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28 Claims.

The present invention relates to inertia type
starters for internal combustion engines, such as
aircraft engines and the like.

The general object of the invention is to pro-
vide an improved inertia or impulse type starter
which may be either electrically or manually en-
ergized. '

A particular object is to provide novel and im-
proved brush lifting and jaw mesiing mecha-
nistas in a starter of the type described;

A further object is to provide a combined brush
lifting and jaw meshing mechanism which may
be operated electrically in conjunction with the
electric starting motor, or manually in conjunc-
tion with associated hand cranking mechanism.

A stili further object is to provide manually
operated mechanism for retracting the brushes
of the starting motor and operating jaw meshing
mechanism, in combination with sclenoid operT-
ated mechanism for releasing the brushes from
retracted positions and for operating the jaw
meshing mechsnism, )

Another object is to provide a novel motor
frame, or housing, having wells therein to ac-
commodsaie g jaw meshing solencid and a relay

or the like assceiated with & starter of the type’

described.

Additional objects and advantages will be ap-
barent to those skilled in the art as the descrip-
tion proceeds in connection with the accompany-
ing drawings, iin which:

Figure 1is an elevaiional view of a starter, with
certain parts broken away, illustrating the prin-
ciples of the invention;

Figure 2 is a sectional view taken approxi-
mately on the line 2—2 in Figure 1, showing the
motor brushes in operative relation to the com-
mutator;

Figure 2 is an enlarged top plan view of the
starier with parts broken away to show a por-
tion of the brush lifting and jaw meshing mech-

_ anism in positions consisient with Figures 1
and 2;

Figure 4 is an enlarged fragmentary sectional
view taken as Figure 2, put. showing the brush
lifting mechanism in retracted position:

Figure § is an enlarged fragmentary plan view
taken as Figure R, but showing the brush lifting
mechanism in retracted position consistent with
Figure 4; . ' :

Pigure 6 is a fragmentary perspective view
showing the mechanism as it appears with the
brushes lowered into operative relation with the
commutator, gs in Figures 1, 2 and 3;
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Figure 7 is an enlarged top plan view with 55

portions of the top housing broken away, and in-
cluding a diagrammatic representation of asso-
ciated hand cranking mechanism;

Figures 8, 9 and 10 are plan and elevational
views, respectively, of the motor frame, Figure 10
being taken at right angles to Figure 9; and

Figure 11 is a fragmentary sectional view ap-
proximately on the line 1{—i{ of Figure 3 and
drawn to the same scale as Figures 1 and 2.

The principles of the invention are illustrated
in a preferred embodiment of electric starter .
comprising a motor I, a drive unit 2, and 2 con-
trol unit § connected together in end to end re-
lation and axial alignment as shown in Figure i.
In operation the starter is adapted to transmit
a cranking torque to an internal combustion en~-
gine such as an airplane engine or the like to
be started by means of g jaw clutch member
& which may be extendeéd to engage a similaf
co-mating jaw member on the engine. 'The start-
er contains an inertia member, or fiywheel 3
which may be energized by the eleciric motor
§ or by hand cranking mechanism to store sufii-
cient energy to break the engine loose and ac-
coraplish the cranking thereof. The jaw clutch
member 4 is intended to be extended into crank-
ing engagement with the engine only during the
cranking operation, and preferably not until the
fiywheel energy has attained a value sufficient
to turn the engine at its normal cranking speed.
The operation of exitending the jaw clutch mem-
ber is therefore left under the control of the pilos,
or operator, and the present invention is chiefly
concerned with novel and improved means for
extending this member, for retracting and re-
leasing the motor brushes, and for combining and
correlating these cperations in an improved man-
ner. )

By means of the mechanism herein disclosed
the motor brushes may be lifted for hand crank-
ing, and the jaw cluich member extended, by
maniptdation of & single operating member such.
as a pull cable accassible adjacent the hand
crank, A pull on the cable prior to hand crank-
ing latches the brush lifting mechanism in re-
tracted position so that the fiywheel may be driv-
en at high speed through the motor shaft with-
out brush friction on the commutator. When the
flywheel has been accelerated to the desired
speed, a second pull on the same pull cable will
extend the jaw clutch member into engagement
with the engine for crenking.

If the flywheel is to be energized by means of
the moter the brush lifting mechanism is first
unlaiched by a self contained solenoid which re-




z .
leases the brushes for electrical cooperation with
the motor armature. Upon acceleration of the
flywheel to the proper speed a second energiza-
tion of the solenoid will extend the jaw clutch
member for, cranking the engine. The switch
for controlling the solenoid circuit may be located
adjacent the switch for controlling the starter
motor, preferably in the cockpit or pilot’s com-
partment, in the case of dn airplane. Thus the
present invention provides for the accomplish-
ment of a double function by the instrument used
for extending the jaw clutch member. If the
jaw clutch member is to be extended by the pull
cable the brushes are lifted by that agency, and
if the jaw is to be extended by the solenoid the
brushes are released by the solenoid, avoiding a
multiplicity of controls for the combinations of
functions to be accomplished under different cir-
cumstances. )

Compact association of the operating instru-
mentalities is achieved by means of & bilobate
construction of the motor frame, or housing, in

which a pair of lobes on opposite sides of the
commutator provide wells for containing the
above mentioned solenoid and a power relay or
terminal connector. . . )

~ 'The above mentioned objects and features of
the invention which have been discussed in gen-
eral terms will now be described in ‘detail with
r_efe'rence to. the preferred embodiment illus-
trated, in accordance with the patent statutes,
s0 as to be fully understood by one skilled in the
art. i

The mechanism by which the rotational energy
of the motor armature and flywheel is trans-
mitted to the jaw clutch member 4 is not mate-
rial to the present invention, but may be said-
to broadly include gearing in the units 2 and 3
to appropriately reduce the speed, and friction
cluteh means 6 to absorb the shock of suddenly
applied loads and to prevent overstressing the’
parts. This drive and clutch mechanism is of
the general type disclosed and claimed in my co-
pending application Serial No. 403,406, filed July.
21, 1941, )

A spring T constantly urges the member 4 into
its extended position, but outward movement is
normally prevented by spring 8 bearing against
a stop 9 on the push rod 10. The spring 8 seats
within the cupped end of a stationary sleeve it

. and overpowers the spring 7, the push rod i
being provided with a head or nut 12 abutting
the outer surface of a web {3 in the member 4.
The member & is therefore constrained to re-
main in its retracted position as shown in full

lines in Figure 1 until and unless the push rod -

- {0 is depressed. The structure just described for
biasing the push rod and the jaw clutch member
is described and claimed in my ¢opending appli-
cation Serial No. 439,751, filed April 20, 1942,

The novel features of the invention will first
be described with particular ‘reference to the
functions accomplished by the various parts of
the mechanisms and the novel cooperation ex-
‘jsting therebetween, after which the details of
construction and assembly will be described in
greater detail. .

Tn order to be actuated by mechanism on the .
commutator end of the motor, the push rod {0
is disposed axially through the control unit 3,

© the drive unit 2, and the motor {, the motor

armature and other centrally disposed parts hav-
ing axial openings therethrough. - The push rod
may be constructed in one piece, or it may ¢om-
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prise’a number of.sections fitting together in
end-to-end relation with the upper extremity
projecting beyond the end of the hollow motor
shait 14. . .

In the motor i, 15 designajes the armature, {6
the stator, and IT the commutator. The present
motor is supplied with four sets of brushes 8
in stationary brush holders 19, as shown in Fig-
ure 2, the brushes being normally urged against
the commutator by fingers 20 actuated by ten-
sion springs 21 anchored on fixed posts 22. The .

fingers 20 are pivotally mounted on posts 28 and

are arranged to bear directly against the brushes.
Also pivotally mounted on the posts 28 are frames
28 carrying rollers 25 of insulating material and
having projections 26 for lifting the fingers 20,
the frames 24- being movable independently - of
the latter are engaged by the
projections 26. The rollers 25 are thereby en-
gageable by cams 27 to effect the lifting of the
fingers 20 to remove the spring pressure from the
brushes.

Tt is desirable in the present embodiment to
insure that at least certain of the brushes will
be positively lifted out of electrical contact with
the commutator to break the circuit, and to ac-
complish this function those certain brushes may
be provided with lugs 28 fo be engaged by the
tips of the fingers 20 when the latter are cammed
outwardly. In the present instance the brushes
on only one side of the line are provided with
lugs 28, but it is to be understood that the lift~
ing of all or none of the brushes may be made
positive in action without affecting the operative-
ness of the invention, and such variations are -
contemplated as being within the scope of the
invention. It is-also to be understood that refer-
ence to brush lifting mechanism and the so-
called lifting or retracting of the brushes, is not
to be interpreted as requiring positive physical
lifting means for the actual brush elements
themselves, but only that the source of brush
pressure is removed to allow the brushes free
movement out of pressure contact with the arma-
ture. The terms lifting or retracting of the
brushes are used in the specification and claims
simply to mean the withdrawing or removing of
spring pressure therefrom {0 reduce friction on
the commutator when the fiywheel is to be driven
by hand crank mechanism: It is also within the
scope of the invention fo modify the lugs 28
which are shown as being formed on the termi-
nal parts of the flexible pigtail connections 29.
The functional characteristics of the cam oper-
ated brush lifting mechanism having been de-
scribed, further reference tc-the structural fea--
tures of this mechanism will be made presently
as the description proceeds.

A double segment gear 35 bearing on an an-
nular flange 35a meshes with the segment gears
36, 36 on the two cam shafts 37, 37 to rotate the
cams 27, 27, the gear 35 being actuated by a link
38 connected with a latching lever 39 pivoted
on one of the screws 82. A spring 41 (Figures 3
and 5) tends to maintain the parts in the posi-
tions illustrated in Figures 1, 2 and 3 with the
brushes bearing on the commutator. Mecha-
nism will presently be described for rotating the
latching lever 39 in a counterclockwise direction
as viewed in Figure 3 to lift the brushes, the
parts then assuming the positions shown in Fig-
ures 4 and 5. Once the parts are thus moved,
to lift the brushes, a latching tongue 42 on the
lever 39 enters into latching engagement with a
plunger 43 in a solencid mechanism 44 to prevent
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the parts from returning to the positions shown
in Figures 2 and 3. To facilitate the latching
operation the tongue 32 is preferably provided
with a sloping cam surface 45, and the plunger
43 is necked down to furnish s cooperating con-
ical surface 46. A solenoid spring 41 (Figure 1)
normally seats the plunger on a stop surface 48.
When the latching lever 39 moves from the posi-
tion of Figure 3 to the position of Pigure 5. it
must cam up the plunger 43 so that g portion
of the tongue 42 adjacent the cam surface 45
may pass under the necked conical surface 46.
When the tongue 42 has cleared the plunger 43
the latter snaps down against stop 48 to prevent
return movement of the tongue. - When the sole-
noid is energized, the plunger is lifted, releasing
the tongue 42 and allowing the brushes to snap
back into engagement with the armature. |

The lever 39 is moved into brush lifting posi-
tion and latching engagement  with plunger 43
by means of the external lever arm 49 which
may have a pull cable 50 attached thereto to
rotate it in a counterclockwise: direction as viewed
in Figures 6 and 7. The lever 48 operates an
arm 5{ within the casing and is biased clockwise
by the spring 52. The arm 51 is adapted to en-
gage the latching lever 39 to lift the motor brushes
through the agency of the mechanism previously
described, a stop 34 serving to limit the motion
of levers 39 and 9. The arm 51 is also adapted
to engage a bell crank extension 53 on a rocker
arm 54 pivoted on a shaft 55. The rocker arm
54 has an end 56 adapted to engage and depress
the axial push rod {0, and an end 57 adapted to
be actuated by the solenoid plunger 43.

"The solenoid 44 is carried by a plate 58 by
means of which it is mounted in the motor { in
2 manner-10 be presently described. A bracket
59 having a conduit portion 69 inteeral there-
~ with supports a conductor 6{ for the .solenoid
circuit, terminal connection being made at 62,
as shown in-Figure 3.

The upper end or the motor shaft (4, as viewed
An Figure 1, carries a bevel gear 19 adapted to be
driven by hand cranking mechanism indicated
diagrammatically by the numera} 11 , a8 shown in
Figure 7. A cylindrical housing portion 12 con-
tains bearings 73 carrying a bevel gear 74 in

3

such engagement until the jaw 4 ceases to de-
liver torque to the jaw on the engine. The sec-
ond operation of the pull cable will have no ei-
fect upcn the brush lifting mechanism since
this mechanism will already have been latched

" in the position shown in Figures 4 and 5.
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mesh with the gear 10, and an over running

clutch member 15 driven from g flexib'e shaft or

the like 76. .The clutch 75 is preferably of the
type described and claimed in my copending ap-
plication Serial No. 434,235, filed March 11, 1942
The connection with the hand cranking mecha-
nism is arranged as a side connection in the

present embodiment, but a longitudinally. d'- )

rected end connection may be made readily avail-
able by means of interchangeable parts, and it
is contemplated that such modification is includ-
ed within the scope of the invention.

When the starter is to be energized by the hand
cranking mechanism, the pull cable 50 may be
manipulated to move the arm §{ to latch the
brush pressure fingers 20 in raised positions, cer-
tain of the brushes being lifted ¢lear of the com-
mutator to break the circu't. - The jaw clutch
member 4 will be momentarily extended by this
" operation but will be returned by spring 8 to its
retracted position upon release of tke pull cable.

After operation of the hand crank to spin the =

flywheel :§ at a high speed, the pull cable may
be operated a second time to again extend the
jaw clutch member 4, whereupon the friction ot
the driving engagement between co-mating jaws
on the starter and on the engine will maintain

a0

5

5

When the starter is to be energized by the
motor, a momentary energization of the solenoid
44 will raise the plunger 43 to release the latch-
ing lever 3¢ allowing the brushes to return to
the commutator under their normal operating
spring pressure. Operation of the solenoid wiil
momentarily extend the jaw ciutch member 4,
but, as in the case of hand cranking, this mem-
ber -will return’ to its retracted position if it is
not exerting torque upon the engine to fric-
tionally maintain the engagement once it is es-
tablished. After operation of the motor ! to

.accelerate the flywheel to operating speed; the

solenoid may be momentarily energized a second
time to extend the rotating jaw clutch member
4 into cranking engagement with the engine,
this engagement being frictionally maintained
until the engine starts, or until the motor | is
deenergized. ’ ’

It will be noted from Figure 2 that the brush
operating cams, rollers, spring and pressure fin-
gers are oppositely disposed on two sides of the
commutator 17, leaving spaces:. available in the
two remaining intervals between brushes. Wells
89 and 81 are disposed in these spaces, accom-
modating a relay and terminal assembly 83 and
the solenoid 44, respectively. The solenoid is
readily removable by removing the screws 82 and
the electrical connection 62, as shown in Fig-
ure 3.

Frem the conrection 62 the lead 61 runs
to the assembly 83. In the present embodiment
the assembly 83 comprises a laterally facing ter-
minal receptacle 84 for receiving an electrical
conduit, and an upwardly extending solenoid 85
having fixed and movable contact elements 86
and 87 associated therewith, best shown in Fig-
ure 1. The receptacle 88 carries the power cir-
cuit. for the motor | as well as the control -cir-
cuits for the relay solenoid 85 and the previously
mentioned solenocid 44, the power circutt for the
motor | being established through the relay con-
tacts 86 and 87 under the control of the solenoid

- 8.« To complete the circuit to solenoid 44 the
- lead 61 makes electrical connection with one of

the terminal p'ns in the receptacle 84,
If it is not desired to include the relay in the

. starter the well 80 may be used exclusively for

housing the terminal receptacle facing either
laterally or upwardly, through either the side or
top opening in the well, a cover plate being pro-
vided for the opening not occupied by the con-
duit receptacle. ,
Figures 8, 9 and 10 illustrate ‘the motdr frame,
or housing, per se. having a novel structural de-
sign to accommodate the solencid 84 and the
assembly 83 as integral parts of the starter.
This frame, designated generally by the numeral
100, has a cylindrical portion 101. carrying the
stator 18, and a cylindrical portion 102 of larger
diameter surrounding the flywheel 5, although
hoth cylindrical portions may have the same
diameter. The cylindrical portion. 101 carries on
its upper end, as viewed in Fisures 1, 9 and 10,
a bilobate extension adjacent the commutator
comprising the two lobes 103 and 104, and an
end plate 105, it being understood that these
various parts are preferably cast as an integral

9.
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unit. The end plate 108 is provided with a re-
ceiver 106 for a motor bearing 107, the upstand-
ing rim 35a therearound serving as bearing for
the double segment gear 35, as previously de-
scribed. ° )

The lobe 103 contains the previously mentioned
well 80 for the assembly 83 and the lobe {04 con-

tains the well 81 for the solenoid 44. The well -

81 has a top opening 108 which is closed by the
plate 58 carrying the solenoid 44 when the latter
is in place in the well.. The well 80 has a top
opening 109 and a side opening 110 which may
be joined together as shown. When the unit 83
is in place the solenoid 835 projects. from and
closes the top opening 109, and the terminal
receptac'e 84 projects from and closes the side
opening 110, By virtue of this construction the
solenoid 44 and the assembly 83 are carried as
integral, though removable, parts of the starter.

Holes (1{ carry the cam shafts 37, and lugs
112 are provided for seating the lower ends of
these cam shafts and for securing the brush
holders and operating mechanism. Referring to
Figure 1, the four brushes are carried on two
insulating blocks (i3 on opposite sides of the
commutator, between the motor frame lobes 103
and 108, leaving the lobal regions available for
the jaw meshing and brush releasing solenoid
and the terminal and relay assembly. Each
brush holding and lifting mechanism operated
by a gam shaft 37 is preferably constructed as
a unitary sub-assembly comprising brush hold-
ers 19, pressure fingers 20, springs 2f, posts 22
and 23, frames 23, and rollers 25 all carried by
the blocks 1{3. These blocks are adapted to be
secured against raised faces 114 on the end plate
105, internally threaded inserts or ferrules in the
blocks receiving screws through holes 115 in the
end plate §05, thereby accurately positioning the
brushes with respect to the commutator. The
lower portion of the brush assembly is secured
to the above mentioned lug ({2 by means of a
screw 116 in the tapped hole {i7 which passes
through an insulating block -1i8 engaging the
posts 23 near their lower ends. The four brushes
{8 are carried by two identical assemblies as
above described, these parts being normally cov-
ered by the cover plates 130 secured to fasten-
ers 131,

A housing 126 carrying the motor end of the
flexible drive shaft 76, and also carrying certain
parts of the brush lifting and jaw meshing

mechanism, is secured to the end plate 105 of

the motor housing by screws 118. Abutments
121 and 122 integral with the housing i20 are
positioned for axial engagement with the cam
shafts 31 to prevent their displacement, these
cam shafts being removable through the open-

ings t1l when the housing {26 is removed. In.
a similar manner the housing 120 carries a plural-’
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ity of abutments 123 around a circular rim or °

flange 124 to prevent displacement of the double
segment gear 35 from its bearing on the annular
fiange 35a, the flange (24 fitting within the flange
35z and terminating just above the motor bear-
ing 107. These features ure best shown in Fig-
ures 3 and 11, ’
Tt will be seen that the housing 120, as above
mentioned, also carries certain parts of the pre-
viously described brush lifting and jaw meshing

70

mechanism, The lever 48 and arm 51 are jour- -

nalled in a boss 125 in the housing 120, and the
spring
inwardly of this housing. See Figures 1,6 and 7.
The shaft 55 carrying the rocker arm 54 is sup-

52 is anchored on a post 126 extending .

]
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ported at one end in a boss or thickened portion
{21 of the housing 120, the other end of the
shaft serving as a securing means for a small
cover plate 128. A compression spring 129 may
be provided to hold the rocker arm against the
end of the boss §27 and in alignment with the
plunger 43 and push rod 10. The cylindrical
housing portion 12, which is an integral part of
the housing 120, carries the motor end of the
flexible shaft from the hand crank and contains
the bearings 13, bevel drive gear 14, and over
running clutch 75 as previously described, the
extremity of the portion 12 being provided with
a threaded -fitting 11 for receiving a conven-
tional flexible shaft serewthreaded coupling ele-
ment. The under side of the cylindrical por-
tion 12 carries the previously mentioned abut-
ment 122, appearing in Figures 3 and 11.

The single preferred embodiment herein shown
and described is considered to represent the best
embodiment of the principles of the invention,
put it is to be understood that the present appa-
ratus is only illustrative and that the invention
can be carried out by other equivalent structure.
Also, while it is intended to use the various fea-
tures and elements in the combination and rela-
tions described, some of these may be altered
and others omitted without interfering with the
objects and advantages of the invention, and the
invention is intended to include all such modifi~
cations. The invention is accordingly intended
to be limited only by the prior art and the scope
of the appended claims.

I claim:

1. In an engine starter having an inertia mem-
per and an extensible jaw clutch member, an
electric motor for rotating said inertia member,
resilient means for urging the brushes of said
motor into contact with the motor commutator,
manually operable means for retracting said re-
silient means and extending said jaw clutch mem-
per, means for latching said resilient means in
retracted positions, and solenoid operated means
for releasing said latching means and extending
said jaw clutch member.

2. Tn an engine starter having an inertia mem-
ber and an extensible jaw clutch member, an elec-
tric motor for rotating said inertia member, a
hend cranking .mechanism, resilient means for
urging - the brushes of said motor into contact
with the motor commutater, manually operable
means associated with said hand cranking mech-
anism for retracting said resilient means and ex-
tending said jaw clutch mechanism, and solenoid
operated means associated with said motor means
for releasing said resilient means from retracted
positions and extending said jaw clutch member.
" 3.In an engine starter having an axially aligned

‘motor unit, drive unit, control unit and exten-

sible jaw clutch member wherein the commu-
tator end of said motor and said jaw clhitch mem-
ber are disposed on opposite ends of said starter,
a push rod passing axially through all of said
units for extending said jaw .clutch member,
brush operating means on the commutator end
of said motor, and a common mechanism on we
commutator end of said motor for actuating said
push rod and said brush operating means.

4. Tn an engine starter having an axially aligned °
motor unit, drive unit, control unit and exten-
sible jaw clutch member wherein the commuta-
tor end of said motor and said jaw clutch mem-
ber are disposed on opposite ends of said starter,
a push rod passing axially through all of said

‘units for extending said - jaw clutch .member,



brush operating means on the commutator end
of said motor, and a common mechanism on the
commutator end of sald motor for actuating said
push rod and said brush operating means, said
common mechanism comprising manually oper-
able means for retracting the motor brushes and
extending the jaw clutch member, and electro-
magnetic means for releasing said brushes and
extending said jaw clutch member.

5. In an engine starter having an axially
aligned motor unit, drive unit, control unit and
extensible jaw clutch member wherein the com-
mutator end of said motor and said jaw clutch
member are disposed on opposite ends of said
starter, a push rod passing axially through all of
said units for extending said jaw clutch Imember,
brush operating means on the commutator end
of said motor, and a common mechanism on the
commutator end of said motor for actuating
said push rod and said brush operating means,
said common mechanism comprising a brush re-
tracing lever connected with said brush operating
means, a manually operable lever for moving said
brush retructing lever, a latch for holding said
brush retracting lever when so moved, a rocker
arm adapted to be moved by said manually op-
erable lever to operate said push rod, and sole-
noid means for releasing said latch and moving
said rocker arm.

6. In an engine starter having an electric mo-
tor driven inertia member and an extensible jaw
clutch member, a brush lifting lever, a manually
operable lever for moving same, a latch for hold-
ing said brush lifting lever when so moved, a
push rod for extending said jaw clutch member,
a rocker arm movable by said manually operable
lever to operate said push rod, and solenoid means
for releasing said latch and moving said rocker
arm.

7. In an engine starter, an electric motor, an
extensible jaw clutch member, a push rod for
extending said member, a rocker arm for operat-
ing said push rod, a brush lifting lever, a manu-
ally operable lever for actuating said rocker arm
and said brush lifting lever, a plunger for actuat-
ing said rocker arm and unlatching said brush
lifting lever, and solenoid means for operating
said plunger.

8. In an engine starter, an electric motor, an
extensible jaw clutch member, a push rod for ex-
tending said member, a rocker arm for operating
said push rod, a brush lifting lever having a cam
surface thereon, a manually operable lever for
actuating said rocker arm and said brush lift-
ing lever, a plunger for actuating said rocker
arm, a cam surface on said plunger whereby said
plunger is adapted to be cammed into latching
engagement with said brush lifting lever when
the latter is actuated by said manually operable
lever, and solenoid means for operating said
plunger to release said brush lifting lever and
actuate said rocker arm,

9. In an engine starter, a motor, a pair of ro-
tatable brush lifting members in said motor,
means linking said members to rotate same in
unison, a manually operable lever for operating
said members to lift said brushes, g latch for re-
taining said lever in brush lifting position, and
electromagnetic means for releasing said latch,
sald electromagnetic means also controlling
clutch means in the power output of said motor.

10. In an engine starter, a motor, a manually
operable brush lifting member in said motor
adapted to hold the brushes in lifted positions
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member and for controlling clutch means in
the power output of said motor.

11, In an engine starter, a motor, means for
lifting the brushes in said motor, and a single
electromagnetic means for releasing said brushes
and for controlling clutch means in the power
output of said motor.

12, In an engine starter, a motor, a manually
operable lever for lifting the brushes in said
motor, a latch for holding said lever in brush
lifting position and electromagnetic means for
releasing said latch and for controlling clutch
means in the power output of said motor.

13. In an engine starter, an inertia member,
hand crank mechanism for energizing said mem-
ber, an electric motor having movahle brushes
for energizing said member, an extensible jaw
clutch member, a single manipulable means for
lifting said brushes and extending said jaw oper-
able by a first manipulation to lift said brushes
for hand crank energization of said inertia mem-
ber, and operable by a second manipulation,

‘after said energization, to extend said jaw into

driving engagement with an engine to be started
and a single electromagnetic means for releasing
sald brushes and extending said jaw operable
by a first actuation to release said brushes for
motor energization of said inertig member, and
operable by a second actuation, after said en-
ergization, to extend said jaw into said driving
engagement.

14, In an engine starter, a motor, a pair of
rotatable brush lifting members in said motor,
gear means on said members, gear means ro-
tatable coaxially with the shaft of said motor
and engaging said first named gear means for
operating said members in unison, and a manip-
ulable lever for rotating said second named gear
means, said lever also controlling clutch means
in the power output of said motor.

15. In an engine starter, an extensible jaw
clutch member, a motor, a pair of movable
brushes, pressure fingers for pressing said
brushes against the commutator of said motor,
cam means for lifting said fingers, a pair of ro-
tatable shafts for operating said cam means,
gear means on said shafts, gear means rotatable
coaxfally with the shaft of said motor and en-
gaging sald first named gear means for operat-
Ing said fingers in unison, a biased lever for ro-
tating said coaxial gear means, a spring latch
for securing said lever against said bias, and
electromagnetic means for releasing said latch
and simultaneously extending said jaw eclutch
member to start an engine. :

16. In a motor for an engine starter having
cam actuated brush lifting means associated
with hand cranking mechanism, a brush car-
rying assembly comprising an insulating block
adapted to be mounted in said motor, a pair of
brush holders on said block, a pair of posts in
said block, spring actuated fingers pivotally
mounted on said posts for engaging brushes in
said holders, arms pivotally mounted on said
posts for lifting said fingers and insulating rollerg
on said arms adapted for cam actuation,

17. In an engine starter and the like, an elec-
tric motor, reduction gearing and an extensible
jaw clutch member all in axial alignment, a
push rod for extending said member, said push
rod being disposed axially through all of said
above mentioned units, pairs of brushes in said
motor, brush lfting mechanism disposed on op-

. posite sides of the commutator of said motor and

between said brushes, a pair of housings disposed
on opposite sides of sald commutator and be-
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tween.said brush lifting mechanisms, one of said
housings containing electrical supply terminals,
the other of said housings containing a solenoid
and plunger combination, a rocker arm for trans-
mitting motion of said plunger to said push rod,
and latching means on said brush lifting mecha-
nism actuatable by said plunger,

18. In an engine starter and the like having an
electric motor and an extensible jaw clutch
member, a hollow shaft in said motor, a jaw-ex-
tending push rod within said hollow shaft, a
commutator on said shaft, brush lifting mecha-
nism adjacent said commutator, mechanism for
operating said brush lifting mechanism, latching
means for holding said mechanisms in a prede-
termined position, and a solenoid having a plung-
er for operating said push rod and said latching
means.

19, In an engine starter and the like having
an electric motor and an extensible jaw clutch
member, a hollow shaft in said motor, a jaw-
extending push rod within said hollow shaft, a
commutator on said shaft, brush lifting fingers
pivoted adjacent said commutator, a pair of
cams arranged on opposite sides of said commu-
tator for operating said fingers, gear means for
turning said cams, a gear concentric with said
shaft meshing with said gear means, means for
urging said gears toward a predetermined rota-
tive position, means for latching said gears in a
different position, a rocker arm for actuating
said push rod and a solenoid mechanism adja-
cent said commutator and between said brushes
for actuating said push rod and operating said
latching means.

20. In a starter for internal combustion en-
gines, sald starter having an extensible jaw
clutch member, a motor frame having a general-
ly cylindrical portion, a bilobate extension on
one end of said cylindrical portion, an end plate
on said extension, an armature bearing receiver
in said end plate, and means for mounting brush
mechanism between the lobes of said extension,
said lobes belng of hollow construction and
housing solenoid switch and jaw clutch operating
means.

21. In a starter for internal combustion en-
gines, said starter having an extensible jaw
clutch member, a motor frame having a gen-
erally cylindrical body and a bilobate extension
on one end of said body constituting the commu-
tator end of said frame, said lobes being of
hollow construction and housing solenoid switch
and jaw clutch operating means.

22. In a starter for internal combustion en-
gines, said starter having an extensible jaw
clutch member, & motor frame having a generally
cylindrical body and a bilobate extension on one
end of said body constituting the commutator
end of said frame, said lobes being of hollow
cylindrical construction and housing solenoid
switch and jaw clutch operating means, the axes
of said cylindrical lobes being parallel to the axis
of said body and said lobes providing a body
thickness therethrough no greater than the di-
ameter of said cylindrical body.

23. In an engine starter having an extensible
jaw clutch member on one end of said starter
and a motor on the other end, an axial push rod
for operating said member, a frame for said mo-
tor comprising a cylindrical portion having a
bilobate extension on the commutator end, each
of said lobes being of hollow cylindrical construc-
tion, a removable solenoid in one of said lobes for
operating said push rod, and a terminal recep-
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tacle in the other of said lobes f6r making elec-
trical connections to said motor and solenoid.

24. In an engine starter having an extensible
jaw clutch member, a motor frame having a gen-
erally cylindrical body, a bilobate extension on
one end of said body constituting the commutator
end of said frame, said lobes constituting hollow
wells for housing accessory devices, an end plate
on said extension, an armature bearing receiver
in said end plate, an upstanding annular rim on
said bearing receiver projecting from said end
plate, brush holding mechanisms mounted on
sald end plate between said lobes, cam shafts
extending through said end plate for lifting the
motor brushes, gears on said cam shafts and a
gear mounted on said annular rim and meshed
with said cam shaft gears to rotate said cam
shafts in unison, and a solenoid in one of said
wells for extending said jaw clutch member and
controlling said brush holding mechanisms.

25. In an engine starter, a motor frame having
a generally cylindrical body, a bilobate extension
on one end of said body constituting the commu-
tator end of said frame, said lobes constituting
hollow wells for housing accessory devices, an
end plate on said extension, an armature bear-
ing receiver in said end plate, an upstanding an-
nular rim on said bearing receiver projecting
from said end plate, brush holding mechanisms
mounted on said end plate between said lobes,
cam shafts extending through said end plate for
lifting the motor brushes, gears on said cam
shafts, a gear mounted on said annular rim and
meshed with said cam shaft gears to rotate said
cam shafts in unison, a lever for rotating said
gears to lift said brushes, a solenoid in one of
said wells, & plunger in sald solenoid adapted to
latch said lever in brush lifting position, a jaw
meshing push rod extending through said bearing
receiver, and a rocker arm for operating said
push rod by means of said plunger.,

26. In an engine starter adapted for both hand
crank and motor operation, a motor frame hav-
ing a generally cylindrical body, a bilobate ex-
tension on one end of said body constituting the
commutator end of said frame, said lobes con-
stituting hollow wells for housing accessory de-
vices, an end plate on said extension, an arma-
ture bearing receiver in said end plate, an up-
standing annular rim on said bearing receiver
projecting from said end plate, brush holding
mechanisms mounted on said end plate between
said lobes, cam shafts extending through said
end plate for lifting the motor brushes, gears on
said cam shafts, a gear mounted on said annular
rim and meshed with said cam shaft gears to ro-
tate said cam shafts in unison, a hand crank con-
nection housing secured to said end plate, a plu-
rality of abutments on said housing engaging said
meshing gear, and abutments on said housing
axially engaging said cam shafts, said abutments
preventing the displacement of said meshing gear
and said cam shafts.

27. In an engine starting system having an in-
ertia member energized selectively by a motor or
by a hand crank mechanism, an electric motor,
cam operated brush lifting mechanism in said
motor, a pair of cam shafts in said motor for
operating said mechanism, gears on said cam
shafts, a gear meshing with said gears to operate
the latter in unison, a housing on said motor
carrying & drive mechanism from said hand
crank mechanism, and a plurality of abutments
on said housing for engaging said cam shafts
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and sald meshing gear to prevent axial displace-
ment thereof.

28. In an engine starting system adapted for
both hand crank and motor operation, an electric
motor having a frame with an end plate, cam
operated brush lifting mechanism carried by said
frame, a cam shaft in said frame for operating

sald mechanism, sald cam shaft being axially re-
movable through said end plate, and a removable
hand crank connection housing on said end plate
covering the end of said cam shaft, said housing
having an abutment adapted to axially engage
said cam shaft to prevent displacement thereof.
RALPH M, HEINTZ,




