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UNITED STATES

1,501,519
PATENT OFFICE.

WILLIAM A, CHRYST, OF DAYTON, OHTO, ASSIGNdR TO THE UDAYTON ENGINEERING

LABORATORIES COMPANY, A

CORPORATION OF OHIO.

ENGINE-STARTING DEVICE.

Application filed January 28, 1920, Serial Ro. 354,858,

T'o all whom it may concern.:

Be it known that I, Wittiam A, Crrysr,
a citizen of the United States of America,
residing at Dayton, county of Montgomery,
and State of Ohio, have invented certain
new and useful Tmprovements in Engine-
Starting Devices, of which the following is
a full, clear, and exact description. )

This invention relates to starting devices
for ‘internal-combustion engines, and par-
ticularly to devices which Tnclude an elec-
tric motor and positively actuated means for
connecting the motor with the engine.

The present invention constitutes im-
provements in the apparatus described and
claimed in my copend}fng application Serial
No. 296,393, filed May 15, 1919. '

In the application referred to the start-
ing device comprises an eleotric motor and
driving connections including a slidably
mounted pinion which is moved positively
into driving engagement with the flywheel
gear of the engine, The device for shift-
ing the motor pinion is connected with a
brush operating structure which is con-
structed te lower certain of the brushes into
engagement with the motor commutator in
order that the motor may be rendered op-
erative for starting purposes. The said de-
vice also_includes a braking element for
the purposes of bringing the motor quickly
to rest after the starting operation has been
performed so that the starting device may
be operated again
damage to the gearing. in case the engine
should fail to continue to be self-operative.

It is an object-of the present invention
to provide improvements in the brush op-
erating mechanism and to provide improve-
ments 1n the braking device.

A further object of the invention isto pro-
vide a starting device which will be simple
in construction whereby to reduce the cost
of manufacture while at the same time pre-
serving a construction ‘and arrangement
which will facilitate making repairs. ,

Further objects and advantages of the
present invention will be apparent from the
following description, reference being had
to the accoinpanying drawings, wherein

preferred embodiments of the present ‘in--

vention are clearly shown.
In the drawings: IR . )
Fig. 1 is a side elevation partly in section

-frame 23, end frames 24 and 25 and a

‘immediately without

_relation b%

showing a starting device embodying the
present invention;

Fig. 2 is a wiring diagram showing the
motor cireuits;

Fig. 3is a fragmentary plan view of a
portion of the brush operating structure;

Fig. 4is a fragmentary longitudinal sec-
%i‘(_)nal view of the starting device shown in

1g. 1;

Fig. 5 is a.sectional view taken on line
5—5 of Fig. 4; ‘

Fig. 6 is a sectional
6—6 of Fig. 4;

Fig. 7 is a sectional view taken on line
7—7 of Fig. 4; and

Fig. 8 is a sectional view taken on line
8—S8 of Fig. 4. -

Referring to the drawings, sn internal-
combustion engine 20 is provided with a fiy-
wheel gear 21, and the frame of the engine
supports a starting device 22 in any suit-
able manner. :

The starter 22 includes the motor feld
gear
housing 26. The field frame is provided
with pole pieces one of which is shown at
27 and with the field windings which are
indicated by numeral 28. Armature shaft
29 supports commutator 30 and armature
31, and is journalled at one end in bearing
not shown provided in the end frame 24.
The end 32 of shaft 29 shown
connected with clutch cam 33
a key 34 fitting into a slot 35 provided in
clutch cam 83." Clutch cam 33 is provided
with an annular groove 86 which forms the
inner race for bearing rollers 37 which are
supported ‘by outer race 38 mounted in the
end frame 25. Bearing rollers 37 are held
in annularly spaced relation by retaining
rings 39 which are held in laterally spaced
relation in any suitable well known manner.,

The . clutch cam 33 is provided with
notches 40 in which are located clutch rollers
41 which cooperate to provide a driving con-
nection. -between the clutch cam 33 and a

view taken on line

by means of

-hardened ring 42 secured within a clutch

cup 43, when the cam 33 is rotated clockwise
as indicated by arrow 43* in Fig. 8. The
clutch elements are maintained in assembled
means of washer. 44 and a split
ring 45. The hub 46 is internally broached
as indicated by numeral 47 to provide a

_driving connection with the splined pinion
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shaft 48. The end portion 49* of shaft 48
is journalled in bearing 33 carried by clutch
cam 33, and the end portion 49 is journalled
in bearing 50 provided in the outer end of
gear housing 26.

Motor pinion 51 is internally broached to
provide a sliding driving connection with

the splined shaft 48, and carries a dished’

washer 52. Collar 53 provided with a groove

54 is slidably mounted upon shaft 48 and

carries a spring housing 55, the outer edge
of which is formed to provide an annular
groove 56 for the reception of a retaining
ring 57. A coiled spring 58 is interposed be-
tween spring housing 55 and washer 52, and,
by virtue of its_initial compression, said
spring 58 normally tends to maintain the
washer 52 in position against the retaining
ring 57.

Braking member 60 is apertured to loosely
fit over the shaft 48 and carries one or more

‘locating studs 61 adapted to project into -

holes 62 provided in the gear housing 26,
and carries a brake washer retaining plate
63 which is preferably secured to the brake
member 60 by means of the stv1 61. Brake
washer 65 is interposed between the brake
member 60 and the collar 53 and is inter-
nally broached as indicated .by numeral 66
to provide a driving connection with the
motor pinion shaft 48. The movement of
brake washer 65 with respect to brake mem-
ber 60 is limited by means of the projection
64 formed preferably integrally with the re-
taining plate 63. A pinion shifting lever 70
is pivotally mounted upon shaft 71 support-
ed by the gear housing 26. Said lever 70 is
bifurcated at its lower end to provide yoke
arms 72 and 73 each carrying at its lower
end a stud 74 which cooperates with the
groove 54 of collar 53. Lever 70 is con-

nected at its upper end with a push rod 75

mounted to slide through a member 76 sup-
ported by the floor board 77 of the auto-
mobile. A spring 78 interposed between the
push rod pedal 79 and the member 76 serves
normally to maintain the push rod 75 and
lever 70 in position as shown in the draw-
ings.

_ Lever 70 is provided with an arm 80 pro-
jecting through a slot 81 provided in the end
wall of end frame 25, for a purpose to be
described. The motor is provided with sta-
tionary brushes 82 and 84 and with movable
brushes 83 and 85. Brushes 82 and 84 are
mounted upon brush arms 86 and 88, respec-
tively, which are pivotally mounted upon
studs 90 supported by brush bracket 91 but

"insulated therefrom in any suitable manner.

Springs 92 are coiled around the hubs of

brush arms 86 and 88, and one end of each

65 .

of said springs 92 bears against these brush
arms, while the other. end bears against a
grooved . washer 93 secured fo the brush
pracket 91 by means of stud 94. Brushes 83
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and 85 are carried by brush arms 87 and 89,
respectively, which are also pivotally mount-
ed upon studs 90 supported by brush bracket
91. Each of these arms 87 and 89 cooper-
ates with a spring 92 in the manner described
in connection with brush arms 86 and 88,
said springs 92 tending to move the brushes
83 and 85 toward the commutator. Arms
87 and 89 are provided with rollers 95 ar:
ranged to be engaged by lugs 96 provided
on brush shifting plate 97 which is pivot-
ally mounted concentrically with the arma-
ture shaft. Lugs 96 tend normally to main-
fain rollers 95 in position shown in Fig. 0
thereby maintaining brushes 83 and 85 out
of engagement with commutator 30. Brush
cam plate 97 is provided with an extension
98 having a camming surface 99 obliquely
disposed relative to the retaining surface 100
which is normally engaged by the extension
80 carried by the gear shifting lever 70.
The brush bracket 91 is centrally aper-
tured so as to clear the clutch cam 33, and is
mounted concentrically with respect to the
armature shaft 29 upon bosses 101 provided
in end frame 25, by means of screws 102 ex-
tending through apertures in said bosses 101
and having screw threaded engagement with
said bracket 91. The brush cam plate 97 1s
located between brush bracket 91 and the end
frame 25 and is journalled upon the outer
bearing race 388. :
The operation of the invention is as fol-
lows: :

To start the engine the driver presses his
foot upon pedal 79 thereby imparting down-
ward motion to the push rod 75 against the
compression of spring 78, and imparting
clockwise motion to the lever 70. Assuming
that the pinion teeth’are in alignment with
the spaces .of the motor gearing teeth, the
pinion 51 will slide outwardly into engage-
ment with the fiywheel gear 91 without ap-
preciable compression of the spring b58.
After the pinion has moved a certain dis-
tance, the arm 80 of lever-70 will Have moved
sufficiently downwardly to begin to clear the
retaining surface 100 of the extension 98. As
further movement of the lever 70 takes place
the arm 80 will move away from the retain-
ing surface 100 permitting the "clockwise .
movement as viewed in Fig, 6 of brush cam
97 due to the pressure exerted by springs 92
through rollers 95 to the lugs 96. By the
time the pinion 51 is in substantially full en-
gagement with the teeth of flywheel gear 21,
the brushes 83 and 85 will have moved in
engagement with the commutator 80 there-
‘by establishing the motor cireuit which is as

follows:

Referring to Fig. 2 the motor circuits in-
clude battery 120, wire 121 to which the
motor field windings are connected in paral-
lel. Each of the brushes 82-and 84 are con-

_nected with a pair of field windings 28, and |

70

80

85

90

100

110

115

120

125

130



10

20

2

=41

[
<

o
<t

Ing

40

60

65

1,501,519

the brushes 83 and 85 are grounded. The

motor circuits.are completed through ground
connection 122 when the brushes 83 and 85
are brought into engagement with the com-
mutator 30. . ' .

After the engine has become self-operative
a pedal 79 is released, whereupon spring 78
effects counter clockwise movement of lever
70 to the position shown in Fig. 4 thereby
disengaging pinion 51 and causing the arm
80 to move along the camming surface 99
and into engagement with the retaining sur-
face 100 of the brush cam 97 whereupon the
motor will cease to be operative,

As the engine becomes self-operative and
before the pedal 97 is released the engine
will drive the pinion 71 at a high rate of
speed. By reason of a one way clutch pro-
vided the engine cannot operate the motor
armature shaft therefore any disastrous ef-
fects on the motor are eliminated. However,
after the pinion has been disengaged in the
manner described it will continue to rotate
due to its ovn momentum and the momen-
tum of the mechanism connected with the
pinion shaft 48. This motion is quickly ar-
rested, since the spring 78 forces the rotating
brake disc 65 against the fixed brake member
60 and in turn against the clutch cup 43.
Both sides of the brake member 60 are there-

fore exposed to the rubbing action of mem- -

bers 43 and 65. Any suitable braking ma-
terial may be used in the construction of the
mmber 60, however it may be mentioned
that a material known as “Rabestos” has
been found satisfactory for the purpose.

It will be apparent from the foregoing de-
scription that the disassembling of the start-
device for purposes of repair is facili-
tated. When the gear housing 26 is removed
from the frame 95, the lever 7 0, the shaft
48 and all parts supported thereby except the
clutch cup 43 will be removed with it, since
the end 49° of the shaft 48 may be disengaged
from its bearing 33 within the clutch cam
83, and .the driving connection betwen the
shaft 48~ and clutch cup 43 may be readily
disengaged. By removing frame 25 from
frame 23 all parts supported thereby can be
removed-leaving the end 82 of the armature
shaft 29 unsupported. After the brush
bracket 91 has been removed from the frame
25 the brush cam 98 may be easily removed
from its bearing upon the rollor bearing
race 38. The clutch members may be easily
removed from the bearing 38 simply by mov-
ing the same to the left or frame 25 as viewed
in Fig. 4. In this manner the clutch can be
removed with its parts in assembled relation
carrying- with it the assembly of bearing
rollers 87.

In case the teeth of pinion 51 should col-
lide with flywheel gear teeth when pinion 51
is shifted, immediate enmeshment of the
gearing will be prevented. Further move.

8

ment of lever 70 will place spring 58 in a
state of increased compression before the
motor brushes are permitted to engage the
commutator. - Then, when the motor turns
the pinion 51 a distance sufficient to permit
enmeshment the spring 58 will quickly force
the pinion 51 into engagement with the fly-
wheel gear. This operation has been de-
scribed and claimed in the copending appli-
cation referred to.

While the form of mechanism herein
shown and described constitutes preferred
form of embodiment of the invention, it is to
be understood that other forms might be
adopted, all coming within the scope of the
claims. which follow.

What I claim is as follows:

L In a starting device for internal-com.
bustion enginés, the combination with an
engine having a gear, and a motor having
a brush movable toward and away from the
motor commutator; of a motor driven shaft
located adjacent the commutator end of the
motor and coaxial with the commutator; a
pinion slidable on said shaft; 2 cam mem-
ber for moving the said brush; a lever act-
ing directly on the cam member and con-
nected with the pinion for moving both the
brush and ‘pinion; and 2 pedal directly at-
tached to the lever.

2. In a starting device for internai-con.
bustion engines. the combination with an
engine havin :
brush movable toward and away from the
motor commutator; of a motor driven shaft
located coaxially with the commutator; a
pinion slidable ‘on said shaft; a rotatable
cam plate movable coaxially of the commu.
tator for moving the brush; and a control
lever acting directly on the cam member and
connected with the pinion for moving both
the brush and pinion.

8. In a stariing mechanism for an inter-
nal-combustion engine having a gear, a uni-
tary structure including a housing, a motor,
a commutator, a motor brush movable to
make or break the motor circuit, a motor
driven shaft and a pinion on said shaft lo-
cgted within the housing and coaxial with
the commutator, a cam member for moving
the brush, and a control lever mounted on
the housing and acting directly on said cam
member to move the brush and connected
with the pinion for moving the pinion into
mesh with the engine gear prior to the start-
ing of the motor.

4. In a starting device for internal-com-

bustion engines, the combination with an en-

gine having a gear, and a motor having
brushes adapted to move toward and away

_from the commutator to make or break the

motor circuit; of means pivotally support-
ing said brushes upon the motor frame;
springs urging said brushes toward the com-
mutator; a brush cam plate pivotally

a gear, and a motor having &’
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mounted axially of the motor and cooper-
ating to retain said brushes out of engage-
ment with the commutator, said brush cam

plate having a retaining surface extending,
an

substantially radially ~ thereof and
obliquely disposed camming surface; 'a
shaft operated by the motor; a pinion slid-
ably connected with said shaft; pinion
shifting means including a lever pivotally
mounted transversely to the motor axis and

having a portion adapted to cooperate with

the brush retaining ‘and oblique camming
portions of the brush cam plate, and means
yieldingly maintaining the lever in inopera-
tive position and in engagement with the
brush retaining portion of the brush cam
plate.

5. In a starting device for internal-com-
bustion engines, the combination with an
engine having a gear, and a motor having an
end frame; of a brush bracket mounted
thereon; a plurality of brush arms carrying
brushes and pivotally mounted on said
bracket ; springs urging said brush arms to-
ward the motor commutator; rollers pro-
vided on certain brush arms; a brush cam

plate pivotally mounted on said end frame

concentrically of said motor and provided
with cams cgoperating with said brush arm
rollers to move said brush arms to Inopera-
tive position, and provided with a substan-
tially radially extending brush arm retain-
ing portion and an obliquely disposed brush
cam portion ; a shaft operated by the motor;

“a pinion slidably connected with said shaft;

a pinion shifting lever pivotally mounted
transversely to the motor axis and having a

portion adapted to cooperate with the brush- -

retaining and oblique camming portions of

the brush cam plate, and means yieldingly

maintaining the lever in inoperative posi-
tion and in engagement with the brush re-
taining portion of the brush cam plate.
6. In a starting device for internal-com-
bustion engines, the combination with an
engine having a gear, and a motor; of a
shaft operated by the motor; a pinion slid-

-ably connected with said shaft and normally
“disconnected from the engine gear; a brake

for said shaft; and manual means for re-
leasing said brake and for shifting said pin-
ion into engagement with said gear.

7. In a starting device for internal-com-
bustion engines, the combination with an
engine having a gear, and a motor; of a
shaft operated by the motor; a pinion slid-
ably connected with said shaft and normally
disconnected from the engine gear; a brake
for said shaft; and manual means for re-
leasing said brake and for shifting said
pinion into engagement with the engine gear
and for rendering the motor operative.

8. In a starting device for internal-com-
bustion engines, the combination with an en-
gine having a gear, and a motor; of a pinion

1,501,519

driven by the motor and normally discon-
nected from the engine gear; a brake for
the pinion; and manual means for releas-
ing the brake and for shifting said pinion
into engagement with the engine gear.

9. In a starting device for internal-com-
bustion engines, the combination with an en-
gine having a gear, and a motor; of a pin-
ion driven by the motor and normally dis-
connected from the engine gear; a brake for
the pinion; and manual means for releas-
ing the brake and for shifting said pinion
into engagement with the engine gear; and

- for rendering the motor operative.

10. In a starting device for internal-com-
bustion engines, the combination with an en-
gine having a gear, and motor; of a pin-
ion shaft; companion clutch elements con-
nected, respectively, with the motor and pin-
ion shaft and forming a one way drive from
the motor; a pinion slidably connected with
said shaft; means slidably connected with
said shaft: means slidable on said shaft for
transmitting sliding motion to said pinion;
a brake located between said motion trans-
mitting means and the shaft.clutch element;

‘mariual means for moving said motion’
transmitting means to release said brake;

and a spring for ‘restoring said manual
meuns to braking position and said pinion
to inoperative position. .
11. In a starting device for internal-com-
bustion engines, the combination with an
engine having a gear, and a motor; of a
pinion shaft; companion clutch elements
connected, respectively, with the motor and
pinion shaft and foriing a one way drive

70

75

80

90

100

from the motor; a pinion slidably connected .

with said shaft; means slidable on said shaft
for transmitting sliding motion to said pin-
ion; a brake located between said motion
transmitting means and the shaft clutch ele-
ment; said brake comprising a portion of
the shaft clutch element, a metallic mem-
ber slidably connected with said shaft, and
a nonrotatably but slidably mounted fric-
tion member located between the metallic
member and the clutch element; manual
means for moving said motion transmitting
means to release said brake; and a spring
for restoring said manual means to brak-
ing position and said pinion to. inoperative
position. .

12. In a starting device for internal-com-
bustion engines, the combination with an en-
gine having a gear, and a motor; of a shaft
operated by the motor, a pinion slidably
connected with the shaft; means for moving
said pinion including a member slidable
aleng said shaft; a brake for said shaft
including a member rotatably connected

with said shaft and a friction member non-

rotatably mounted with "respect to -said
shaft; and means for moving said slidable
member to disengage said pinion from the
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fly-wheel gear and to cause said friction
member to be gripped between said slidable
member and said member rotatably con-
nected with the shaft.

13. In o starting device for internal-com-
bustion engines, the combination with an
engine having a gear, and a motor; of a

shaft operated by the motor, a pinion slid-.

ably connected with the shaft but normally
disengaged from the engine gear; means for
moving said pinion into engagement and out
of engagement with the engine gear includ-

.ing a member slidable along said shaft; a

brake .for said shaft including a member

rotatably connected with said shaft and a

friction member non-rotatably mounted
with respect to said shaft; spring means
yieldingly maintaining the slidable member
In pinion disengaged position and for caus-
ing said friction member to be gripped be-
tween said slidable member and said mem-
ber rotatably connected with the shaft; and
manual means for moving said slidable
member into pinion enmeshing position and
for releasing said brake. '

14. In a starting device for internal-com-
bustion engines, the combination with an
engine having a gear, and a motor; of a
shaft operated by the motor, a pinion slid-
ably connected with the shaft; a brake for
said shaft including a member rotatable
with said shaft and a friction member non-
rotatably mounted but slidable axially of
the shatft; ana means for causing said frie-
tion member to be moved against said mem-
ber rotatable with said shaft, and for dis-
engaging the pinion from the engine gear.

15. In a starting device for internal-com-
bustion engines, the combination with an
engine having a gear, and a motor; of a
shaft operated by the motor; a pinion slid-
ably connected with the shaft; a brake for
said shaft including a member rotatable
with said shaft and a friction member non-
rotatably mounted but slidable axially of
the shaft; and spring means for causing
said friction member to be moved against
said member rotatable with said shaft, and
for disengaging the pinion from the engine
gear; and manual means for releasing said
brake and for moving said pinion into en-
gagement with the gear. :

16. In a starting deviee for internal-com-

- bustion engines, the combination with a

55
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motor having an armature shaft; of a pin-
ion shaft axially alined with said armature
shaft; companion clutch elements connected
respectively with the said shafts to provide
a one-way drive from the motor, the arma-
ture shaft clutck element providing a jour-
nal for one end of the armature shaft, and
supporting a bearing for one end-of the pin-
ion shaft; bearings for-the outer ends of the
said pinion and armature shafts; an inter-
mediate bearing for the armature shaft

o

clutch element; and a pinion connected with
the pinion shaft.

17. In a starting device for internal com-

bustion engines the combination with a
motor having an armature shaft; of a pinion
shaft axially alined with said armature
shaft; companion clutch elements connected
respectively with said shafts, the armature
shaft clutch element providing a journal for
one end of the armature shaft; bearings for
the outer ends of the pinion and armature
shafts; and an intermediate bearing for the
armature shaft clutch element, said bearing
including an outer race and roller bearings,
the armature shaft clutch element being con-

structed to provide the inner bearing race

and journaled for the armature shaft.

18. In a starting device for internal com-
bustion engines, the combination with a mo-
tor field frame; of an armature shaft carry-
ing an armature and commutator; means
carried by said field frame for supporting
the outer end of said armature shaft; an end
frame attached to said field frame and carry-
ing the following associated elements:—
motor brushes and brush supporting means,
a bearing, and companion clutch elements,
one of which is keyed to said armature shaft
and provides a journal therefor within said
bearing; and a gear housing attached to said
end frame and carrying the following asso-
ciated elements:—a bearing, a pinion shaft
having its outer end journalled within said
bearing and its inner end supported by said
armature shaft clutch element, said shaft
being keyed to the other clutch element, a
pinion slidably connected with said pinion
shaft, and pinion shifting means; whereby
the gear housing together with its associ-
ated elements may be removed from the end
frame, and the end frame together with its
associated elements may be removed from
the field frame. .

19. In a starting device for internal com-
bustion engines, the combination with a mo-
tor field frame; of an armature shaft carry-
ing an armature and commutator; means
carried by said field frame for supporting
the outer end of said armature shaft; an end
frame attached to said field frame and carry-
ing the following associated elements :—
motor brushes and brush supporting means
including movable brush arms, a brush arm
cam device, a bearing, and companion clutch
elements one of which is keyed to said arma-
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ture shaft and provides a journal therefor _

within said bearing; and a gear housing at-
tached to said end frame and carrying the
following associated elements:—a bearinf, a
pinion shaft having its outer end journalled
within said bearing and its inner end sup-
ported by said armature shaft clutch ele-
ment, said shaft being keyed to the other
clutch element, a pinion slidably connected

“with said pinion shaft, and pinion shifting

130
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means including means cooperating with

said brush arm cam device ; whereby the gear
housing together with its associated elements
may be removed from the end frame, and the

“end frame together with its associated ele-

ments may be removed from the field frame.
20. In a starting device for internal com-

bustion engines, the combination with a mo-.

tor field frame; of an armature shaft carry-
ing an armature and commutator; motor
brushes; means carried by said field frame
for supporting the outer end of said arma-

“ture shaft; an end frame attached to said

field frame and carrying the following asso-
ciated elements:—a bearing and companion
clutch elements one of which is keyed to said
armature shaft and provides a journal there-
for within said bearing; and a gear housing
attached to said end frame and carrying the
following associated elements:—a bearing, a

~ pinion shaft having its outer end journalled

30

35

within said bearing and its inner end sup-
ported by said armature shaft clutch ele-

ment, said shaft being keyed to the other.

clutch element, a pinion slidably connected
with said pinion shaft, and pinion shifting
means; whereby the gear housing together
with its associated elements may be removed
from the end frame, and the end frame to-
gether with its associated elements may be
removed from the field frame. _
21. In a starting device for internal com-
bustion engines, the combination with a mo-
tor field frame; of an armature shaft carry-
ing an armature and commutator; motor
brushes; companion clutch elements one of

1,501,519

which is keyed to said armature shaft and

provides a journal therefor; bearing mem-
bers attached to said field frame, one sup-
porting one end of said armature shaft, and
the other supporting said clutch elements;
and a gear housing attached to said frame,
and carrying the following associated ele-
ments:—a bearing, a pinion shaft supported
at one end by said bearing, and at the one
end by said armature clutch element and
keyed to the other clutch element, a pinion

slidably connected with said pinion shaft,

and pinion shifting means.

99, In a starting device for internal com- :

bustion engines, the combination with a mo-
tor field frame; of an armature shaft carry-
ing an armature and commutator; motor
brushes; a shaft connecting device including
a part keyed to said armature shaft; bear-
ing members attached to said field frame and
supporting, respectively, the outer end of
said armature shaft and said shaft connect-
ing device; and a gear housing attached to
said frame and carrying the following as-
sociated elements :—a bearing, a pinion shaft
supported at one end by said bearing and
having a keyed connection at its other end
with said shaft connecting device, a pinion
slidably connected with said pinion shaft,
and pinion shifting means.

In testimony whereof I affix my signatura.

, WILLIAM A. CHRYST.
‘Witnesses: '
F. J. HaroMaN,
Lee T. HoLiEN.
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