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3 Claims.
A

This invention consists in.a.fuel. supply system
for-an aircraft internal combustion turbme power
unit in-which a control member responsxve to.con~
trollable var1able~speed motor means-but, totally
unresponsive to-ambient. conchtlons, such as pres-
sure changes due to altltude differences, and a
follower -member respons1ve to. engine, speed a.re
s0- associated with .one. another and w1th means
by which fuel is supphed to- the engine, at a.vari-
able.rate, that when-either of said: members tends
t0.lag behind or: over-ride. the movement of the
other, the rate of fuel supply is correspondmgly
varied .to causé ‘the engine . to0.assune .a speed
dictated by the speed of said;motor means.

If the operstor.wishes, to. speed up the engine
he will move. his.lever.or.other. actua.tor to. sélec~
tively increase: the speed of. ‘the varlable-speed
motor means. -This will.cause the eontrol mem-
ber to-tend to. over-ride .the follower member
with the result that-the rate- of fuel. supply w1ll
be inc¢reased, which will increase the speed of the
engine until the follower.member. is in synchro-
nism with the control member at the selected in-
creased. speed. . If, .on.the: ‘other. hand the oper-
ator wishes. to.slow .down the engine he will slow
down the variable-speed.moter means; whwh w1ll
cause the control-member to, tend ‘to lag behxnd
the follower member:angd so bring. about & reduc-
tion in the rate of fuel supply.and hence a.cor-
responding . reduction. in the engine. speed “In
other . circumstances, assuming ‘the operator
wishes the’ engine -to continue 1o operate at. a
selected speed, it may be.(and, is’ the case’ in a.ir-
¢raft internal combustion turbine . power units)
that the engine fuel requlrements 4t the selected
speed may vary owing, for example, to. vanatlon
in altitude or ambient temperature. In_ such an
event the unaltered rate of fuel supply will, with
the changing conditions, cause the ‘engine speed
to increase or decrease as'the case may be. ~This,
according to the present invention, will ‘redct
through the control 'and follower . members “to
bring about the app_ropriate varlati_on» in the vr_ate
of fuel supply until‘the engine is running at'the
selected -speed but in the changed . cond1t1ons
From the above it will be seen that any’ position
of the operator’s lever or other actuator W111 cor-
respond to a definite’R.' P, M, of the’ engine 1rre-
spective of influences such ds changes in alt1tude
or ambient temperature which tend to; alter the
engine speed.

The control'and follower members may directly
operate means for metering the fuel flow, whether
in ‘a delivery line or in a spill return line,or they
may control some intermediate means by which
the fuel miay be controlled. ~As @n “example ‘of
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‘the ldtter form of systems the output of ;a vari-
,able delwery pump, or the set‘ g of 4, metermg
‘orifice,” may be ‘controlled’ by Au

‘ pressure means
the ‘sense of operatlon of which is’ determmed by

ithe relationship of the cont rol andfollower mem-
bers.

In order that it may be clearly understood and
readﬂy carne' nto effect, the inventlon will" Tow
be described with reference o:the accompanylng

‘dlagrammatic drawmgs ‘of which:

Figure 1is a.’sC ematic layout dlagram of ‘a

“fuel; supply system accordmg to ‘the’ inventlon

Figure 2 isa section through’ the compensatmg
means embodied in the Figure: 1 ;arranger
and i

Fjgures 3, 4-and 5 are sections ‘taken respec-
tively on ‘the lines III-—III IV——IV and V——V of‘
Flgure 2.

The system now to ‘be “deseribed has been 'de-
veloped as an absolute speed control fof @n in-
ternal combustlon reaction turbme ‘for dircraft

‘propulsion. ' In Figure-1, the reference numeral

85 represents ‘8 varlable delivery pump ‘In‘this

‘case, the pump is: of the rad1a1 cyhnder type with

plungers -36 operatmg in the radial’ bores 31 of

‘the rotor ‘which is drlven for rotation by an €x-

ternal drive connéction. "The' eylinder asseribly

rotates ‘about ‘the statmnary spindle 38, which
‘mcorporates the'iniet port 39 and ‘the outlet port

40, Slipper bearlng members 41 are ‘mounted’on
the outer:ends:of the: plungers and" abut agamst
the internal penphery of ‘the track”™ rmg 42 the
eccentricity of which-is varrable ‘about the plvot
43:s0°as to vary the effectives troke of the- plungers

in rotatmn “As shown in® F1gure 1,-thetrack ying

isin a: m1n1mum eccentrimty condrtlon at: whlch

the-delivery is at'its minimam.

“The' pump’ takes hquld fuel from- the fuel:sup-
ply-tanks alongthe conduit' 44 ‘and- fuel feeds
into‘the injet: ‘port 39° and: is- thﬂn pumped vm the
pistons* through the outlet port 40 ‘of-the pump
for-delivery: pagt! the-emérgency fuel control’ cock

45 along ‘the condult 45°fo the buarner ring 41,

The- burner-ting ‘is prov1ded with' g -nuiiper “of

burners- 92,° at- léast one for each comoustion

chamber of the turbine.” For" details ‘ofsuch
burners and the fuel supply system wherem ‘they
may - be" employed 1eference is" mede ‘to’ my co-
pending apphca,tlon i8erial - ING. 92343, -fled
January 14, 1948 “Fhe fuel- dehvery condult 46
runs through a governor\;»controlled Ve j‘,
whlch provldes an’ overspees “control: 11m1t1ng the
maximum speed of the turbme and a startmg ac-

‘cumulator 49 also feeds mto the fuel dehvery con-

dult 46.
“In the caseof the arrangement shown in Figure




S 2,609,868

3
1, the eccentricity of the pump track ring 42 is
controlled by a fluid actuated piston §3. The
piston is provided with a central slot into which
the control arm 51 of the track ring projects.
The piston ‘is loaded to a maximum eccentricity
position for starting purposes by the spring as-

sembly 52 and the piston operates in the eylinder
with fluid supply conduits 54 and 55 respec- .

§3

tively running to each end of the cylinder. Fluid

supplied for track ring eccentricity- variation is.

tapped off the fuel supply conduit 44 running be-
tween the tanks and the pump through the actu-
ating system supply conduit 86 leading into the

auxiliary pump 57, which in this case is.a gear.
pump. The conduit 58 leads from the pressure
outlet of the auxiliary pump 57 into the central = -

4
flow metering piirposes is thus controlled by reld~
tive rotary displacement of the inner and outer
sleeves, which can rotate relatively to a limited
extent. - Fluid:flows to the interior-of the control

_valve through the aux111ary pressure.supply con-

duit 58 into the annulus 59 and therefrom
through the centre ports T4 of the outer sleeve
into an annulus 15 between the inner and outer

- sleeves “and from-the annulus 75 through the

10..

annulus 59 of a rotary control valve 60, the de- -

tails of which will later be described, but, for the
time being, it suffices to explain that according to
‘whether the electric motor 61 tends to be driven
at a higher or lower speed than the speed of ro-
tation of the engine driven shaft €2, actuating
fluid is metered by the valve to flow either along
the conduit 54 or along the conduit 55.  The ar-
rangement is in fact such that delivery of actuat-
ing fluid along the conduit §5 into the cylinder
53, moves the track ring control plunger 58 left-
wardly for reduction of eccentricity of the frack
ring whereby to reduce the quantity of fuel de-
livered along the fuel delivery conduit 46 to the
burner ring. - Conversely, actuating fluid supplied
at pressure along the conduit 54 increases track
ring eccentricity.

A drive to the engine speed responsive shaft €2
is picked up through the pinion 63 and the elec-
tric- motor 61 is supplied from a conveniently
available source of electric power through the
power cable 64 which leads up to a variable re-
sistance housed in the control box 63. The cur-
rent passed to the motor from the control box
can be varied by manipulation of the engine
speed control lever 66 which operates directly
upon the variable resistance, current flowing
from the resistance to the motor through the
current lead 61. The speed of rotation of the
motor which is designed so as fo be capable of
exceeding the intended maximum speed of rota-
tion of the engine speed responsive shaft 62 can
thus be varied by manipulation of the engine
sped control lever 66. The purpose of the re-
sistance box 90 will presently appear,.and can
be disregarded at this stage.

Dealing now with the detail constructlon of the
rotary valve, the details are best seen with refer-
ence to Figures 2, 3, 4 and 5, through the main
parts are shown in the schematic layout of
Figure 1. The basic elements of the valve are
two-ported rotary sleeves, the inner sleeve 68 of
which is revealed in Figure 1 by breaking away
of the ends of the outer sleeve 69. Both sleeves
have co-operating ports, of which the ports 72
and T1 of the outer sleeve are visible in Figure 1,
whereas the ports of the inner sleeve which co-
operate with the ports 70 and 71 are seen re-
spectively in Figures 4 and 6. It is convenient
to refer to the ports which operate for metering
the flow, as control ports. Thus the ports 70 and
1 of the outer sleeve are the control ports of
the outer sleeve and, correspondingly, the con-
trol ports of the inner sleeve which co-operate
with the control ports 70 of the outer sleeve are
designated by the reference numeral 72. Like-
wise, the control ports 13 of the inner sleeve co-
operate with the control ports Ti of the outer
sleeve, The orifice area which is variable for
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centre ports 76 of the inner sleeve to pressurize
the spaces. 11 defined between the inner sleeve
and a cenftre piece 18 fixed therein to extend
throughout the length of the inner sleeve 68. It
thus follows that the spaces 17 are pressurized to

the pressure at the output of the auxiliary pump

BT at all timeés when the system is working.

At this point in the description, it is believed
that it will facilitate matters if the auxiliary sys-
tem flow be traced through the valve, having
particular reference to-the sectional Figures 3, 4
and 5. In that respect, Figure 4 is basic in that
it deals with the pressurization of the spaces 11,
from which it follows, if reference be directed to
Pigure 3, that, if the inner sleeve 68 be rotated
clockwise, as' viewed on the section, relative to
outer sleeve 69, flow will be permitted from the
port 1T through' the control port 13 of the inner
sleeve and out through the control port 71 of the
outer sleeve into the annulus 73 from which

) actuating fluid can flow along the conduit 55 to

the cylinder 53 to operate the plunger 50 to re-
duce track ring eccentricity, and therefore to re-
duce the amount of fuel supplied. “The inner
sleeve 68 is rotated by the electric motor 61, and
such a movement corresponds to a decrease of
the speed of’ the electrlc motor in relatlon to the
engine speed responsive shaft 62 from which
the outer sleeve -is driven. Movement of the
stroke control plunger 50 dlsplaces liguid from
the other end of the cylinder 53 along the con-
duit 54 into the annulus 80 -(see Figure 5) and
the corresponding relative clockw1se movement
of the inner sleeve 68, which brings the control
ports 71 and 13 of Figure 3 into register, also
brings the ports 70 of ‘the outer sleeve into regis-
ter with the ports 12a; 'of the inner sleeve which
lead into the exhaust spaces 8! which, like the
pressure spaces 11, extend throughout the length
of the inner sleeve. The exhaust spaces 81 are
in communication with the central exhaust duct
82 through the transverse port 83 seenin Figure 4
and, in dotted lines, in Figures 3 and 5, and the
‘exhaust from the “central exhaust duct 82 is
piped away back infto’ the fuel supply reservoir.

If, on the other Hand, it is required to increase
the speed of the turbine, the speed of the elec-
tric motor is correspondingly inereased to bring
about counter-clockwise ‘movemerit, of the . inner
sleeve 68 with respect to the outer sleeve 69 and
the valve operates exactly as. before except with
flow reversed, o that atxiliary fluid passes along
the conduit 54 to the cylinder 53 with return flow
along the coriduit 55, and the stroke-of the pump
and the volunie of fuel supply is correspondmg-

1y increased.

In operaticn’ Of the. system startmg up from
cold, the valve 45 is. first ‘operated {o open the
pump delivery output into the fuel delivery con-

duit 46 and the engine is run Up on the starter.
The track ring 42 of the fuel pump:is loaded by
the spring assembly 52 to a maximum eccen-
tricity position which" ensures an adequate sup-
ply of fuél for starting. 'Fuel is piped along the
conduit 46 through the governor controlled valve

Which, be it remembered, operates only as a max-
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imiim speed'governor. Asisusual in'gas turbines
used for aireraft propulsion, the burners iicorpo=
rate relief valves which open only when.a prede-
termined pressure has been reached ina fuel sSup-
ply ‘system.--Sueh an -expedient is to reénsure a
predetermmed and adequate delivery of -fuel and
to ‘prevent ‘burner trouble ‘which might ‘other-
wise result -in unsatisfactory combustion. By
reason of ‘the-fact that the valves are operating

in the initial stages of running up the engine, I

fuel is delivered into the small starting accumu-
lator ‘45 in which -compression: pressuie is built
up against resilience in some form until the'start-
ing pressure is reached and, at that stage, the re-

1ief valves on the biirners are opehed and a steady . :

delivery of fuel ensues at the burners.. The fuel
is ‘quickly -ignited by the usual electrical ighiting
means ‘ahd then very quickly burns contlm.ously
For startmg ‘purposes, of -course, the engine ‘speed
‘control 1ever-66 will have héen set to the reguired
'startmg speed which thus 11m1ts ‘the driven-speed
of 'the -electric motor ‘61 and the result is that,
‘once -having started, the -engine quickly -begins
to race so that the inner sleeve §8, driven as it
is by the electric motor, 1mmed1ate1y tends to lag
with Tespect to the engine speed responsive outer
sleeve ‘and fuel is. delivered through the conduit
55 to ‘the ‘cylinder 53 to operate the stroke ‘con-
4rol plunger 50 for reduction-of track ring eccen-
tricity against the 'sbring loading 52. Thus,
idling speed is achieved almost instantaneously
on starting up.

‘Once having started, ady. indrease dictated by
the engine speed control lever 68, speeds up the
electric ‘motor until the innher sleeve 68 driven
thereby is rotating at such a speed that the en-
gine speed responsive sleeve 69 is the laggard and
actuating fluid is delivered to the other end of
the cylinder 53 to operate the stroke control
plunger 58 for increase of eccentricity of the track
ring.

When operating under ideal conditions at a
steady setting of the engine speed control lever,
the speed of rotation of the sleeves 68 and 69 is
identical and once the sleeves €8 and 69 have
settled down after the last previous adjustment
of the engine speed control lever they will theo-
retically blank. off the pipe lines 54 and 55,
though in actual practice it is believed that such
an ideal theoretical set up will rarely prevail.
The fact that the sleeves 68 and 69 rarely stabi-
lize so precisely does not introduce “hunting” of
the speed of the turbine because the response to
speed changes is practically instantaneous.

It must be appreciated that the relative move-
ment provided for between the inner and outer
sleeves 68 and 69 respectively must be limited to
such an extent that at one limit the cooperating
ports 18, 712 and 11, 13 are fully in register, where~-
as in the other limits they are blanked off. To
provide such limited relative movement, it suf-
fices to provide co-operating dog and slot. pro-
jections between the two drives, the one respec-
tively . operating between  the electric. motor
driven shaft and the inner sleeve 68 and the other
between the engine speed responsive shaft 62
and the outer sleeve 69.

The governor controlled valve 48 has governor
weights 85 which are driven for rotation from a
suitably arranged auxiliary drive shaft through
the pinion 84. Increasing engine speed swings
the governor weights 85 out against the loading
exerted by the. compression spring 86 and, if &
predetermined maximum speed is achieved, the
upper land 87 of the governor controlled valve 48
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‘in the ‘otor current lead 871,

opens. pump -delivery into the-relief :passage 38,
The fuel flowing to the burner ring is thus cut
Gown’ to effectually .limit the maximum speed,
excess fuel being rﬂturned back to the inlet of
the pump 35, :

It will ‘appreciated that numetous modifica-~
tions ‘méy- be incorporated - without - departing
froth the nature of the-invention; thus thie.motor
81, 3hich is the actual spéeed controlling means,
ight corceivably ‘be s hydraulic motor or air
arivén .motdr, but; in thHat' respect, it should be
stated that ‘an’ électric “motor ‘presents many
points of advantage. ‘Ore such advantage has
in 86t been subject to tonsideration in the pres-
‘ent system whete specifiéally adapted for supply-
ing fiel to-a gas turbine fot ‘airé¢raft propulsion
on-the jet redction principle.- In stch installa-
tions; bifner Tailures -Have introduced difficul-
tigs ‘becatise of disproportioned metering of the
fiiel to the remaining burnersshould one or taore
birners fail.” To avoid-overheating of the re-
maining burners, a thérmo-couple. is fitted to
each burher, viz. the therimo-couple 61 fitted to
the burner 92 in Figutre 1. The thermo-couple
'81-i5 connected by a current lead 93 to an ampli-
fying 'stage 94 which is in furnh connected by the
current lead 89 to the resistahce box 90. If the
burner ‘82 fails, the thermo-couple '&i ‘acts
through the amplifying stage 94 upon tappings
4hihe: re°1stance box §0-to-increase the resistance
The ‘speed ‘of the
Llectnc rnotor-61 is thereby reduced and conse-
‘Guently. the total fuel supply to the remaining
burners is ‘proporticndtely cut down.

It is animportant feature of the present in=
vention that speed compensation throughout the
whole speed range can be achieved without the
necessity for -an -over-ride barometric control
such as has hitherto been regarded as necessary
in aireraft which may be called to operate at any
altitude from sea level to 40,000 or 50,000 feet,
at the present stage of development.

The fuel control cock 45 serves g dual purpose.
On the one hand it operates as a shut-off cock
when the system is not operating, in which event
the delivery is opened back into the relief port
88 so that the pumps or the system will not be
injured should the starter be operated with the
fuel delivery conduit 48 shut off, whereas, on the
other hand, it can be used in emergency should
the automatic compensating side of the system
fail, in which event the pilot can still land in
emergency by manual manipulation of the con-
trol cock 45.

It is believed that the only other item Whlch
is' seen in the drawings and which has not so
far been referred to.is the relief valve 94 which
operates to relieve any excessive pressure which
may be developed. in the auxiliary system. To
that end, the spring loaded relief valve 92 can
be blown open against the loading exerted by
the compression spring 83 to give relief into the
pump casing and therefrom into the inlet side
of the pump.

it will be appreciated that the rotary form of
control valve of Figure 1 might be employed
equally well as a variable restriction directly
metering the fuel supply, or the spill return line
from the burners; in which event the pump 35
could be replaced by a constant delivery pump.

I claim:

1. ‘A control valve for use in a fuel system- for
an aircraft internal combustion turbine engine,
in which fuel system a pressure-fluid operable
shifter is operatively. connected to decrease or
increase the effective fuel supply, said valve com~
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prising two concentric, rotative sleeves, one of
said sleeves constituting a follower sleeve ar-
ranged for connection to and for rotation at a
speed corresponding to the speed of the engine,
and the other of said sleeves constituting a con-
trol sleeve and being arranged for rotation at a
speed which is variable at will, but constant at
any selected speed, means so to rotate said con-
trol sleeve at any selected speed within a range
embracing the operative speeds of the follower
sleeve, a fixed central core, affording supply and
drainage connections, respectively, each of limited
angular extent, within the inner sleeve, and a
casing surrounding the outer sleeve and defining
axially spaced annuli pressure connected to the
shifter to effect, respectively, opposite movement
thereof according to which annulus is pressurized,
the two sleeves being complementally ported, in
registry with each annulus, and each port regis-
tering, as it rotates, alternately with the pres-
sure supply and the drainage connections, the
ports for registry with one annulus being angu-
larly spaced relative to those for registry with the
other annulus, whereby to determine the connec-
tion of one or the other annulus to the pressure
connection, and the other to the drain connection,
in accordance with which of said two concentric
sleeves tends to overrun or to lag behind the
other. :

2. A control valve gs in claim 1, wherein the
shifter constitutes the track ring of a variable-
delivery pump which by its shifting effects de-
crease or increase in effective fuel supply to the
fuel system, and a plunger operatively connected
to shift said track ring, and itself pressure-con-
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nected to the valve’s annuli for actuation auto-
matically under control of said valve." )

3. A control valve as in claim 1, including a
variable-speed ~electric motor operatively con-
nected to rotate the control sleeve at any one of
a plurality of constant speeds, and means manu-
ally operable to alter the speed of said electric
motor. :

FREDERICK HENRY CAREY.
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