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United States Patent Office

- 2,953, 127
" FLUID PRESSURE ENGINE STARTING SYSTEM

Donald W. Adams, Maple Helghts, and Gerhard K.
- Weber, Bay Village, Ohio, assignors to Genera! Mo-

~ tors Corporation, Detroit, Mich., a corporaticn of
Delaware | | -

Filed Apr. 8, 19-59-, Ser. No. 804,946
3 Claims. (CI. 123—179)

- This invention relates generally to a fluid pressure
actuating system, and more particularly to an engine
starting system for an internal combustion engine includ-
ing a iluid pressure operated starting device which is
mounted on and adapted to selectively drive an internal
combustion engine during its startmg phase of operation.

Fluid pressure operated engine starting devices of the
above-mentioned type generally include a fluid pressure
motor and means for establishing a driving connection
between the fluid pressure starting motor and the fly-
wheel ring gear of the associated engine. - The driving
connection between the motor and the engine may be
such as to provide a continuous solid drive between
the two units. To prevent engine driving of the start-
ing motor during normal engine operation, however, a
drive establishing means is generally provided which is
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operable to selectively engage and disengage the driv- -

ing connection. Such drive establishing means generally
comprises a clutch and/or a pinion gear which may be
shifted axially into driving engagement with the flywheel
ring gear of the associated engine. Drive establishing
actuation of the clutch or shifting of the pinion gear
may be effected manually or automatically by initial
rotation of the starting motor or by fluid pressure means
responsive to the supply of pressurized fluid to the start-
ing motor. With fluid pressure engine starting devices
having either continuous or selective drive means, the
1mtial static frictional and inertial loads of the engine
subject the starting drive comnection and fluid pressure
starting motor to extreme load conditions. In installa-
tions provided with selective drive establishing means,
further destructive load conditions may be imposed on
the starter drive and motor where the driving connection
is not fully established prior to the full application of
the supplied fluid pressure to the starting motor such as
occurs due to improper clutch or gear tooth engagement.

The invention contemplates an improved fluid pressure
engme starting system including remote control valve
mechanism operable to first provide a restricted flow of
actuating pressure to the starter motor for the purpose
of establishing a proper driving connection between the
starter device and the engine where selective drive means
is provided, to initially impose the static frictional and
inertial loading of the engine on the starter drive and
motor under relatively low speed and torque conditions
and to thereafter provide for substantially unrestricted
flow of pressurized fluid to the starter motor through

the operation of a tune delayed, pilot ﬁperated main con-
trol valve.

The foregoing and other objects, features and advan-
tages of the invention W]Jl become apparent from the
fo]lomng detailed description of a preferred embodiment
thereof in which refereuce 1s made to the attached draw-
ings, in Wthh |

Figure 1 is a dlagrammatlc view of a pneumatic en-

_gme starting system embodying the invention;
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Figure 2 is an enlarged detail sectional view of the
time delayed, pilot operated control valve; |

Figure 3 is a sectional view taken substantially in the
plane of the line 3—3 in Figure 2; and

Figures 4 and 5 are sectional views showmg dlﬁerent
operatwe posﬂmns of the remote control valve mecha-
nism. |

Referring more particularly to Figure 1 of the draw-
ings, the outline of an internal combustion engine is in-
dicated at 10. An engine starting air motor 12 is
mounted to one side of the engine fiywheel housing 11
and 1is preferably drivingly connectable to the engine
flywheel ring gear (not. shown) by a suitable drive es-
tablishing means 13. The air motor 12 is provided with
an exhaust vent to atmosphere indicated at 14 and is con-
nectable through a main conduit 15, 15’ to a suitable
supply of high pressure air, such as an air pump charged
reservoir. A main control valve 16 is interposed between
main conduit portions 15 and 15’ and serves to control
the flow of pressurized air to the starter motor through
the main conduit. Operation of the main control valve
16 1s reponsive to a pilot pressure signal which is sup-
plied thereto through a time delay metering valve 17.
The main valve actuating pilot signal is supplied to the
time delay metering valve through a branch line or con-
duit 18 which intersects a conduit portion 19 of a con-
duit 19, 19" and 19’". The conduit 19, 19’ and 19" is
of restricted size and bypasses the main control valve
The flow of fluid pressure thmugh the bypass conduit
19, 19’ and 19" is controlled by a three-way, open-end
veni valve 20 which may be mounted directly on the
engine or may be located in a remote engine control
station. Where the valve 26 is mounted directly on the
engine, as shown, it may be manually operated locally
or may be operated remotely through suitable control
linkages or cables, not shown. A check valve 21
mounted intermediate the conduit portions 19’ and 19"
prevents reverse air flow from the air motor and main
conduit portion IS5 toward the valve 20 and the pilot
control branch conduit 18. |

As best seen in Figure 2, the main oo-ntml valve 16
comprises a valve body 22 which defines an inlet cham-
ber 23 connected to the main air supply conduit portion
15" and an outlet chamber 24 connected to the main
conduit portion 15 leading to the starter motor. A par-
tition web 25 separates the inlet and outlet chambers
23 and 24 and has a port 26 extending therethrough.
Fluid flow through the port 26 is controlled by a pop-
pet valve member 27. The head portion 28 of the
valve 27 is normally biased toward port sealing engage-
ment with the web 25 by a spring 29 which is compres-
sively interposed between the valve head 28 and a spring
seatmg closure cap 30. The cap 30 is threadably mounted
in a bore tapped in the valve body in axial alisnment
with the valve controlled port 26. A valve actuating
piston 31 of stepped diameter is threadably mounted on
the upper end of the valve stem of the poppet valve
member 27 which extends axially from the valve head
through the port 26 and through the outlet chamber 24.
The stepped diameter land surfaces of the valve actuat-
ing piston 31 are slidably mounted and ‘O-ring sealed
with respect to a bore and counterbore 32 and 33, respec-
tively, formed in the valve body 22 in axial ahgnment
with the valve port 26.

The time delay metenng valve 17 is combined Wlth a
check valve return bypass and comprises a valve body
member 34 which is secured to the main valve body 22,
being sealed with respect thereto by an mte:rposed gasket
35. The metering valve body member is recessed at 36
and defines an expansible valve actuating chamber 36

with the valve actuating piston 31. A drilled inlet pas-
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~bore 42 which intersects and extends between the drilled
| _-mlet passage portions 37, 37" and. the expanslble cham- -

" ber recess 36. This bore mounts a préssure return bypass

- check .valve assembly 44. . This check valve assembly

-_—

o

.-sage mdlcated at 37 37’ 1S cenneeted to- the pllet pressure' -
‘supply conduit 18. A second drilled bore 38, 38" inter-
- sects and extends between the inlet passage portion 37"
~ and the expansible chamber. recess 36’.
‘and orifice defining sleeve 39 is mounted in the bore por-

tion 38’ by a suitable press fit. The flow: of pressunzed

The time. and flow

member 40 is maintained by a lock nut 41.

= 2’59._535127_- |

A valve. seatffj

 fluid through the orifice sleeve 39 and thereby ‘the timing |
- of main valve actuation is controlled by a needle valve
.~ ‘member 40 which is threadably ad]ustable and ~O-ring

S sealed with respect to the bore 38.
‘regulating orifice size adjustment of the needle Valve
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- posite end of the valve member is broﬁght into pressure

sealing engagement with the end seal ring 62 and the re-
duced diameter land 69 serves to interconnect the pres-

sure inlet and outlet chamber 60 and 61. This position
- of the pilot control valve plunger thus ‘permits the flow

of the supplied pressurized air through the conduit por-

tions 19, 19’ and 197 ‘and the valves 20 and 21, as
restricted by the size and. length of the several conduit

portions, to the engme starting air moter Th.lS restrlcted
flow of pressurrzed air to-the air motor 12 serves to effect

~clutch engagement and/or -pinion shifting into rmg gear-'

 engagement, where such selective drive estabhshmg means

R The valve body 34 is prevlded w1th a Secc}nd larger -__ are provided, and to subject the starter motor to the static

- frictional and inertial resistance of the engine under rela-

15

'compnses a spool-shaped hedy member 45 having two . -

 reduced diameter lands 46, 47 which mate with the inlet
passage 37, 37" and the expanslble chamber. recess 36,

| The end and intermediate: large diameter
" land portions are O-ring sealed with respect to the bore

respectively.

20

tively low speed, torque load conditions. The restriction
of the conduit portions 19; 19’ and 19" is preferably suf- -

ficient to prevent any h1gh speed high- torque cranking -
- of the engine. -'

As indicated abeve the cendmt restncted ﬂew ef pres-
surlzed fluid through the pilot control valve 20 is de-
layed in its application to the expan31ble actuating chamber

36 by the setting of the needle valve 40. - This introduces

e 42. The spool body member is provided with a central

"I'--'-bore

o 'bore 48 terminating at one end in radial ports 49 leading
- to the expanszble chamber 36. The opposite end of the 2_5

. “spool member is counterbored as indicated at 50 to pro-.

- vide shoulder embracing the bore 48 and supporting an

- annular valve seat member 51. _Fluid flow through the

_ bore 48 is controlled by a ball check valve member 52.

-~ The ball valve member 52 is biased toward seatmg en-

gagement with the valve seat member 51 by a spring 53

~ which is compressively mterpesed between. the ball mem-

- ber and a check valve retaining cap 54.. The cap 54.is - -

secured by press fitting it into the spool counterbore 50 .

and cooperates with the valve body spool 45 to define a

~ check valve and spring mounting chamber 55. Radial
~  ports 56 connect the chamber 55 to the pressure inlet
 chamber which is defined by the reduced diameter land -
- 46 and the spool mounting bore 42 and further inter-
connects the inlet passage portions 37, 37,

a time delay in the actuation of the main valve 27 by the

-piston 31 untiil after estabhshment of . the drmng con-

nection between the starting motor and engine leadlng of
the starter motor has occurred. - Upon opening of the
pilot operated main valve 16, the substantlally unrestricted

- flow of pressurized air to -the starter motor will be suf-

. ficient to crank the engine at-an engine starting speed.

30

After engme startmg has been ‘accomplished and the
pilot .valve is released, ‘the pﬂet valve plunger is’ blased

‘to its venting position shown in Figure 4 -by the return

spring 71 thus venting the . conduits 19’ and 18 and the
valve actuating. expansrble chamber 36.." This venting of

the expansible chamber 36 occurs rapidly through’the
| metermg bypass cheek valve 44 and permits return of the
‘main control valve 27 to its closed position therehy condi-

tioning the engme startmg system for the next engme

- starting sequence.

As shown in Figures 4 and 5, the three-aray, open. end

vent valve 20 comprises a valve body 58 having a central

chambers opening in axially spaeed relation on the central

tained in axially spaced sealmg relation within the central

~ bore 59. The end seal rings 62 and 64, respeetlvely,
_abut two bushin gs- 65 and -66 which threadably engage
the valve body adjacent the ends of the central bore 59.

A perferated spacer sleeve 67 is. mterpesed between the

o valve return bypass check valve 44,

: the control valve the supply pressure appliéd to the pilot
- valve and the inlet port intermediate thé seals 63 and 64

| aets to insure sealing engagement between these seals and
the ad]acent Iarge dlameter land 74 of ‘the. valve mem-—-

" "_:'-ber 70.

- seal rings 62 and 63 and a helical spacer spring 68 is com-
‘pressively interposed between the seal rings 63 and 64.
A spool-type valve plunger 70 is reciprocably and sealably

bore 59 extending therethrough. The valve body is re-
cessed at 60. and 61 to define pressure inlét and outlet -

Three resilient seal rings 62,:63 and 64 are main-

50

While the foregoing. descrlptrea and ﬁgures have heeﬂ |
confined - to one embodiment of the- invention, it- will be
apparent to those skilled in the art that numerous modi-

fications may be made without departing from the spirit

45 and scope. thereof, as. deﬁned in the fellewmg eIarms -

We claim:. o | | | N o
1. Aniengine startmg system fer an mternal eernbustren
engine including fluid motor means. energmable to es-

- - tablish a driving connection with the engine, means for

supplymg pressur]zed ﬁmd to-said motor: means includ-

' ing a first conduit means; -a. first valve means operable to

~ control the flow of pressurized fluid:through  said first

55

mounted by the bushings 65 -and 66 and then seal rings

~ to the pesmon shown in Figure 4 by a valve return spring -~

- 71 which is eompresswely interposed between bushmg 65

- and an annular spring seat member 72 secured to the
- end of the valve plunger by bolt 73. Tn this position, the
reduced diameter land 69 formed intermediate the ends

~ of the valve member is spaeedly embraced by the seal
62 and the bushing 65 and serves to Vent-the conduit

| porrtren 19’ to atmosphere with consequent venting-of the

62, 63 and 64. The valve member 70 is normally biased

conduit means and including a first valve member- mov-
- able between a closed position preventmg ﬂmd flow
through said first conduit means and an opened. position

perm1tt1ng fluid flow through said- ﬁrst conduit means,

Spring means normally biasing. said valve member toward

- its closed position, and expansible chamber means as-

'60_ ‘valve member to its .opened position, -a- second conduit
“means bypassing said first valve means and :of :a

sociated with said valve member and- eperable in re-
sponse- to fluid. pressure applied. thereto to -actuate said

sv:e fo -

- provide restricted flow of pressurized fluid - from said

65

main valve actuating chamber 36 through the metering

“Upon actuatlen of the valve member 7 0 by a. smtahle

In. this position of

70 -

- pressurized fluid supply means to said fluid motor means,

a.-second valve means-operable to control the flow of . '

pressurized fluid thmugh said second conduit means and
- including: a- second valve member - mevable ‘between a
- first position wherein- restricted flow of - pressunzed fuid
~ to said motor means is perrmtted and a second pesmon

wherein pressunzed fluid flow: to said’ meter ‘through
said second eondmt means is . prevented a -first check

| _.Valve means in said second condult means mtermedlate |

control knob or linkage connected thereto, as partially
shown at 75 the large dlameter Iand 76 ad]acent the op-

75

said second valve means and said motor means for pre—
venting reverse fluid flow :in_said second cendmt means
toward said second valve means fmm sald meter mea:ns
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and said first conduit means, said second valve means
being operable when said second valve member is in its
second position to vent pressurized fluid from said second
conduit means intermediate said second control valve
means and said first check valve means, a branch con-
duit means interconnecting said expansible chamber means
of said first valve to said second conduit means inter-
mediate said second control valve means and said first
check valve means, a metering valve means operable to
restrict the flow of pressurized fluid in said branch con-
duit means to said expansible chamber means to delay
actuation of said first valve member to its opened posi-
tion, and a second check valve means bypassing said
metering valve means and operable to permit unrestricted
venting of said expansible chamber upon movement of
said second valve member to its vent position.

2. A fluid pressure engine starting system for an inter-
nal combustion engine including fiuid motor, means for
establishing a driving connection between said motor
and the engine, a source of pressurized fluid, means for
supplying pressurized fluid from said source to said fluid
motor including a first conduit means, a first valve means
operable to control the flow of pressurized fluid through
said first conduit means ;and including a first valve mem-
ber movable between a closed position preventing fluid
flow through said first conduit means and an opened
position permitting fluid fiow through said first conduit
means, spring means normally biasing said valve mem-
ber toward -its closed position, and expansible chamber
means associated with said valve member and operable
in response to fluid pressure applied thereto to actuate
said valve member to its opened position, a second means
for supplying pressurized fiuid from said source to said
fluid motor including a second conduit means of a size
to permit only restricted flow of pressurized fluid from
said pressurized fluid supply means to said fluid motor,
a second valve means operable to control the flow of pres-
surized fluid through said second conduit means and in-
cluding a second valve member movable between a first
position wherein restricied flow of pressurized fluid to
said fiuid motor is permitted and a second position where-
in pressurized fluid flow to said fluid motor through said
second conduit means is prevented, a first check valve
means in said second conduit means intermediate said
second valve means and said fluid motor for preventing
reverse fluid flow in said second conduit toward said pilot
valve from said fluid motor and said first conduit means,
said second valve means being operable when said sec-
ond valve member is in its second position to vent said
second conduit means intermediate said second control
valve means and said first check valve means, a branch
conduit means interconnecting said expansible chamber
means of said first valve means to said second conduit
means intermediate said second control valve means and
said first check valve means, and fiow control valve means
operable to restrict the flow of pressurized fluid through
said branch conduit means to said expansible chamber
means to delay actuation of said first valve member to
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its opened position and to permit unrestricted venting of
said expansible chamber upon movement of said sec-
ond valve member to its vent position.

3. A pneumatic engine starting system for an internal
combustion engine including an air motor, means ener-
gizable to establish a driving commection between said
motor and engine, a source of pressurized air, a first
means for supplying pressurized air from said source to
said air motor including a first conduit means, a first
valve means operable to control the flow of pressurized
air through said first conduit means and including a
first valve member movable between a closed position pre-
venting air flow through said first conduit means and an
opened position permitting air flow through said first
conduit meauns, spring means normally biasing said valve
member toward its closed position, and an expansible
chamber means associated with said valve member and
operable in response to air pressure applied thereto to
actuate said valve member to its opened position, a
second means for supplying pressurized air from said
source to said air motor including a second conduit means
of a size to provide restricted flow of pressurized air from
said source io said air motor, a second valve means

[

operable to control the flow of pressurized air through

said second conduit means and including a second valve
member movable between a first position wherein re-
stricted flow of pressurized air to said air motor is per-
mitted and a second position wherein pressurized air
flow to said motor through said second conduit means is
prevented, a first check valve means in said second con-
duit means intermediate said second valve means and
said air motor for preventing reverse air flow in said sec-
ond conduit means toward said second valve means from
said air motor, said second valve means being operable
when said second valve member is in its second position
to vent said second conduit means intermediate said
second control valve means and said first check valve
means to atmosphere, a branch conduit means intercon-
necting said expansible chamber means of said first
valve to said second conduit means intermediate said
second control valve means and said first check valve
means, a metering valve means operable to restrict the
flow of pressurized air through. said branch conduit means
to said expansible chamber means to delay actuation of
said first valve member to its opened position, and check
valve means bypassing said metering valve means and
operable to permit unrestricted venting of said expansible
chamber upon movement of said second valve member to
its vent position.

References Cited in the file of this patent
UNITED STATES PATENTS

2,434,549 Cumming e _ Jan. 13, 1948
2,449,889 Eisen o Sept. 21, 1948
2,618,292 RiNE oo Nov. 18, 1952
2,802,452 Hogeman .o ___._ Aug. 13, 1957
2,847,984 Gallant oo Aug. 19, 1958



	Drawings
	Front Page
	Specification
	Claims

