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The present invention relates to engine start-
ers, and particularly to a starter of the self-
- ¢ontained high-speed. type, in which the turn-
ing motion is transmitted through a rotatable
output member or jaw having its axis of rotation

~In line with the axis of rotatmn of an englne
memper.

Among the objects of the 1nvent10n are to

( CL 123—179)

- provide a starter structure or system of greatly

increased power and reduced weight as for air-
craft service and which shall avoid the disad-
vantages of overrunning clutches, such as de-
struction of parts by centrifugal force upon fail-
ure of operation, completely separate the high
speed meshing starter and engine members,; re-
duce critical tolerances, mesh the starter and
engine members prior to a given rate of opera-
tion of the starter, and have other advantages.

Another object is to provide a device of the
above-indicated character which shall be sim-
pie and durable in construction, economical to
manufacture, and effective in its operation.

The above and other objects and features of
the invention will appear more fully hereinafter
from a consideration of the accompanying draw-
ings wherein three embodiments of the 1nvent10n
are illustrated by way of example

In the drawings: -

Figure 1 is a diagram of a system mcludmg a
view In section of a starter of the invention;

Figure 2 is a bottom detail VleW of a portion
of the structure of Figure 1; |

HFigure 3 is a view in side section, parts broken
away, of the invention in modified form; |

Figure 4 is a fragmentary detail of g, modlﬁed
portion of Figure 1; and -

Pigure 5 is a side view generally in sect10n
but having parts in elevation, of another form
of thée invention, and including a, dlagram of
parts associated therewith. S

The structure of Figure 1 compnses a rotatable-
engine-engaging member {8 adapted for axial
- extension and retraction movements, respective-
1y, between a position released from, and a po-
- sition meshed with, an engine member 12 for
starting the engine, the member {8 being shown
In the released position. The device further

comprises an axially stationary rotative nut 13,

‘means including driving means {8 adapted to
rotate the nut 14, a screw shaft element 20 axially
movable relative to, and rotatively movable by,
the nut i4 associated with the engine-engaging
“member (0 for rotating the latter. A meshing
rod element 22 is adapted to move the engine-
engaging member {§ in its axial extension move--
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position of the member 8.
the rod 22 is connected to the inner race of a

ball-bearing” 52 having its outer race connected
to the screw shaft 20 therein, so that the latter

ment engaging it to the engine member 12, the
members {8 -and {2 being of the male and - fe-
male spline type, respectwely havmg mterﬁttmg -
splines or teeth. |
Means including spring means 26 coopergte
with the meshing rod 22 to oppose the move-
ment of the engine-engaging member {0 by the
rod. Means 28 is adapted, in this instance, to
effect the movement of the celement 22 through
the infermediary of a yieldable or fiuid me-
dium such as steam, for example. Throttle
means 34 provides for first initiating movement
of the rod element 22, and following with ro-
tative action of the engine engagmg member.
{0 by the driving means 18. R -
The driving means 18 comprises a partltmn
36 in a housing 38 and, with the latter defining
a pressure chamber 49 adapted to contain a cat-
alyst for hydrogen peroxide, such as manganese
dioxide, copper, and silver. The partition 38

1s provided with nozzles 42 for operating a tur-

bine rotor 44 mounted on a sealed bearing 48
supported by a cylinder 48 carried by the hous-

ing 38 fherein, the latter of whlch is prowded_

with exhaust parts 39. |
The spring means 26 is disposed arou‘ld the

rod 22 in the cylinder 48, and acts between one

end of the cylinder, and a head or p1ston 53 at
one end of the rod for biasing the latter to the
position shown, correspondmg to the retracted

The other end of - '

may be moved axmlly by, but rotate reiatwe to'
the plunger | |

The rotor 44 carrles a, plate 54 mcludmg a .

stub shaft portion 56 journaled in a bearing 58

'1n a partition 69 of the housing 38 and having
pinion or sun gear 62 meshing with planet
gears 64 which mesh with rotatably yieldable

axially adjustable toothed discs of a torque

Jlimiting dise pack 66, the alternate. discs of which

are axially ad;ustably, but; non-rotatwely, held
to the housing 38.
adjusted relative to each other, as by a belle-
ville spring 67 and 2 ring nut 69. The rod 22
extends loosely through 2, bore in the portmn LiEe
and the gear 62. |

The planets 84 are journaled on a carrier 88
constituting part of the nut 14, which is journaled
In bearings 70 mounted in the housing 38.

The means 28 comprises a source 12 of pro-

66 pellant, such as hydrogen peroxide, communi-

The dlSCS of the pack 66 are
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cating through a pipe 74, a gear pump 16 and
“a pipe 18, with the cylinder 48.

The throttle means 34 comprises the piston
50 and an aperture 80 in the cylinder 48 having
a narrow slit portion 82 and a portion 84 diverg-
ing from the slit 82. In the inactive condition
of the system illustrated, the plunger %8 com-
pletely closes the aperfure 88, including the slit
82, to prevent communication between the In-
terior of the cylinder 48 and the chamber 40.

10

A motor 86 for driving the pump 76, is fed by con-~ -

ductors 88 from a source of energy 80 and con-
trolled by a switch 92, which, In thls instance
constitutes the starting switch.

In operation, with the parts of Figures 1 and 2
- in the positions shown, closing of the switch 92
energizes the motor 86 to operate the pump 70,
which causes propellant from the source 12 to

flow through the pipe 14 {0 the pump and from.
the latier under pressure through the pipe 18 to -

the cylinder 48.

The pressure of the propellant initiates move-
ment of the piston 50 fo the right from its re-
tracted position, as shown to initiate movement
of the rod 22, after which the piston opens the
slit 82 to, at first, admit reduced flow of propel-
lant to the chamber 40. ‘This action generates
enough steam pressure by the hydrogen peroxide
breaking up into oxygen and water in the form
of steam upon contact with the catalyst to ro-
tate the turbine slowly until the piston passes
the right-hand end of the slit 82 and starts to
effect gradually increased flow of the propellant
to the chamber 40 by reasons of the enlarged or
diverging portion 84 of the aperture 80. Con-
tinuation of the action, from the right end of
the slit 82, causes the member 10 to engage the
member {2 before the rotation of the member {0
attains a predetermined rate such that, if the
member 10 butts, instead of immediately mesh-
ing with the member 12, it will be turned to mesh-
ing position, and meshed under the continued
thrust by the piston 50.

Compressed air or other gas may be substi-
tuted for the propellant and catalyst arrange-
ment of Figure 1, each form having advantages
over the other, for certain apphcatzon&

As Indicated in Figure 4, the engine-engaging
spline member 10 of Figure 1 may be replaced
by a usual jaw 94 for meshing engagement with a
‘Jaw corresponding to the engine member 12.

The structure of Figure 3, in which certain
corresponding parts are designated by corre-
| Spondm'g reference characters having the suffix «,
is adapted to obtain results similar to those of
the structure of Figure 1 in general principle,
if not in scope, by electrical means.

As In Figure 1, the device of Figure 3, comprises
a rotatable engine-engaging member (0a adapted
for axial extension and retraction movements
respectively between a position released from
and & position meshed with an engine member
(not shown), corresponding to the member {2,
for starting the engine, 'The device further com-
prises an axially stationary rotatwe nut {4aq,
means including driving means {8a adapted to
rotate the nut {4a¢, a screw shaft element 20q
axially movable relative to,. and rotatively mov-
able by, the nut 14a associated with the engine-
engaging member i0qg for rotating the latter. A
meshing rod element 22¢ is adapted to move the
engine-engaging member 18¢ in its axial exten-
sion movement engaging it to the engine member.

Means including spring means 2% cooperates

with the meshing rod 22¢ fo oppose the move-

15

4

ment of the member {0a by the rod. Means 284
is also adapted to effect the movement of the ele-
ment 22¢ through the intermediary of a yield-
able medium which, in this case, is a spring 32
which is very much stiffer than spring means 264.

Means 34a corresponds to the throttle means
34 of Figures 1 and 2 in that it provides for first
initiating movement of the rod element 22a, and
following with rotative action of the engine-en-
gaging member (8a by the driving means {8a.
" The driving means {8q, of Figure 3, comprises
a motor 86 including an armature 98, correspond-
ing to the rotor 44 of Figure 1, a shaft 100 jour-
naled by a bearing 102 in a partition 60a of a
housing 38a and having a sun gear €24 meshing
with planet gears 64a. The latter mesh with ro-
tatably vieldable axially adjustable toothed discs
{ {2 of a torque-limiting disc pack 66a, the alter-

- nate discs {14 of which are axially adjustable but

- ring

30

non-rotatively held to the housing 38a, the discs

of the pack 66a also being adjusted relative to

each other, as by a belleville spring 61g and a

nut 69a. The rod 22a¢ extends loosely

through a bore lig in the shaft 1800 and the sun
gear 62a.

The planet gears Bda, are journaled, as by
bearings {16, on a carrier 68a constituting part
of the nut {4q, which is journaled in bearings
T0a mounted in the housing 384.

- The means 28q comprises a lever |18 pivotally
mounted relative toc the housing 38a, as by a pin
20, and having a short arm 122 and a long arm
124, the latter of which has an end {26 adapted

- to cooperate with g head (28 of the meshing rod

35

40

45

55

60

22¢ to push the latter fo the right against the
action of the spring 26¢.

The means 28¢ further comprises an electncal
unit (29 including g solenoid coil §30 surround-
ing a hollow armature core 132 carrying a
plunger (34 axially movable relative theretfo,
which plunger has a head 136 normally held
agalnst g seat 138 of the core by the yieldable
medium or spring 32, and which spring is backed
and held in place, as by a locking ring 140 in &
groove of the armature core 132. Downward
movement of the core {32, as shown, is limited
by stop means {42, A belleville spring {43, mov-
ably carried by the plunger 134, in this instance

constitutes a bridging contact member for sta-

tionary confact elements 144 adapted to be con-
nected in the ciréuit of the motor 96.

In operation, with the parts of Figure 3 in the
position shown, when the circuit of the solenoid
coil {30 is closed, the core 132 descends, carrying
the plunger 134 and the spring 32 with it, while
retained in the relative positions shown. If the
engine-engaging member (0 meshes immedi-
ately with the engine member, the action of
meshing will be carried straight through with
the plunger (34 and the spring 32 retained
throughout the action in the abovementioned
relative position during which the bridging con-
tact member 142 bridees the stationary contact

- member {44 to close the circuit of the motor 26.

70

However, when the member {0g butts the engine
member, the downward motion of the plunger
{34 stops, while the downward motion of the
solenoid core 132 continues against the action

of the spring 32 such that, when the contact
-member {42 bridges the stationary contact mem-
‘ber {44 to energize the motor 88, rotation of the
~armature 88 will cause nut 14a to rotate and

- thereby by means of the threaded engagement

thereof with screw shaft element 20a will cause
meshing of the member |0g with the engine mem-
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ber before the rotation of the member 10a attams
a predetermined rate of speed.

The structure of Figure 5, now the subJect
matter of divisional application Serial No.
167,778, filed June 13, 1950, in which certain cor-
responding parts are also designated by corre-
sponding reference characters having the suffix
b, is also adapted to obtain results similar to
those of the structures of Figures 1 and 3, in
general principle, if not in scope, by the use of
compressed gas and rotative driving means of
any desired character, such as the rotor of a
turbine or the armature of an electric motor.

2,548,268
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As in Figures 1 and 3, the device of Figure 5

comprises a rotatable engine-engaging member

- 18b adapted for axial extension from and a posi-

~ tion meshed with an engine member (not shown)

corresponding to the member 12, but of the jaw,
~ instead of the spline, type for st&rtmg the en-
gine. - The device further comprises an axially
stationary rotative nut {45, means including
driving means 18b adapted to rotate the nut {4b,

& screw shaft element 28b axially movable rela-

tive to, and rotatively movable by, the nut 14b
associated with the engine-engaging member {05
for rotating the latter. The screw shaft elemens
200, Instead of the rods 22 and 22a of Figures
1 and 3, respectively, or of the rod 225 of Figure

against the jaw by & spring 180 extending into
the screw shaft 20b. A nut 191 is mounted on the

- rod 220 at the left of the jaw 10b.

The screw shaft 20b is. lumted in 1ts axml
movement to the right, as viewed in the drawing,

by engagement with a dise 192 against the barrel

end wall 172 and, in its axial movement to the
left by a usual shoulder on the screw shaft 20b
with a shoulder on the spline nut 14b. A ring
seal structure 194, not germane to the present in-
vention, coopera,tes between a baffle portion I96
of the housing 38b and the jaw member {0b.

- The screw shaft 200, instead of being for ad-

vancement by rotation of the nut i{4b as in.a
‘usual direct-cranking

starter having f riction .
means adjacent to the seal I94 the latter of

' whieh is not true in this case, is adapted as by

20

seal rings 198 and 200 in grooves of the SCrew
shaft around the rod 226 and the shaft 20b, re-
spectively, for actmn as a piston responsive to

- fluid -pressure introduces into the chamber l64 |

9, is adapted to move the engine-engaging mem-

ber 10b in its axial extension movement engag-
ing it to the engine member. |

Means including spring means 265 cooperates
with the meshing rod 22 to oppose movement of
the member 106 by the screw shaft 20b. Means
280 is also adapted to effect the movement of the
screw shaft element 206 through the interme-
diary of a yieldable medium, which in this case is
compressed air.

Means 34b corresponds to the throttle means

34 of Figures 1 and 2, and the means 34a of Pig-
ure 3, in that it provides for first inifiating
movement of the screw shaft element 20b, in-
stead of the rod element 22b, and following
with rotative action of the engine-engaging
member 100 by the driving means 18b.

The driving means 18b, of Figure 5, comprises
-& plate 150 adapted for attachment to the rotor
of a turbine or other motor, and provided with
a female spline extension 152 adapted to receive
-a cooperating male spline shaft 134, journaled by
a bearing 156 in an end plate 158 of a housing
-38b. The plate 158 is held axially relative to
the shaft 154 between the bearing 156 and a nut
‘structure 160 in a cavity of the extension {52,

- A portion 162 of the housing 38b has a cham-

ber 164 in which is disposed a flange 166 of the

shaft 184 which is secured, as by a ring 168 and
‘screws 170, to a closed end wall 112 of a barrel
{74 journaled in the housmg pertlon I62 as hy
bearings 116.

~ The spline nut 14b, in the barrel (14, is con-
nected to the latter by a torque -11m1t1ng friction
disc pack 118 having interlayered discs fixed to
the nut {4t and the barrel 174, respectively, and

axially biased together, as by helical springs

{80 and a ring nut 182 threaded in the oppomte
end of the barrel 1714,
- The screw shaft 200, having long-—lead thread

‘relation to the nut {4b therein, has an axially

slidable spline connection 184 to the starter
-clutch jaw member 100.

The jaw 10b and the screw shaft 28b are con- '

'_'”nected by the meshing rod 22b havmg a head (86
-and extending through an aperture in the jaw
i0D, Whlch aperture is closed by a seal {88 biased

30

~ An inlet 202 admits fluid to the chamber 164

for passage, indicated by arrows, through pas-

sageways 204, 206 and 208, see lower central por-
tion of the figure, to the screw-shaft-piston 205.

The means 28b comprises an electrical Uunit;
210 corresponding to the unit 129 of Figure 3,

with the exception that a plunger 134b corre-

sponding to the plunger 134 of Figure 3, instead
of being adapted to push a lever, such as the
lever 118, has its lower end constructed as the
movable element of a valve 212 for controlling

~ the flow of fluid, such as compressed air, form a

40

70

inactive positions shown,

source 214 through a pipe 216, the valve 2I2 and |
a pipe 218 to the inlet 202. - |

Means 340 corresponds to the throttle means |
34 of Figures 1 and 2, and to the means 24qa, of

Pigure 3, in that it also provides for first initiat-

ing the axial extension movement of the screw
shaft element 209, during which, prior to rota-
tion of the shaft 154, the element 20b will rotate,
but not under the power of the shaft 194,

- A device 220 corresponds either to a motor such

~a$ the motor 86a, the motor 96, or as in this in-

stance, another electrical unit, such as a solenoid,
for starting a turbine, and is confrolled as by a
switech 920 relative to a source of electmmotwe
force 90b.

In operation, with thm pa,lts of F1gure 5. m the
when the switch 92b is
closed, current flows fmm one side of the source
900 through a conductor 222, the switch 82b, the
solenoid coil 130D, of the unit 219, and a conduc-
tor 224 fo the opposite side of the source 80b.
This action, first opens. the valve 212 to cause
flow of fiuid from the source 2i4 fthrough the

pipe 218, the valve 212 and the pipe 218 to the

inlet 202, and into the chamhber (64. From the
latter, the fluid flows, as indicated by arrows,

through the passageways 204, 286, and 208 to the

rear of the piston screw. sh&ft 20D, to advance the

~ latter to the left and to push the member 100,

through the intermediary of the spring means

188, into engagement with the engine member,

durmg which the shaft 20b will rotate in the sta-
tionary unit 14D to rotate the member 10b. The

timing of the opening of the valve 212 and the -

closing of the circuit of the device 280 is, in this

instance such that the shaft piston 28b will cause
the rotating member {8b to engage the engine

member before driving 0perat10n of the shaft [54.
‘Thus, the member 106 has a cbance to mesh be-
fore the a,pphcatmn of rot&twe power. If, how-
.ever, butt1ng should occur, meshmg will be in-

76 sured upon the first application of rotatlve driv-
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ing power, prior to the attainment of a cert&m
rate of speed by the member 10b. |
The timing aforesaid may be varied such that
power rotation may be applied upon, or at any
time before or after, engagement of the member
i0b with the engine member as desired or de-
pendent upon conditions of, or circumstances
surrounding, a particular case.
~Although each form of the invention, as staied
above, operates on substantially the same broad
general principle as the others, the differences
in scope or application allow wide divergencies of
application, manufacture, assembly, cost, size,
weight, materials, repair and almost every con-

- ceivable factor which may be assocmted there~

with.

For instance, the device of Figure 1 ma,y pm—-
vide substantially greater power for a given
weight than the device of Figures 3 and 5, thus
making it more effective for certain fbr"anﬁhes*o-f
aircraft practice, while the devices of Figures 3
and 5 may be betier suifed in other branches
from the standpoint of cost, replacement, repair
or other considerations.
has the advantage over the other forms of Im-
mediate utilization of standard parts of former
sta'rters not previcusly operable in the same man-
ner.

The invention therefor provides for a very
great range of its application and uses, and is an
improvement generally in its field.

Although only three embodiments of the in-
vention have been illustrated and described, vari-
ous changes in the form and relative arrange-
ments of the parts may be ma,de 10 smt require-
ments. -

What is clalmed is:

1. In an engine starting mechanism, the COIm-
bination of a rotatable engine-engaging member
adapted for axial extension and retraction move-
ments, respectwely, between a position released
from, and a position meshed with, an engine
member for starting the engine, an axially sta-
tionary rotative nut, means including fluid-re-
sponsive driving means adapted. to rotate the

nut, a screw shaft element axially movable rela- -

tive to, and rotatively movable by, the nut and
associated with the engine-engaging member for
rotating the latter, a meshing rod element, one
of said elements being operable by fluid pressure

to move said engine-engaging member in its said

axial extension movemeni{ engaging it to said
engine member, means including spring means
cooperating with said meshing rcd element tc
oppose said movement of the engine-engaging
member by said one element, a pressure chamber
containing a catalyst associated with said fluid-
responsive driving means, a source of propellant,
“means adapted to convey the propeliant under
pressure from said source to said one fiuid-pres-
sure operabie element for first operating the same
to initiate said extension movenrent, and a thmt—
tle device including means controlled by said oune

fuid-operable element to admit the propellant
to said chamber for reaction with the catalyst
effecting fluid pressure for causing rotative action
of said engaging member by said driving means

following the wltla,ulon of said extension move-

ment.

2. In an engine starting mechanism, the com-
bination of a rotatable engine-engaging member
adapted for axial extension and retraction move-
ments, respectively, between a position released
from, and a position meshed with, an engine
'member for startmg the engme an axially sta-

LLLLLL

The device of Figure o

10

8

tionary rotative nut, means inciuding fluid-re-
sponsive driving means adapted to rotate the nut,
a. screw shaft element axially movable relative
fo, and rotatively movable by, the nut and asso-
ciated with the engine-engaging member for ro-
tating the latter, a meshing rod element, one of
said elements being operable by fluid pressure to
move sald engine-engaging member in its saild
axial extension movement engaging it to said
engine member, means including spring means
cooperating with said meshing rod element to op-
pose said movement of the engine-engaging mem-

- ber by said one element, a steam pressure genera-

24

o5

34

35
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45

50
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60 m

85

70

75

tion chamber assocmted with said ﬂuld-respen-
sive driving means, s source of fluid pressure,
means adapted to convey fluid from said source to
said one fluid-pressure operable element for first
operatmg the same to Initiate said extension
movement, and a throttle device separate from
and including means controlled by said one fluid-
operable element to admit said fluid to said cham-—
ber for the generation of steam to cause rotative
a.ctlon of said engaging member by said driving
means following the 1mt1atmn of said extension
movemendt.

3. In an engine starting device, the combma-
tion of a rotatable engine-engaging member
adapted for axial extension and retraction move-
ments, respectively, between 2 position released
from, and a position meshed with, an engine ele-
ment for starting the engine, a meshing rod ele-
ment, fluid-actuated means adapted to actuate

said meshing rod element to effect said extension

movement, fuid-responsive rotatable means
adapted to rotate said engine-engaging member,
9, pressure chamber containing a catalyst associ-
ated with said fluid-responsive means, a source
of propellant, means adapted o convey propel-
lant from said sourece under pressure to said fuid-
actuated means for operating the same to effect
said extension movement, and throttle means
controlled by said fluid-actuated means to admit

‘the propellant to said chamber for reaction witn

the catalyst causing fluid pressure for operating
said fluid-responsive means.

4. ITn an engine starting mechanism, the com-
bination of a rotatable engine-engaging member

‘adapted for axial extension and retraction move-

ments, respectively, between a position released
from and position meshed with an engine element

‘for starting the engine, an axially stationary ro-
tative nut, driving means addapted to rotate the
nut, a screw shaft element axially movable rela-

tive to and rotatively movable by the nut andas-
sociated with the engine-engaging member for

rotating the lattér, a meshing rod element said
'__meshmg rod element being adapted to move said
fengme engaging member in its said axial exten-

sion movement engaging it to said engine ele-
ent, spring means cooperating with said mesh-
ing rod element to oppose said movement of the

‘engine-engaging member by said meshing rod

element; a first power means including a fluid
pump for supplying a fluid medium under pres-
sure to getuate said meshing rod element in op-
position to said spring means, a second independ-

‘ent power means including a steam generator
and a turbine driven by the steamn from said

generator to effect rotation of sald nut through
said driving means, and control means operated

by said firs{ power means for initiating opera-

tion of said second power means and mtatwe

‘action of said engine-engaging member by said

driving means following 1n1t13,tmn of the axial

extensmn mov ement of the engme-engagmg

s
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member by said first power means so that said
first and second power means coact to complete
meshing of the engine-engaging member with the
engine element.

9. In an engine sfarting mechanism, the com-
bination of a rotatable engine-engaging member
adapted for axial extension and retraction move-
ments, respectively, between a position released
from and a position meshed with an engine ele-
ment for starting the engine, an axially station-
ary rotative nut, driving means adapted to rotate
the nut, a screw shaft element axially movable
relative to and rotatively movable by the nut and
associated with the engine-engaging member for
rotating the latter, a meshing rod element, said
meshing rod element being adapted to move said
engine-engaging member in its said axial exten-
sion movement engaging it to said engine ele-
ment, spring means cooperating with said mesh-
ing rod element to oppose said movement of the
engine-engaging member by said meshing rod ele-
ment, a first power means including s source of
hydrogen peroxide, a fluid pump for supplying
said hydrogen peroxide under pressure from said
source to actuate said meshing rod element, a
second power means including a chamber for de-
composing the hydrogen peroxide to steam, a tur-
bine driven by the steam from the decoinposing
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chamber, and control means operated by Said_
first power means for initiating operation of said
second power means and rotative action of said

- engine-engaging member by said driving means
following initiation of the axial extension move-
‘ment of the engine-engaging membper by said first

power means so that said first and second power
means coact to complete meshing of the engine-
engaging member with the engine element, said
control means including a valve operated by said
meshing rod element to control the supply of hy-
drogen peroxide to said chamber from said pump.
CHARLES S. METSGER.
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