
restore the pinion 25 to normal position as 
shown in Fig. 10 while the lever may be 
moved freely into position for closing the 

Although the switch be closed, the , switch. 
pinioi) cannot shove into contact with the en 
gine gear because any tendency it might have 
to move toward the gear would be resisted by 
the effort necessary to lift, the hub of the 
sleeve 30 from the reduced shaft portion be 
ance afforded by the plunger 55 engaging a 
side wall of the groove 57. The tendency of 
the tube 46 to move endwise while the shaft 

rection of arrow 90 in Fig. 8, is to move 
endwise toward the left in Fig. 10 due to the 
cooperation between the pin 43 and the notch 
65 but not toward the right. 
While the form of embodiment of the pres 

ent invention as herein disclosed, constitutes 
a preferred form, it is to be understood that 
other forms might be adopted, all coming 
within the scope of the claims which follow. 
What is claimed is as follows: 
1. Engine starting apparatus comprising, 

in combination, a motor; a shaft operated 
thereby; means for connecting the shaft with 
the gear of an engine to be started and in 
cluding a pinion meshing endwise with the 
gear and provisions whereby the pinion will 
be automatically demeshed when the engine 
starts; a device for moving the pinion end 
wise and operating in case of abutment with 
the engine gear for rotating the pinion while 
it is pressed against the engine gear; a manu 
ally operable actuator; disconnectible motion 
transmitting elements operatively connected 
respectively with the actuator and the shift 
ing device; means for automatically moving 
the element connected with the shifting de 
vice away from the path of movement of 
the element connected with the actuator be 
fore the engine starts; and means for restor 
ing the operative connection between these 
elements. . . 

2. Engine, starting apparatus comprising, 
in combination, a motor; a shaft operated 
thereby; means for connecting the shaft with 
the gear of an engine to be started and includ 
ing a pinion meshing endwise with the gear 
and provisions whereby the pinion will be 
automatically demeshed when the engine 
starts; a device for moving the pinion end 
wise and operating in case of abutment with the engine gear for rotating the pinion while 

ign 

it is pressed against the engine gear; a manu 
ally operable actuator; disconnectible motion 
transmitting elements operatively connected 
respectively with the actuator and the shift 
ing device; means responsive to the operation 
of the starting motor for automatically mov 
ing the element connected with the shifting 
device away from the path of movement of 

it is pressed against the engine gear; a manu 

the element connected with the actuator be 
fore the engine starts; and means for restor 
ing the operative connection between these 
elements. - 

3. Engine starting apparatus comprising, 
in combination, a motor; a shaft operated 
thereby; means for connecting the shaft with 
the gear of an engine to be started and in 

70 

cluding a pinion meshing endwise with the 
gear and provisions whereby the pinion will 
be automatically demeshed when the engine 
starts; a device for moving the pinion end 
Wise aid operating in case of abutment with 
the engine gear for rotating the pinion while 

ally operable actuator; disconnectible mo 
tion transmitting elements operatively con 
nected respectively with the actuator and the 
shifting device, the element operatively con 
nected with the shifting device being mount-is 
ed for limited rotation as well as movement 
axially of the pinion; means frictionally con 
necting said last mentioned element with the 
shaft whereby the element will be rotated 
away from the path of movement of the actu 
ator element; and means for restoring the 
operative connection between the elements. 4. Engiile starting apparatus comprising, 
in combination, a motor; a shaft driven by 
the motor; a pinion movable along the shaft 
into mesh with the gear of the engine to be 
started; a pinion shifting sleeve movable 
along the shaft and having driving connec 
tions with the shaft such that endwise move 
ment of the sleeve will cause it to turn rela 
tive to the shaft; driving connections between 
the sleeve and pinion permitting relative end 
Wise movement between the sleeve and pinion 
So that the pinion may be turned by endwise 
movement of the sleeve while the pinion is pressed against the engine gear in case of 
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abutment there with; a manually operated 
actuator; disconnectible motion transmitting elements operatively connected respectively 
With the actuator and the sleeve; means for 
automatically moving the element connected 
With the sleeve away from the path of move 
ment of the actuator element before the en 
gine starts; and means for restoring the oper 
ative connection between these elements. 5. Engine starting apparatus comprising, 
in combination, a motor; a shaft driven by 
the motor; a pinion movable along the shaft 
into mesh with the gear of the engine to be 
started; a pinion shifting sleeve movable 
along the shaft and having driving connec 
tions with the shaft such that endwise move-. 
ment of the sleeve will cause it to turn rela 
tive to the shaft; driving connections be. 
tween the sleeve and pinion permitting rela 
tive endwise movement between the sleeve 
and pinion. So that the pinion may be turned 
by endwise movement of the sleeve while the pinion is pressed against the engine gear in 
case of abutment therewith; a manually op 

0. 
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erated actuator; disconnectible motion trans 
mitting elements operatively connected re 
spectively with the actuator and sleeve; 
means responsive to the operation of the 
starting motor for automatically moving the 
element connected with the sleeve away from 
the path of movement of the actuator ele 
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ment before the engine starts; and means for 
restoring the operative connections between 
these elements. 

s s - 6. Engine starting apparatus comprising, 
in combination, a motor; a shaft driven by 
the motor; a pinion movable along the shaft 
into mesh with the gear of the engine to be 
started; a pinion shifting sleeve movable 
along the shaft and having driving connec 
tions with the shaft such that endwise move 
ment of the sleeve will cause it to turn rela 
tive to the shaft; driving connections be 
tween the sleeve and pinion permitting rela 
tive endwise movement between the sleeve 
and pinion so that the pinion may be turned 
by endwise movement of the sleeve while the pinion is pressed against the engine gear in 
case of abutment there with; a antially op 
erated actuator; disconnectible motion trans 
mitting elements operatively connected re 
E. with the actuator and sleeve, the element operatively connected with the sleeve 
being supported by the shaft; means friction 
ally connecting the last mentioned element 
with the shaft whereby the element will be ro 
tated away from the path of movement of the 
actuator element; and means for restoring 
the operative connection between these ele 
ments. 

7. Engine starting apparatus comprising, 
in combination, a motor; a shaft driven by 
the motor; a pinion movable along the shaft 
into mesh with the gear of the engine to be 
started; a pinion shifting sleeve movable 
along the shaft and having driving connec 
tions with the shaft such that endwise move 
ment of the sleeve will cause it to turn rela 
tive to the shaft; driving connections between 
the sleeve and pinion permitting relative 
endwise movement between the sleeve and 
pinion so that the pinion may be turned by 
endwise movement of the sleeve while the 
pinion is pressed against the engine gear in 
case of abutment there with: a manually op 
cerated actuator; an element moved by the 
actuator longitudinally of the shaft; a device 
rotatably supported by the shaft and fric 
tionally connected therewith and adapted to 
move the sleeve endwise to mesh the pinion 
with the engine gear; an element provided 
by said device and normally in the path of 
movement of the actuator element but moved 
out of the path of movement of the actuator 
element when the motor operates; and a cam 
element provided by said device and en 
gageable with the actuator element and co 
operating there with to effect the return of 
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the device to normal position when the actu 
ator is returned to normal position. 

8. Engine starting apparatus comprising, 
in combination, a motor; a shaft driven b 
the motor; a pinion movable along the shaft 
into mesh with the gear of the engine to be 
started; a pinion shifting sleeve movable 
along the shaft and having driving con 
nections with the shaft such that endwise 
movement of the sleeve will cause it to 
turn relative to the shaft; driving connec 
tions between the sleeve and pinion per 
mitting relative endwise movement between 
the sleeve and pinion so that the pinion may 
be turned by endwise movement of the sleeve while the pinion is pressed against the engine 
gear in case of abutment therewith; a manu 
ally operated actuator; an element moved by 
the actuator longitudinally of the shaft; a 
device rotatably supported by the shaft and 
frictionally connected there with and adapted 
to move the sleeve endwise to mesh the pinion 
With the engine gear; an element provided 
by said device and normally in the path of 
movement of the actuator element but moved 
Out of the path of movement of the actuator. 
element when the motor operates; and a cam 
element provided by said device and coacting 
with the actuator element to cause the device 
to be retracted from the engine gear due to 
rotation of the device by the shaft when the 
motor operates, and also coacting with the 
actuator element to effect the rotation of the 
device to normal position when the actuator 
is returned to normal position. 

9. Engine starting apparatus comprising, 
in combination, a motor; a shaft driven b 
the motor; a pinion movable along the shaft 
into mesh with the gear of the engine to be 
started; a pinion shifting sleeve movable 
along the shaft and having driving connec 
tions with the shaft such that endwise move 
ment of the sleeve will cause it to turn rela 
tive to the shaft; driving connections between 
the sleeve and pinion permitting relative end 
wise movement between the sleeve and pin 
ion so that the pinion may be turned by end 
wise movement of the sleeve while the pin 
ion is pressed against the engine gear in case 
of abutinent there with; a manually operated 
actuator; a pin element moved by the actu 
ator along the shaft; and a cylindrical de 
vice rotatably supported by the shaft and 
frictionally connected there with and mov 
able against the sleeve to move the pinion 
toward the engine gear, said device having 
a recess for receiving the pin and so shaped 
as to provide a surface normally located in 
the path of movement of the pin but moved 
out of the path of movement of the pin when 
the motor operates, and so shaped as to pro 
vide a surface oblique to the shaft and co 
acting with the pin to cause the device to be 
retracted from the engine gear due to rota 
tion of the device by the shaft when the mo 
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tor EE and also coacting with the pin 
to effect the rotation of the device to nor 
mal position when the pin is returned to nor 
mal position. 10. Engine starting apparatus comprising, 
in combination, a motor; a shaft driven by 
the motor; a pinion movable along the shaft 
into mesh with the gear of the engine to be 
started; a pinion shifting sleeve movable 
along the shaft, and having driving connec 
tions with the shaft such that endwise nove 
ment of the sleeve will cause it to turn rela 
tive to the shaft; driving connections be 
tween the sleeve and pinion permitting rela 
tive endwise movement between the sleeve 
and pinion so that the pinion may be turned 
by endwise movement of the sleeve while the 
pinion is pressed against the engine gear in 
case of abutment there with; a manually op 
erated actuator; a pin element moved by the 
actuator along the shaft; and a tubular mem 
ber movable along the shaft and surround 
ing the sleeve and frictionally connected with 
the sleeve and movable against the sleeve in 
order to move the pinion toward the gear, 
and having an opening in its cylindrical 
wall so shaped as to provide a surface nor 
maily located in the path of movement of the 
pin but moved out of the path of movement 
of the pin when the motor operates, and so 
shaped as to provide a surface oblique to the 
shaft and coacting with the pin to cause the 
tubular member to be retracted from the en 
gine gear due to rotation of the tubular inein 
ber by said sleeve when the motor operates 

- g with the pin to effect ro 
tation of the tubular member to inorial posi 
tion when the actuator is returned to normal. 
position. 

11. Engine m 
in combination, a motor; a shaft driven by 
the motor; means for connecting the shaft 
with the gear of an engine to be started and 
including a pinion movable endwise into 
mesh with the engine gear and provisions 
whereby the pinion will be automatically 
demeshed from the gear when the engine 
starts; manually operable means for moving 
the pinion into mesh with the engine gear 
and including an actuator and disconnectible 
elements operatively connected respectively 
with the actuator and pinion; and means for 
preventing the meshing of the pinion with 
the gear by the manually operable means 
while the engine is running, said leans in 
cluding provisions for automatically discon 
necting said elements in response to rotation 
of the pinion in case it is moved against the 
rotating engine gear. - 

12. Engine starting apparatus comprising, 
in combination, a motor; a shaft driven by 
the motor: a sleeve and a pinion slidable 
along the shaft toward an engine gear; driy 

starting apparatus collaprising, 

the sleeve and shaft 

ment between the sleeve and shaft when the 
sleeve is moved toward the engine gear; 
means for drivingly connecting the pinion 
and sleeve while permitting relative endwise 
movement between the sleeve and pinion; 
means for moving the sleeve and pinion to 
ward the gear; and means tending to retain 
the sleeve in normal position. 13. Engine starting apparatus according 
to claim 12 in which the sleeve is retained in 
norinal position by reducing the outside di 
ameter of that portion of the shaft which is 
normally engaged by the hub of the sleeve 
so that the hub is normally located beyond 
a shoulder portion provided by the shaft on 
the side thereof remote from the engine gear. 14. Engine starting apparatus according 
to claim 13 in which the sleeve is retained in 
normal position by reducing the outside di 
ameter of that portion of the shaft which is 
normally engaged by the hub of the sleeve 
so that the hub is normally located beyond a 
shoulder portion provided by the shaft, the 
hub of the sleeve having, an eccentric mass 
whereby the unbalanced centrifugal forces: 
acting upon the hub assist in maintaining 
the hub, while rotating, in engagement with 
shaft portion of reduced diameter. 

15. Engine starting apparatus comprising, 
in combination, a motor; a shaft operated 
thereby; means for connecting the shaft with 
the gear of an engine to be started and in 
cluding a pinion meshing endwise with the 
gear and provisions whereby the pinion will 
be automatically demeshed when the engine. starts; manually operable means for moving 
the pinion toward the gear and including an 
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actuator and disconnectible motion transmit 
ting elements movable axially of the shaft, 
one being: connected with the actuator and . 
the other operatively associated with the pin 
ion; means for automatically moving the ele 
ment associated with the pinion away from 
the path of movement of the actuator element 
before the engine starts; and means for re 
storing the operative connection between 
these elements. . w 

16. Engine starting apparatus comprising, 
in combination, a motor; a shaft operated 
thereby; means for connecting the shaft with 
the gear of an engine to be started and includ 
ing a pinion meshing endwise with the gear 
and provisions whereby the pinion will be 
automatically demeshed when the engine starts; mantially operable means for moving 
the pinion toward the gear and including an 
actuator and disconnectible motion transmit 
ting elements movable axially of the shaft, 
one being connected with the actuator and 
the other operatively associated with the pin 
ion; means responsive to the operation of the 
motor for automatically moving the element 
associated with the pinion away from the 
path of movement of the actuator, element 
before the engine starts; and means for re 
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these elements. 
17. Engine starting apparatus comprising, 

in combination, a motor; a shaft operated 
thereby; means for connecting the shaft with 
the gear of an engine to be started and includ 
ing a pinion meshing endwise with the gear 
and provision whereby the pinion will be au 
tomatically demeshed when the engine starts; 
manually operable means for moving the pin 
ion toward the gear and including an actuator 
and disconnectible motion transmitting ele 
ments movable axially of the shaft, one be 
ing connected with the actuator and the other 
operatively associated with the pinion, the 
latter element being mounted also for limited 
rotation; means frictionally connecting said 
last mentioned element with the shaft, where 
by the element will be rotated away from the 
path of movement of the actuator element; 
and means for restoring the operative connec 
tion between the elements. 

18. Engine starting apparatus comprising, 
in combination, a motor; a shaft operated 
thereby; means for connecting the shaft with 
the gear of an engine to be started and in 
cluding a pinion meshing endwise with the 
ear and provisions whereby the pinion will 
e automatically demeshed when the engine 

starts; a manually operated actuator; an ele 
ment moved by the actuator longitudinally of 
the shaft; a device rotatably supported by the 
shaft and frictionally connected therewith 
and adapted to move the pinion endwise to 
ward the engine gear; an element provided by 
said device and normally in the path of move 
ment of the actuator element but moved out 
of the path of movement of the actuator 
element when the motor operates; and a cam 
element provided by said device and engage 
able with the actuator element and cooperat 
ing there with to effect the return of the device 
to normal position when the actuator is re 
turned to normal position. 

19. Engine starting apparatus comprising, 
in combination, a motor; a shaft operated 
thereby; means for connecting the shaft with 
the gear of an engine to be started and in 
cluding a pinion meshing endwise with the 
gear and provisions whereby the pinion will 
be automatically demeshed when the engine 
starts; a manually operated actuator; a pin 
element moved by the actuator along the 
shaft; and a cylindrical device rotatably sup 
ported by the shaft and frictionally connected 
therewith and movable endwise so as to move 
the pinion toward the engine gear, said de 
vice having a recess for receiving the pin and 
so shaped as to provide a surface normally 
located in the path of movement of the pin 
but moved out of the path of movement of 
the pin when the motor operates, and so 
shaped as to provide a surface oblique to the 
shaft and coacting with the pin to cause the 
device to be retracted from the engine gear 

1,810,393 

due to rotation of the device by the shaft when 
the motor operates, and also coacting with the 
pin to effect the rotation of the device to 
normal position when the pin is returned to 
normal position. 
In testimony whereof I hereto affix my sig 

nature. 
JOHN B. DYER. 
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