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This invention relates to fluid pressure turbines and
particularly to speed limiting arrangements for turbine
type starter motors for internal combustion power plants.

The invention may be used with turbine type starter
motors for gas turbine power plants and also for starting
reciprocating engines since either of these types of power
plants have moving parts of considerable mass and thus
require the expenditure of substantial amounts of energy
in order to effect starting. If, during the starting opera-
tion, the starter becomes disconnected from its load, as for
example, due to the power plant accelerating under its
own power rather early in the starting cycle, or due to
failure of the driving mechanism, it is necessary to pro-
vide quick acting means for preventing over speeding of
the turbine type starter to a dangerous degree. In prac-
tice, this is a very difficult problem to solve in view of the
fact that the physical proportions of the turbine type
starter are usually such that its rotating parts have very
little inertia. Furthermore, it is generally impractical to
provide these rotating parts of the starter with sufficient
inertia to prevent overspeeding of the starter, particularly
in the case of aircraft applications, since this would re-
quire more space and weight than is usually permissible.
Furthermore, with increased inertia in the starting motor,
the energy available for starting a given power plant would
be greatly reduced because a larger portion of this energy
would be required merely to accelerate the increased mass
of the starter rotor. Therefore, it will be apparent that
any device employed to prevent overspeeding of such a
turbine type starter must be capable of acting within a
very short time interval in view of the relatively low
inertia of the rotating parts of the starter motor. Accord-
ingly, it is an object of this invention to provide an im-
proved fuel feeding system which obviates the above-
mentioned difficulties. .

Another object of the invention is to provide an im-
proved fuel feeding system which will prevent turbine
type starting motors from reaching an unsafe speed, and
which is mechanically simple, quick acting, and light in
weight.

A further object of the invention is to provide an im-
proved fuel feeding system in which protection is provided
against excessive amounts of fuel being supplied to a tur-
bine type starter motor.

Still another object of the invention is in the provision
of an arrangement wherein a turbine type siarter is auto-
matically disconnected from a prime mover and the
energy supplied to the starting turbine is interrupted if
there is a tendency for power to be delivered from the
prime mover to the starter. Other objects and advan-
tages will be apparent from the following description
taken in connection with the accompanying drawing, in
which the single figure is a diagrammatic representation
of a turbine type starter motor provided with a fuel feed-
ing system in accordance with the invention.

Referring to the drawing, a gas turbine type starter is
indicated generally at 1. The starter comprises a turbine
section 2, a combustion chamber 3, and a clutch portion
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4. If desired, the turbine starter may be arranged to be
supported by the engine that it is to start with the pro-
vision of a mounting flange 5. The turbine delivers power
through reduction gearing (not shown) to the clutch 4
which is of the overriding or unidirectional type. The
driven side of the clutch is attached to a shaft member 6.
Shaft member 6 is provided with a splined portion 64 for
engaging an engine member (not shown) in driving
relation. ’

The term “overriding or unidirectional clutch means”
as used herein, is intended to mean any type of clutch
structure for the transmission of power in one direction
only. For example, clutch means 4 is intended to trans-
mit power from the turbine 2 to the driven member 6
which in turn will drive an engine to which the starter is
connected, but will not permit the transfer of power from
the engine through shaft member 6 to turbine 2. This is
accomplished in accordance with the invention by the
provision of a pressure actuated jaw type of clutch con-
nected in the manner to be described hereinafter, or, by
the provision of a well-known pawl type or sprag type of
clutch means. The details of a clutch of the pressure
actuated type are described with greater particularity in
Patent 2,488,540—Hollingsworth, and a clutch of the
sprag type is described with greater particularity in Fatent
2,473,250—Hoffman.

Motive fluid for driving the turbine is generated in the
combustion chamber 3 which delivers combustion prod-
ucts under pressure and at elevated temperatures to the
turbine portion 2. The combustion products are gener-
ated by burning fuel which has been mixed with a com-
bustion supporting fiuid such as air or oxygen. The air
or other combustion supporting fluid may be supplied by a
storage bottle 7 of a well-known type used for the storage
of air, oxygen, nitrogen, acetylene, or other fluids under
high pressures. Communication is established between
the fluid supply bottle 7 and combustion chamber 3 by the
provision of conduits 8, 8a.

The fluid storage bottle 7 can be of any practical size
and its pressure level need not be fixed to any particular
pressure value. Size and weight considerations and avail-
ability of bottles will determine the precise pressure level
to be used. However, since fluid supply bottles of the
type described are presently available for use at pressure
levels of the order of three thousand pounds Per square
inch, the fuel feeding system and its associated controls
are illustrated for use at such a pressure level. It is to be
understood, however, that the invention is not limited
thereto, and that the invention can be used at any desirsd
pressure level.

Control over the operation of the turbine type starter
1 is accomplished by the provision of a shut off valve 9
connected in series flow relation with conduit 8. As illus-
trated, shut off valve 9 is of a well-known type includ-
ing a solenoid 10 to open the valve in response to an
electrical voltage which may be applied to the solenoid
and also including means biasing the valve to closed po-
sition when no voltage is applied to solenoid 18. Addi-
tional control means 11 are also connected in series flow
relation with conduit 8 and shut off valve 9 at the down-
stream side thereof for reducing the pressure of the fluid
supplied to combustion chamber 3. As illustrated in the
drawings, the additional control means 11 is a constant
pressure regulator which may be of any well-known type
arranged to maintain the pressure at the downstream side
of regulator 11 at a constant value irrespective of varia-
tions in the fluid supply pressure of bottle 7. It will be
recognized that the supply pressure within bottle 7 will
vary over a considerable range as fiuid is drawn from
the bottle. However, the invention is not limited to the
use of regulating means 11 of the precise type described.

At the downstream side of regulating means 11, a
pressure relief valve 12 is provided to prevent excessive
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3.

pressures from ‘being ‘aftdinéd ih the fuel feeding system
at locations downstream from -the pressure -relief valve.

In order to provide means for supplying fuel under
pressure to the combustion chamber 3, a fuel chamber
device 13 is provided. The fuel- CHamber device 'is -es-
sontxally a well-known ‘type ‘of fluid accumulator ¢om-
prising an outer casing 14 haviig: pressure Hhd foél ports
15, 16 respectively. Otiter “casing T4 is “diviled into =
pressure receiving chatiiber 17 “and fide! ‘Chamber 18
which are separated by a cominbn ﬁex1b1e separatitig
wall 12. Communication ‘is established ‘between conduit
$ and chamber ‘17 by ‘the provision of ‘a branch conduit
20 connected to port 15. A one-way restnctor valve or
shuttle valve 21'is conreéted in “sériés fow relation “with
branch conduit 20 between" d:ondmt 8 did:pressure port
15 for a purpose to be explai e'd heremafter

Valve body 22 is provided ‘With ‘a’ ¢éiitral bore portion
23 within ‘which ‘is ‘$lidably "disposed “a ‘piston 24. A
biasing spring 25 is also prov1ded ‘within bore po‘tron
23 to urge piston 24 in “an upward’ du'ectxon Coax1a1
with bore portion 23 isa sécond bore portion 26in‘which
a second piston member 27 is‘sli'dz;‘bly disposed. ‘Spaced
annular recesses 28, 29 aie provided “at “the suiface of
bore portion 26. Receéss 29 comthunicates with “the “dt-
mosphere and with the under side of plston 24 by pas-
sageways 30, 31, respectively. ‘Recess 28 communicates
with the upper: s1de of piston 24'by connécting passage-
way 32. A passageway 33 extends diamettically across
smaller piston 27 and an axially extending passageway
34 establishes communication between the lower énd of
piston 27 and passageway 33. The uppér portlon of bore
23 communicateés with ‘an fnlet’ port ‘35 ‘and ‘the lower
portion of bore 26 cominunicates With an outlet port 36.

Passageway 33 is spaced from the lowér end portron
of piston 27 by dan amount correspondmg to the spacing
between recesses 28, 29. Likeéwise, the'location at which
passageway 32 communicates with the bore portion 23
is spaced in relation to"recesées 28, 29 so that piston 24
will isolate passageway 32 when’ ‘piston. 24 is moved up-
ward by an amount sufficiént to establish communica-
tion betwéen oiitlet port 36 and the afmosphere through
passageways 30, 33, and 34.

When main control valve 9 is’ open so that fluid pres-
sure is admitted to bore’ portlon 23 through conduits 8,
20, the pressure acting ‘against the upper face of piston
24 forces it downward against the action of-biasing spring
25 until piston 24 and plston 27 assume the:position indi-
cated in the drawmg In such’ posmon, it will-be.appar-
ent that valve 21 is open in the sense that.a restrlcted pas-
sageway is provided to “admiit “fluid” to chamber 17, the
restricted passageway being completed “from- inlet port
35, through bore portion 23, rpassageways 32—34 bore
portion 26, to discharge port 36. During normal opera-
tion, there is no flow of fluid.through conduit 20 and re-

strictor valve 21. The pressure acting -against the upper 5

face of piston 24 dlso’ acts in ‘the opposxte sense agamst
the face of piston 27. 'However, since. piston 27 is of
considerably sinaller cross -sectional area than that of
piston 24, there is always’ sufficient force acting against
piston 24 in a downward direction to cause.piston 24
and ‘piston 27 to move downward against the action -of
biasing spring 25. If for any reason there is a tendency
for a reverse flow of fluid to occur from chamber -17 up-
ward through valve 21 toward pressure regulator 11 and
relief valve 12, the pressire in- bore: portion 26-will be
greater than the pressure -acting against piston 24, at least
momientarily. It will be apparent to those : skllled in the
art-‘that, because of the fact that passageways 32—34
are restricted as compared to ‘conduit- 8a-and the flow
areas provided ‘in combustlon chamber - 3- and turbine
2, the pressure in conduit 8a will ‘drop at a faster rate
than the rate of pressure drop in chamber 17 after valve
9 'is closed. -Momentarily, therefore, -the pressure -in
chamber 17 ‘will exceed -the. pressure--acting *against the
upper face of piston:24,
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-accumulator 13 -serves ‘a triple -purpose.

4

An important feature of my invention is that the fluid
First, -it -pro-
vides a means for receiving fuel into the fuel feeding
system, secondly, it serves as a metering device in that
only a definite pre-established quantity of fuel can be
supplied to the combustion chambers each time the tur-
bine starter is operated, and thirdly, in combination with
the connection to storage bottle 7 it provides a means
for ‘supplying ‘fuel under pressure to the combustion
chamber 3. The fuel is conveyed from chamber 18 to
combustion ¢chamber $ by conduit 37. A check valve 38
is connected in series flow relation with conduit 37 to
prevent:flow from-combustion chamber 3 to fuel-chamber
18.

While a partictilar ‘type-of fluid ‘accumulator has been
illustrated and described it will be understood that the
invention is not necessarily limited theretto and that other
types of accumulators may be employed with equally
good results.

Tf a pressure actuated clutch of the type described in
the ‘above mentioned Hollingsworth “patent is employed,
a branch ‘conduit 85 ‘is provided ‘to supply fluid urder
pressure to'the clutch. Conduit 85 is connected ‘to con-
duit '8 at any- desu‘ed location on the downstream side of
control valve 9. ‘In this way, clutch 4 will be actuated
to engage shaft 6 in driving rélation ' when ‘fluid under
pressure‘is being supplied ‘to combustion chamber 3. At
the same timie, such an “arrangement provides an auto-
miatic safety feature in that'the clutch 4 will not engage
shaft'6 in driving relation when no'fluid is being supplied
to combustion chamber 3.

If a unidirectional clutch of the pawl or sprag type is
eémployed, conduit b is omitted. “When éither the pawl
or the sprag type of clutch is ‘employed, there can be'no
transfer of power from shaft6 to the turbine’ poition 2
undér "any normal operating condition, but power can be
transmitted in the opposite direction from turbine 2 fo
shaft 6. ,

- Another safety feature is in the provision of means'for
preventing dangerous overspeeding of the turbine'2. "This
is accomplished in accordance ‘with the invention by’ the
provision of ‘a switch 39. 'Switch ‘39 is of a wéll-known
type which -is normally closed and which is operable in
response “ to ‘rotational “spéed of the turbine 2'to open
switch contacts 40, ‘41 when the operating speed of the
turbire ‘reaches-a preselected value. In order to provide
manual control over the opération “of the tuibine 'type
starter 1, manually operable switches 42, 43 are provided.
Switchés 39, 42, ‘43, ‘and “solenoid ‘10 "are ‘Connécted in
series electrically ‘to terminals 44, ‘45 which ate adapted
to ‘receive 'an “electrical voltage. The 'méans for supply-
ing voltage to términals 44 and ‘45 forms po part of the
present 1nvent10n, ‘but for the purposes “of. illustiation is

Sw1tches 39 ‘and 42 are ‘of the normally closed type.
Switch 43 ‘is of the’ normally‘ open type-and, in addition,
is of ‘the’ type ‘having a holding coil 47 for maintaining
the switch in the closed position once it has been-actuated
by the operator. In addition, switch 43 is-of the type
having spring ‘48 biasing switch 43 to its open position,
and switch 42 is of the type having a spring 49 biasing
switch 42 to its closed position.

‘Assaming that fluid supply bottle 7 has  been charged
with combustion supporting fluid-and that a charge of
fluid fuel has been placed in fuel chamber 18, in order
to put the fuel feeding system into operatlon ‘the opetator
manually closes switch 43. ~Since this: switch is provided
with ‘holding coil 47 the voltage siipplied to terminals 44,
45- Energrzes -coil-47-and solenoid ‘10 so”that switch 43
reémains ‘in ‘its closed’ posrtron and main tontrol valve ‘9
is-caused-to ‘open’ and remain’open by virtue ‘of solenoid
10-being energized. - Gombustion -supporting fluid’flows
from supply bottle*7-thioughconduits*8,°8a, 'main-control
valve 9 :and regulatiig‘medns 11 to-comibustion thamber
3. -iSince the fluid-acetimulator 13-is: eotinected to' conduit
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8 by conduit 20, fluid pressure is admitted fo pressure

chamber 17 thereby causing the fuel charge in chamber"

18 to be forced through check valve 38 and conduit 37
to combustion chamber 3. The combustion supporting
fluid from conduit 8 and the fuel from conduit 37 are
mixed and burned in combustion chamber 3 to provide
motive fluid for driving the turbine 2. ‘When main con-
trol valve 9 is in the open position, fluid under pressure
is supplied to pressure actuated clutch 4 through conduit
8b so that turbine 2 and shaft 6 are connected in driving
relation. If a clutch of the pawl or sprag type is em-
ployed, turbine 2 and shaft 6 will be connected in driving
relation as long as sufficient energy is being delivered to
the turbine so that there is a tendency for emergy to be
transferred from the turbine 2 to driven shaft 6. If, for
any reason, there is a tendency for energy to be trans-
ferred in a reverse direction, that is, from shaft 6 to the
turbine portion 2, these elements become disconnected
from driving relation and clutch 4 will slip.

In the event that an excess amount of energy is sup-
plied to the turbine for any given operating condition,
turbine overspeeding is prevented since speed responsive
switch 39 will open contacts 40, 41 and thus deenergize
solenoid 10 at some preselected operating speed of the
turbine. When solenoid 10 is deenergized the main con-
trol valve 9 will quickly return to its closed position under
the influence of its biasing means (not shown). In addi-
tion, the operator can discontinue the operation of the
starter 1 before turbine 2 has reached amy dangerous
overspeed condition by merely opening switch 42. By
opening switch 42 solenoid 10 and holding coil 47 are
deenergized thereby causing main control valve 9 to close
under the action of its biasing means, and switch 43 to
open and remain open under the action of biasing spring
48.

Under certain operating conditions, there may be a
tendency for a backward flow of fluid through conduits 37
and 20. Such backward flow is prevented by check valve
38 and valve 21, respectively. In addition to operating
somewhat in the manner of a check valve, the one-way
restrictor valve 21 also operates to establish communica-
tion between chamber 17 and the atmosphere when fluid
pressure is removed from the upstream side of the valve.
Check valve 38 is of the type wherein the valve is provided
with relatively strong biasing means urging the valve to
its closed position so as to prevent fuel in chamber 18,
cenduit 51 at the downstream side of valve 52, and in
conduit 37 between valve 38 and port 16 from passing
through check valve 38 into chamber 3 due to the weight
of such fuel during pericds when valve 9 is closed. Such
arrangement permits fuel chamber 18 to be filled with
a fresh charge from a fuel reservoir 56 through conduit
51 by gravity action by opening valve 52 during periods
when the starter turbine 1 is not in operation thereby
avoiding the necessity for heavy, complicated, and expen-
sive high-pressure fuel pumping means. After fuel
chamber 18 has been filled, valve 52 is again closed so
that only a “metered” amount of fuel is admitted to the
starter turbine during its operation.

While a particular embodiment of the invention has
been illustrated and described it will be obvious to those
skilled in the art that varicus changes and modifications
may be made without departing from the invention, and
it is intended to cover in the appended claims all such
changes and modifications that come within the true spirit
and scope of the invention.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. In a fluid feeding system, the combination compris-
ing means for supplying fluid under pressure, a turbine
power plant including a combustion chamber and a tur-
bine, a pair of terminals adapted to receive electrical volt-
age, normally closed speed responsive switch means in-
cluding means rotated by said turbine and operable to
open at a preselected operating speed of said turbine,
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first conduit means including normally closed electrically
actuated valve means connecting said supply means to
said combustion chamber, means including normally open
switch means for energizing said valve means, and means
connecting the normally open and the normally closed
switch means and said valve means electrically in series
with said ferminals, whereby said speed responsive switch
means open at said preselected operating speed of said
turbine to de-energize said valve means and interrupt the
supply of fluid in the combustion chamber, and clutch
means incladed in said turbine, said clutch means oper-
able in response to fluid pressure to engage a member in
driving relation, and second conduit means connecting said
clutch means to the first conduit means at a location be-
tween said valve means and said combustion chamber,
whereby said clutch is engaged when fluid is being sup-
plied to the combustion chamber and is disengaged when
the supply of fluid is interrupted.

2. In a fluid feeding system, the combination compris-
ing means for supplying fluid under pressure, a turbine
power plant including a combustion chamber and a tur-
bine, a pair of terminals adapted to receive an electrical
voltage, normally closed speed responsive switch means
including means rotated by said turbine operable to open
at a preselected operating speed of said turbine, conduit
means including normally closed electrically actuated
valve means connecting said supply means to said com-
bustion chamber, means including normally open switch
means for energizing said valve means, and means con-
necting the normally open and the normally closed switch
means and said valve means electrically in series with
said terminals, whereby said speed responsive switch
means opens at said preselected operating speed of said
turbine to de-emergize said valve means and interrupt
the supply of fluid to the combustion chamer, an accumu-
later having a pressure receiving chamber and a fuel cham-
ber with a movable wall between said chambers, second
conduit means connecting the fuel chamber to the com-
bustion chamber, means for supplying fuel to said fuel
chamber, and third conduit means connecting the pressure
receiving chamber to the first conduit means at the down-
stream side of the electrically actuated valve means.

3. In a fluid feeding system, the combination compris-
ing means for supplying combustion supporting fluid un-
der pressure, a turbine power plant including a combustion
chamber and a turbine having clutch means operable in
response to fluid pressure to engage a member in driving
relation, first conduit means including normally closed
voltage responsive valve means connecting said supply
means to said combustion chamber, an accumulator hav-
ing a pressure receiving chamber and a fuel chamber with
a movable wall between said chambers, second conduit
means connecting the fuel chamber to the combustion
chamber, means for supplying a preselected amount of
fuel to the fuel chamber, third conduit means connecting
the pressure receiving chamber to the first conduit means
at a location between said valve means and said combus-
tion chamber, fourth conduit means connecting said clutch
means to the first conduit means at a location between
said valve means and said combustion chamber, a pair
of terminals adapfed to receive an electrical voltage, nor-
mally closed speed responsive switch means operable to
open at a preselected operating speed of said turbine,
means including normally open switch means for energiz-
ing the valve means, and means electrically connecting
said valve means and said switch means in series with
said terminals, whereby fluid under pressure and a pre-
selected amount of fuel are supplied to the combustion
chamber and the clutch means is engaged when said valve
means is energized and the supply of fluid is interrupted
and the clutch is disengaged at a preselected operating
speed of the turbine.

4. A fuel feeding system comprising means for supply-
ing combustion supporting fluid under pressure, walls
defining a combustion chamber, first conduit means in-
cluding a valve connecting said supply means to said
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reaction .chamber, .an -accumulator having a pressure
chamber -and a.fuel chamber with.a movable -wall there-
between -and having.a pressure .port .communicating with
the pressure chamber and a fuel port-communicating with
the fuel chamber, second .conduit means connecting said
fuel port to said combustion chamber, accumulator .dis-
charging means including third .conduit means-connecting
said.pressure port to said first conduit means at the down-
stream - side -of said valve, and means -for charging said
fuel chamber with a predetermin:d -quantity of a second
fluid when said valve is in a closed position whereby fuel
and combustion supporting fluids -are supplied -to 'said
combustion chamber -when said valve is in .an open.posi-
tion.

5. Apparatus in accordance with claim 4 wherein said
third conduit means includes means -establishing com-
munication between said -pressure port and the first cen-
duif means at a location between said combusticn chamber
and said valve when the pressure at said location is at
least -equal to the pressure -in said third conduit means
and for interrupting said communication -and -establish-
ing communication between said -pressure :port and the
atmosphere when the pressure -at said pressure port ex-
ceeds the pressure-in said first-conduit means.

6. A fluid feeding system -comprising means for sup-
plying a first fluid under pressure, walls-defining a first
chamber wherein said first fluid chemically unites with
a second fluid in an exothermal reaction, first .conduit
means including a valve connecting said supply means to
said first chamber, an accumulator having a second cham-
her and a third chamber with a movable wall therebetween
and-having a pressure port communicating with said sec-
.nd-chamber, and a second port communicating with said
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third chamber,.second conduit.means connecting said sec-
ond .port to said first chamber, accumulator discharging
means :including ‘third conduit means connecting said
pressure .port -to said first conduit means at:the down-
stream side of .said valve and means for .charging said
third .chamber with a.predetermined quantity .of said sec-
ond 'ﬂuid when said valve is in a closed position whereby
said first.and second fluids are supplied:to said first cham-
ber:when said .valve is in an open position.

7..Apparatus in.accordance with claim 6 wherein said
third conduit means includes means establishing com-
munication :between said :pressure port and the first con-
duit:means at a.location -between said first chamber and
said valve when the pressure at said location is at-least
equal:to the.pressure in said third conduit means and for
interrupting .said communication and establishing com-
munication between-said pressure.port and the atmosphere
when the pressure.at said.pressure.port exceeds the pres-
sure in said first.conduit means.
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