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,516 149
o AIRCRAFT FUEL:SYSTEM .
.. Dayid Samiran,; storn, ‘Ohio
Apphcatlon May- 15 1945* ‘Serial No: 593 917 .

w8 Clau:ns

" (C1y158--36)

‘(Granted under the act_of ‘March- 3, /1883, as

~amended - April 30, 1928:370-0. G. 457) 7

The 1nvent10n descrlbed herem may be. manu- B

5 factured and used by or for the Government for
ugovernmental PUrposes,: wrthout the. payment.to
me of any royalty-thereon..
> This invenfion::
i craft -having. particular: reference to: alrcraft for-
long range-missions..
Inzmodern aircraft, partlcularly in- warcraft, it
has usually:-been- the.practice to. Carry:: thf, fuel

-:supply in. a series:of separate tanks: drstrrbuted ld el

<+as uhiformly as-practicable throughoutthe craft, -
a:this -practice having, the: advantage .of ..betfer
-iweight - distribution;:and.:the .further, advantage
othat if one:tank: becomes-so punctured:as: -10: lose

lates to fuel systems for. air- . 8

‘2
 Mills,; Serial No. 494,128, filed July 9, 1943, now
. Patent, No<2;435,982 _1ssued Feb. 17, 1948 we d1s—

£O. construct and arrange a fuel system that

t,o‘ne and the.same electrlcally dr1ven bump, will

sithe engine. pump upon, changing. from .an, empty

¢sitsfuel; the. loss will. be : proportionately:: less @8, 1 .0 & full ;f,a,hk and as.a.booster pump for 1ncreas-

'the snumber-of tanks.is greater..

i Inthe.more recently: proposed . fuel- systems .of
)thls kind; automatic means: are usually provided
+which -ineludes.means :sensitive . to. a :pressure

g the pr essure at the .suetion side, of the engme

fuel b'e‘ ma1 tamed m some tank so as to

¥:0

5 drop ‘at-.the carburetor:due.to:an: empty:tank 20:,a1ways,‘have fyel..upon . wh1ch the emervency

«condition for:disconnecting :the empty tank; Irom
ithesuction: side.of :the main: fuel:pumpgsearch-
»'r.ing ~out a’full itank, and.connecting  the.pump

‘suction: side ‘thereto. : Since;.with this: arrange-

UMD, may draw, it is a further obJeot of thls in-
entlon totprovlde: means, applicable to one -of

Al
¥ uel m the bottom 0f sald tank from bemg used

ment, there is an elapse period between:thertime; 25, ntil after. the last épossmle other source of sup-

-‘at which- a tank becomes empty and the time al
“«hich this fact registers on:the: pressure sensi-
+tive device-at:the:.carburetor:intake;:it:is: zre-
qulred -in-order to-insure against-engine failure,

ply has,, been 1nvest1gated ‘and- found to be eX~-
,,hausted
. +While in a fuel system of this kind there is usu-
) 1ca]1y operatlve selector cock’ for

“-to ‘provide an emergency:-pump-to pump fueb:di 130' changing from, one tank; to the mext, there are

~reetly -to the carburetor, such emergeney: pumo
~‘being ‘operative ‘automatically :the. instant:the
“‘device-at the-carburetor senses the drop:in: pres-
-sure-at that point. The-emergency:pump:then

of 'atlons w;hen it becomes desn'able to turn ‘the
seSelegtor, .cock manually at_a faster, or a ‘slower
~Tate:or, inthe, other d;rectlon from that in-which

1t ig ,bemg rotated automatlcally ‘Tt is: therefore

continues to-‘operate until the engine-pump-has. 35, another object.of this invention to provide means

bu11t up the pressure-at the: carburetor.by: yirtue
’ of its'reconnection to g full tank.
‘ = The practice of employing-an:emergency.pump
and connectmg it ‘tothe-discharge - side sof the

assoclated with.an automatm power operated: se-
mlector cock, whereby the simple act’of- aftempt-
ing manual goperatmg .of ‘the selector cock dis-
.gonnects it mechamcally from 1ts power operat-

..engine pump to maintain the fuel ‘pressure atithe, 40 ,ing. means.

; .earburetor between thetime ‘that- a tank be-
_comes empty and the time ‘that a full: tanl:has
been selected and connection-made thereto isnot
broadly new. 1n ‘this apphcatmn smce such a sys-

pendmg apphcatlon ‘Serial’ No 475 683 ﬁled\Feb-
~ruary 12, 1943, now Patent No: 2,406,854, -issued
--.5ept. 3, 1946. Moreover,, fuel systems employmg,
el addition, to ‘the_‘engine 'pump, an - eleciric

';_ o externally born ;
.- ig prefe a_bly used first-in gettmg to-the obJeotlve
;,(.an

) ”In 1ong distance. missions,. particularly -in long

" .range. bombmgﬁ missmns where maneuverablhty
s notar

ement dur1ngﬂ1ght to the obJeetwe

but 1

drop tanks the fuel in- whlch

the drop tanks ‘then: -discarded.
It 1s therefore another ‘object- of this-invention

booster pump. to dlscharge mto the suctlon -side. 50 to provide a serles of drop tanks S0 mounted on

..of the engine pyip, when, the fuel cav1tates at
" this point, due to. reduced atmosphemc .pressure
8 high altibude, or, to other, causes, are: ‘also well
nown in the. art. .

the craft and so connected to the system ‘and: to
_.each other that, their fuel will be wrthdrawn i~
formly, part out ‘of ‘each-tank so-as-to-maintain
% balanced ‘condition untﬂ the fufel- in- ‘the drop

S )In the, copendmg a.pphcatzon of Samlran and. 55 tanks 1s exhausted
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Another object of the invention is to so con-
struet, arrange, and connect the drop tanks that,
with a single setting of the selector cock, which
connects the main pump to the main tank, the
entire contents of the drop tanks will be trans- 5
ferred to the main tank ag fuel is bemg used out
of the main tank o

Other ob;ects and advantages w1ll become evi-
dent as the invention is described in detail and
reference is made to the drawing, wherein:

Fig. 1 is a schematic view of the complete sys-
tem with its hydraulic and electrical, connections.

Fig. 2 is an axial section through the jaw clutch
through which power is applied-to drive the auto- .
matic selector cock.

Figs. 3 and 4 are axial sections showing the -
closed and open positions, respectwely, of & pres-
sure sensitive switch which shows when a tank
from which fuel is being taken is empty.

Figs. 5 and 6 are transverse sections showing 29

“the closed and open posuuons, respectwely, of a

10

16

" solenoid which, when energlzed mamtams power
‘connection to the tank selector cock.
Figs. 7 and 8 show open and closed’ pos1txons, 25
" respectively, of the piston valve which prevents
operation of some of the functions of the system
except when the engine isrunning. :

Referring now to the drawing, an aircraft eny,
gine 10 carries s main fuel pump I2, the pump 30
being operatively connected- to the engine to be
driven thereby and adapted to ‘supply fuel under

" ‘pressure to the carburetor i4; or like fuel meter-
ing device. The engine pump is ‘provided W1th
the customary relief- valve whereby fuel is res’ 35
turned from the. dlscharge side of the pump back
to the intake side’ when the pressure‘at the dis-
charge side exceeds a preselected value, which,
for illustrative purposes may, in the instant case\,
be taken as fiften pounds.” It may preferably also 40
be provided with a small adJustable leakage Das-
sage from the dxseharge s1de back to the intake.
Such a leakage passage will return only a minute
volume of fuel from the d1scharge side back to
the intake side,. but when the punip is pumpmg ‘45
air only, wili return 4 volumie of air equal to sub-
stantially the entire air pumpmg capac1ty of the
~ pump from the discharge. side,back to the intake
side. The provision of the leakage opening there-
fore does not materially affect the ‘capacity of the" 50
pump to raise the fuel pressure to the desired
value, but insures that when thé punip is pumping
air no considerable air pressute may build up at
the carburetor 1ntake “The air eliminating fea-
ture of the engine pump is shown, ‘described and" 55
claimed in my copending apphcatlon Serial No.
570,938, filed January 1, 1945, now" Patent No.
2,431, 345 issued November 25 1947 5
_carried within the sireraft as a permanent part’ 60
“thereof. The main tank 16 is so,arranged that
the reserve portion.iT of . its’ contents which ex-
tends from the bottom to’ the line 19 .nay not be
drawn from the tank ‘except for emergency use,
until after the other portlon 2[ above the line 1§ 65
and all fuel in the other tanks has been used. A
belly tank 20 and wing tanks 22 and 24 are carried
externally on the unders1de of the fuselage and
under the right and left wings:respectively. The
external tanks 20, 22 and 24 may conveniently be 70
referred to as the drop, tanks. . -

A fuel cock 26 has seven equally spaced stations
to which the pointer 28 may be turned, namely
Off, B, L, Ri, A, M, and Re when proceeding anti--
clockwise. These indicia, with the exception of

2,516,149
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Off show the stations of inflow into the selector
cock.

A single outflow pipe 30 emerges from the cen-
ter of the selector cock, flowing first through a
strainer 32, then through a pipe 33 to the suction
side of the engine pump (2. A pipe 34 connects
the bottom of the belly tank 20 to the inflow sta-
tion B, a branch 35 extending upward into the top
of the tank 16. A manual valve 31 in the branch
35 is normally closed. A pipe 36 connects the bot-

. tomuof the left wing drop tank 22 to the inflow sta-

tion L. A pipe 38 connects the bottom of the

- right' wing drop tank 24 to the inflow station Ri.
A pipe 40 connects the bottom of the auxiliary

tank 18 through an guxiliary pump 42, which is
driven by an electric motor 44, to the 1nﬁow sta-
tion A. An adjustable resistance 43 is employed
to regulate the output pressure of the pump. A
manual switch 45 is provided to disconnect the
pump motor 44 from its current source. A pipe 46
connects the bottom of the main tank:16 through
2 pump 58 and branch pipe 48, and the discharge
side of the engine pump 12 through a pipe 53 and
check valve 52, to the inflow passages M and Re.
A rotatable member of the selector cock 26 is se-
cured to the pointer 28 for rotation therewith and
this member is provided with a channel 55 for se-
lectively or sequentially connecting the several
inflow passages to the outflow pipe 30. The pump
50 is driven by an electric motor 54, and is so ar-
ranged and connected in the system that it may
act as a booster pump, drawing from the main

“body of fuel 2{ in tank 18§ and delivering it to the

suetion side of the engine pump as an aid thereto,
or it may operate as an emergency pump, drawing
fuel from the reserve i1 and delivering it to the
discharge side of the engine pump when, for any
reason, the engine pump fails to maintain a pre-
determined pressure abt. the carburetor intake.
Pump 50 is provided with an inbuilt relief valve
which is set to maintain the pressure at ifs dis-
charge side somewhat below that of the engine
pump. For illustrative purposes the discharge
pressure of pump 50 may be taken at twelve
pounds.

As s means for sensing when the engme pump
has failed to maintain a predetermined pressure
at the carburetor intake, there is provided a fuel
pressure sensitive electric switch 56 which is con-
nectéd by a pipe 58 to the discharge side of the
engine pump 2 and to the intake of the carbure-
tor 14. Switch 56 comprises a body in two parts,
66 and 61, the interior being divided info two
compartments, 85 and 61, the lower compart-

‘ments 65 being vented to the atmosphere at 63.

A spring-metal diaphragm 62 separates the com-
partments 65 and 67, the diaphragm being slight-
ly dished so that it will resist change in position
from that shown in Fig. 3 to that shown in Fig. 4,
or vice versa, with a resistance of approx1mate1y
two pounds. The spring 64 is so proportioned
that, in Fig. 8, it exerts an upward pressure of 11
and 34 pounds, and in Fig. 4, an upward pressure
of 14 and % pounds It follows that when the
switch is closed.as in Fig. 1, with the switch con-
tacts 66 and 68 in engagement there is a resist-
ance to downward movement of 11 and 34 plus
9=—13 and 34 pounds. Switch 56 will accordingly
open if a pressure of 13 and % pounds is applied
in the chamber 61. Conversely, when the switch
is open as in Fig. 4, with the switch contacts 66
and 68 separated, there is an upward pressure of

'14 and Y pounds' —2 pounds=12 and 3 pounds

A drop in pressure in the chamber 67 to 12 pounds
will accordingly allow the sw1tch to close It will,

78 of course, be understood that “the pressures at
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which+the switch 56 changes from closed to open
‘position: and vice'versa,-are arbitrarily chosen ‘for
purposes-of’ 111ustrat1on and that any quick make
sand ‘break pressure operated switch ‘having an
appropriate overlap between opening and-closing
pressure, so as to prevent hunting, will be consid-
ered within the scope of the invention. A -warn-
ing signal light 70 is connected to ‘the contact
meniber 68 whereby the light comes on coinci-
dentally with a drop in bressure suﬁ‘ic1ent to close

{he switch '56.

_ An electric motor 72 operates a vacuum pump
JI4 such as is commonly employed in an aicraft,
the pump having its suction side 76 connected to
the various-vacuum operated instruments usually
found .on.an aircraft and having’ the pressure side
18 connected by pipes 80, 82 and 84 to the tops of
the drop fanks 22 and 24. A check valve 86 is
interposed between the discharge side 18 and the
pipe 80 and an air pressure regulator 88 is inter-
posed between pipes 88 and 82. A gauge 90 gives
visible indication of the air pressure being main-
tained. . Pipes 92 and 94 connect the bottoms of
the-drop tanks 22 and 24 to the top of the drop
tank .20, whereby, by maintaining a proper air
pressure at the gauge 98, the fuel may be forced
-out.of the drop tanks 22 and 24 into the drop tank
20, and. out-of the drop tank 20 into the pipe 34
from which it may be directed by way of station
‘B -of. the. selector cock 26 directly to, the suction
-side.of the engine pump 12, or, by opening the
valve 34, through the main tank 16, pump 50,
‘pipes 48 and 53 to the discharge side of the en-
gine pump 12,

Weighted floats 86 and 98 operate comcal valves

400 and 102 in tanks 22 and 24,-whereby these
‘tanks empty uniformly and maintain-a balanced
load on-the wings, for, if one -tank empties faster

‘than the other, the greater height of the float in .

sthe.fuller tank increases its outflow passageway
through the conical valve of the fuller tank and
thereby maintains the balance. When the tanks
22 and 24 have been emptied by air pressure as
-ahove described, the valves {00 and 102 should be
.closed except that there should either be a slight
valve leakage in the closed position, or there
should be separate leakage openings 101 and. 103
sothat.air pressure coming into the tanks 22 and
24:after they are empty may get through into the
tank 28 to pressurize the tank 20 when it is desir-
ableto-discharge its fuel in that manner:

A'float 104 in the top: of the main:tank 46 oper-
atesa valve 188 to .closed position to:prevent fuel
from: the drop tanks entering the main tank 6 by ;
way -of the pipe 34 faster than it is -being dra,wn
“from the bottom by the pump 58. )

A float 108 operates an- electrlc svntch 110.
‘When the level of the fuel in the main tank .16

falls below the line #9, the switch 110 closes, and

‘thereafter the pump 58 cannot any longer-act gs
a‘booster pump to deliver fuel from the maintank
16 by way of pipes 48 and 48, through station M
‘of the selector cock, and by way of pipes 38.and:33
to the'suction side of the engine pump 12, but can
‘act as-an emergency bump only to deliver the:re-
serve-fuel 47 by way-of pipes 48 and 53:to the dis-
-<charge side -of -the-engine ‘pump- 12, and that only
-‘when‘the pressure in the pressure sensitive:switch
56 drops below ‘the predetermined value due to a:
‘tank -from- which the engine pump is taking fuel
“becoming empty.. This is due’to the fact that the
-dlectrical connection made by the switch 1-{8-acts
in conjunction with-another “switch ‘hereinafter

‘described ‘to prevent -the “motor" driven -selector 75 -is ‘intermediate two stations.
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‘one disc to the other.

.Fig. 5.
135 in -either direction will raise the plunger 13

flme to'the motor (51,
“be maintained-at the motor terminal throughithe

B
‘cock 26 ‘remaining-on-either of the :positions»‘-”‘M
‘Re, or Off.

“The- selector ‘cock pomter 28 and the member
which carries-the-channel 55 which selectively or
sequentially-connects the inflow-positions B, L, Ri,
A, M and Re to the outflow pipe 30, are both-‘se-
cured to-the cam shaft 112 to- rotate- therewith.
Also fast onthe cam-shaft 112 is-a-cam 114-which
‘has-as ‘many notches 116 in its-periphery :as the

-selector cock 25 -has-stations, which is in the:in-

stant embodiment is seven. A switch ¢18 is al-
‘ways-open as shown whenever the free end.of the
operating arm 120 has dropped into one of - the
notches 116.

Four cams- 122, 124, 126 and 128, also -fa;st on
the cam shaft 112, are provided for -closing-the

switches A, M, Re and C respectively, ‘the oper-
“ating lugs ‘on ‘the cams 122,

124 and -1268-being
80 positioned that the svutches ‘A, M and Re:close

‘only “when- selector -cock pomter is set on A, M

or ‘Re respectively, while the lug-on the cam 128
is so-made -as to keep-theswitch marked C closed

‘when ‘the ‘selector -cock pointer is on either M

or'Re or Off, and open on all other stations.

A disc 132¢ (see Figs. 1 and 2) is fast on the
Tear‘end of the cam shaft 112. Disc 132¢ and
a second disc 182 are joined-together at the edges
by a yoke #44: A tubular part 434 extends rear-

‘wardly from-the disc #32 and carries a toothed

clutch part 37 at the free’end. A switch 136 is

.operable by a plunger (31 (see Figs. 5 and 6>
“which -lies’ ‘between the -discs
"Phunger 181 is slidable radially between the discs

132¢ ang 132.
-and ‘between the guide lugs 139 which also join
A contact member ‘138
extends laterally from the plunger (31 ‘which'is
mnormally held in contact with the contact mem-
‘ber 440by a'spring 142 as seen in Fig. 5. A small
cam 180is fast -on the forward end of a shaft

0 135 andlies between the discs 132 and 132. Cam

130 ‘has a single V noctch {43 (see Fig. 6) into
which the 'V end -of the plunger i3i is held by
the spring (42 when the switch is closed as in
‘Rotation of the cam 130 by the shaft

and open the switch 136 as-seen in Fig. 6. 'The
yvoke {44 terminates in -a stop 145 (see Fig. '5)
which prevents ‘the plunger 13{ ever rising high
enough to get wholly out of the notch 143. "It
will ‘be understood that the discs 132a and 132
with their connecting yoke 144 always rotate
with the shafts {12 .and 135. .
. A gear 186 has a prolonged tubular hub (48

with a flange 198. An. electric motor 151 has an

~inbuilt high reduction gear box 153 through wlich
-2 .pinion {55 is driven, the pinion being in con-

stant mesh with the gear 166. A spring 152 reacts
-against & stationary part 154 of the structure to
move -the flange 183 into .engagement with the
stop -1B86. . A .solenoid coil -138 receives .electric
current through the switch 136 and, when ener-

-gized, moves the hub. {48 in the direction. of the

arrow 160, whereby the toothed clutch 162, which
has one toothed part {37 on the tubular end 134
and the other toothed:part 139 on the gear 1486,
will be engaged, and the switch 165 as well as
the jaw-clutch 162 will be closed. Switch 165 is

eonnected in series ‘with the time delay switch

+18;- whereby, when the engine pump 12 Testores
the interrupted pressure in the fuel pressure
sensitive switch 96, which thereby cuts the direet
current. will' nevertheless

switches {18 and 165 as long: as the pointer ;28
A :selector handle
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a
164 is fast on the outer end of the shaft 185. A
grooved collar {66 fast on the shaft 135 is en-
gaged by a stationary part 168 to allow rotation
but prevent axial movement of the shaft. Inas-

much as the frictional resistance to rotation of

the selector cock 26 must be overcome by the
‘handle |64 when manual operation of the selector
cock is being effected, it follows that, as soon as
-a slight torque is manually applied to the handle
164, to turn the cam (30 the switch 136 opens
as in Fig. 6, the coil 158 is thereby deenergized,
the clutch 162 is disengaged by the spring 152
and the switch 165 is coincidentally opened,
whereby the motor 151 need not be manually
-rotated through the high reduction gearing each
time the selector cock is manually operated.
Since it is desirable that certain parts of the
fuel system should not become operative except
when the engine is running, there is provided
‘a switch mechanism i78 which is responsive to
‘the oil pressure of the engine lubricating system.
-Switch 176 comprises a contact bar 172 movable
by a piston {14 into engagement with contacts
116 and 118, which are in turn separately mov-
able into contact with the bar 112 by the manu-
ally operable handles 180 and 182. The cylinder
184 within which the piston 74 is slidable is
connected by a pipe 186 to the oiling system of
the engine 10. A spring 188 urges the switch
110 to its open position. In order to provide a
suitable overlap as between opening and closing
of the switch 1710 to.prevent hunting, a detent, ball
. 191 is radially slidable in a pocket {93 in a boss 185
of the cylinder 184 and is urged inward by a spring
185 into a notch 187 when the switch is open

L3

10

15

25

.30

;86

as in Fig. 7 and into a notch 198 when the switch

is closed as in Fig. 8. The slopes of the notches
187 and 199, and the strength of the spring 185
are in such proportion that, when no pressure
.exists in the pipe 186, a force of 2 pounds will
be required to move the piston 174 from right
to left just before the ball 181 passes the point
{81 and 3 pounds to move it from left to right,
also just before it passes the point [87. The
spring {88 is then so proportioned that it will

140

45

be offering a resistance to movement from right™

‘to left of 17 pounds just before the ball passes
the point 187 and will be exerting a force of 19
_pounds to move the piston from left to right also

just before the ball passes the point 187, Obvi-,

50

ously, it will take 174-2=19 pounds oil pressure”

to move the piston left until the point 187 passes
the ball 8¢ to close the switch, and, when the
pressure in the pipe drops to 16 pounds, the 19
pound force exerted by the spring 188 minus the

3 pounds resistance caused by the spring {95

will again open the switch. An oil pressure gauge
189 shows when the pressure is being maintained
at the desired value. A switch 190 is closable by
the solenoid coil 182. A main switch 194 con-

nects the battery 196 or other source of electric -

current to the system.
The operation of the system is substantially
‘as follows:

Operation.

Let it be assumed that the engine together with
_the entire fuel system has been at rest long
enough to allow the pressure at the carburetor
- 14 to drop low enough to cause the pressure re-
sponsive switch 56 to close as seen in the draw-
ing, and that the fuel cock pointer 28 is at the
. Off position and the main manual switch {94
is open as shown.

... By closing the switch {94 current will be supplied .,

;.66

80

.86

10

75

8

by way of the now closed fuel pressure responsive
switch 56 to the relay coil 192 thereby closing
the switch 190 through which an electric current
is directed to the motor 50 which pumps fo the
discharge side of the engine pump 12 and to the
carburetor {4 and the pressure responsive switch
56. .Switch 56, however, remains closed because
the relief valve of the pump 50 is set at twelve 1bs.
pressure while thirteen and one-half 1bs. pressure
is required to open the switch 56. -

While this twelve lbs. pressure is being main-
tained, the engine may be started in the usual
manner. When the engine starts, the engine
pump cannot instantly obtain fuel because the
selector cock is on the Off positicn. In a matter
of several seconds, however, the engine oil pres-
sure becomes high enough to close the oil pressure
switch 170 whereupon electric current reaches the
selector cock operating motor 15f and the solenoid
coil 158 simultaneously, thereby engaging the
cluteh 162 and rotating the shaft 112 to turn the
selector cock pointer 55 anticlockwise. When the
pointer .reaches the B position, the suction side
of the engine pump (2 is hydraulically connected
to the bottom of the drop tank 20 and may there-
fore increase the pressure at the carburetor from
twelve to fifteen lbs., which will open the fuel
pressure sensitive switch 56 and thereby stop the
selector cock motor 151, disengage the clutch 162
and open the switch 180 to stop the motor 54 of

. the pump 5§0. Thereafter the fuel cock pointer 28

will remain at station B until the drop tank 20
has been pumped empty by the engine pump-12.
““When the drop tank 20 is empty, air will be
drawn therefrom by the engine pump 12 and dis-
charged into the pipe 58 whereupon the pressure
responsive switch 56 will close again and electric
current will be directed simultaneously through
the switch (88 to the motor 54 of the pump 50,
through the selector eock motor {81 and through
the solenoid coil 158 to engage the clutch 162 to
move the fuel cock pointer 28 from station B te
station L.

Between the time the selector cock leaves the
station B and the time it reaches the station L,
the suction side of the engine pump is discon-
nected from all fuel sources, and cannot there-
fore build up pressure to open the pressure sensi-
tive switch 56, so that the pump 58 must continue
“to provide the twelve pounds pressure at the car-
pburetor intake all the while the selector cock
motor 151 is turning the pointer from station B
to I.. It is noted, however, that there is a possi-
bility that the pressure at the pressure sensitive
switch 56 might be built to fifteen lbs., and the
-switeh opened while the pointer was intermediate
the stations B and L and the selector cock motor
thereby stopped short of its objective. Such a
condition could develop if the relief valve in the
‘motor pump 50 should stick slightly for several
-seconds only and build the carburetor pressure
to fifteen instead of twelve pounds while the
pointer 28 was moving and was intermediate two
stations. In such an event, however, the time
.delay switch 118 would function to prevent stop-
-ping between stations, for it will be seen that, as
soon as the pointer 28 moves several degrees away
from any station, the time delay switch 118 is
‘closed and does not open again until the pointer
is within several degrees from the next station.
It is further noted that while the selector cock
motor 5§ is started by current received through
a closed pressure responsive switch 56 upon pres-
_sure failure therein, it is kept operative until the
- next station is reached irrespective of whether the
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pressure. is built up and the.switch.56 opened or
not, Because the time delay switeh receives cur-
rent directly from the battery -and. directs-it
through the switch. I'65 to the selector cock-motor
151 .and to the solenoid-coil 158 which closes the
switch 165 as well asengages: the ‘clutch 162.
Obviously then; when the pointer-once leaves a
station it cannot stop ‘short of the next station.
The cycle of operations which- shifted the selector
cock from B to L upon the drop tank 29‘becoming
empty .is repeated to shift it from'E to-Riwhen
the drop tank 22 becomes -empty, and is-again
repeated to shift from Rito A when the drop tank
24 becomes empty. The mechanism-whereby the
three drop tanks 20,.22-and' 24 are now released
and discarded is not shown.

It is noted that up to ‘this-point: Tuel has Heen
taken only from-the drop-tanks; and that'it came
from the tanks directly to the intake side of the

engine pump-without the assistance of z booster 9

pump. This procedure s quite:satisfaetory since
flying during- this-period-is for: the ‘most-part at
low altitude. However, ‘it it ‘becomes ‘netessary
to go to a relatively higher altitude while the drop
tanks have not yet been-emptied, resort-is'had to

pressurizing the drop-tanks: by-the ‘motor driven -

air pump 14 which is-used also at-low-altitudes
under certain conditions’ hereinafter:to be- de-
seribed. The air pressure regulator 88 may be set
to-zero when it-is-undesirable to pressurize the
drop tanks.
emptied, and station A is reached by the-selector
cock' pointer 28; hydraulic: connection is made
from the permanent auxiliary ‘tank 18" through
the Booster pump 42, whereby fuel from the tank
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However, when thevdrop tanks-are -
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18 reaches the suction side-of'the-engine pump-at °

g considerably increased pressure.

Coincidentglly with the mgking- of “hydraulic
connection from the auxiliary tank i8-through
the booster pump 42 and station A of the se-
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lector cock 26, the cam 22 closes the switeh- A #§

and provides current to the Booster: pump motor
44 throughout the emptying of the guxiliary-tank
18. “When the-auxiliary tank #8 is-empty the
same’ failure of pressure gt the pressure respon-

sive switch 56" moves the selector-coek-pointer-28 -

from. station A to station:M, whereby the cam: 122
opens the switch A and the cam: 124 closes the
switch M.

The closing of* the switch: M “brings current

from the battery 136 to-thie motor 54 of the pump

50 irrespective of whether the-pressure respon-
sive switch 56, the relay -switch 190, or the: oil
pressure switch (T0 are- open-or-closed; whereby
the pump 50 will act as @ booster pump and draw

fuel from the main tank’ (6-and deliver it to the "

suction side of the engine pump 12 until' the
Tevel of the fuel' drops below the line 19, where-
.upon. the float operated switch {10 will' close-and
Iight. the warning signal 10.

. Current may now-reach the selector-cock op~'

erating motor 151" for rotating the selector cock
26 through the float switech 110 and the fully
closed oil pressure switch 710, and will- rotate the
selector cock anticlockwise. ~During movement

‘hetween stations the flow of fuel past the fuel”

-cock 26 to the suction side of ‘the engine pump
-is. of course. interrupted,..and the pressure re-
-sponsive switch 56. closes: momentarily: between
each station. When the pointer- passes Re the
suction side of the engine pump may momen-
tarily get fuel from. the reserve [T and will there-
fore open the pressure responsive switeh 56 which
normally controls the selector cock motor i5i1.
“Bub this time the opening of the switch- 56 -will
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not stop the motor i51 for it is now receiving
current’ independently of the switch 56 through
the reserve: float switch (10.

Now inasmuch as, in the operation of the sys-
tem above described, all other tanks were emptied
before connection was made to the reserve sup-
ply 17, the selector cock will confinue to rotate
round and round. until the operator observes
that the warning light continues to be lit.  He
then manually operates the handles 180 and. 182
of the oil pressure. switch 110 so as to withdraw
the contact. members (16 and {78, whereupon no
electrical connection will exist to the selector
motor. {51. The operator may now manually
place the selector. pomter 28 oh station Re where-
upon current will flow from the battery. through
the cam operated: switch Re to energize the coil
192 and close the switch 190 whereupon. current
will flow to the motor 54 of pump 50 and fuel will
be pumped from the reserve 1T to the suction side
of the engine pump 2.

In-the foregoing description of the operation of
subject fuel system. ‘it was assumed: that at the
start the pointer 23 was at the Off station and
that the entire system was permitted to func-
tion. autematically thereby emptying the tanks
in their normal anticlockwise. sequence. It may
happen, however, that the pointer may have been
inadvertently or intentionally placed at a differ-
ent station, as for example on station A.

The carburetor may now be primed, if neces-
sary, by means of the pump 50 as hereinbefore
described. When the engine is started, the fuel
pressure sensitive switch 56 will. still be closed
whereby. the selector cock motor will attempt to
rotate the selector cock away from the A station,
but before it can move it as. much. as the several

-degrees neeessary to. close the delaying switch
148, the engine pump will have raised the pres-
sure-at the carburetor enough to .open the pres-
-sure -sensitive switch.-86, after which fuel will
be taken. from- the auxiliary tank 18 through the

station. A until this tank is empty.
The: closing-of the pressure,sensitive. switch 56

-due-to: this. empty tank condition will start. the

selector motor 151 which will. move. the pointer

28 to station- M, whereby it -may take fuel .from

main tank 6 dewn.to the line {9 whereupon. the

“fioat-switch: 110 is.closed and will therefore oper-
‘ate in conjunction with the. fully.clesed oil pres-

sure-operated- switch 110-to.maintain. connection
to:the-selector motor 151 independently of the

‘pressure sensitive-switeh. 56.

The: selector coek will therefore. rotate anti-
clockwise round: and round until: the-pilot observes
the continued operation of the-signal T0- where-

-upon: he-may: operate -the -handle.:188. of . the.oil
“pressureswitch 119 thereby withdrawing the-con-
60"

tact (T6:-from -the contact: 112, and: the pointer
will stop, except that because of the cam: switeh

“C, it cannot stop on station M; Re-or Off, and be-

cause of the time delay switech i€ 11; cannot stop .

‘hetween stations.

If the pilot now stops rotation of the selector

‘with the pointer: at: station B, he may-use: all:of

the fuel in the three drop tanks:without further

~change’ of stations after which the-warning:light

10 will indicate to him that he should-now: shift

Yo station:Re and use the-reserve.supply 1.

If the pilot desires, he may operdte the system
by opening ‘the oil pressure switelr 170 so as to

" eliminate the-selector motor ‘51 altogether, then
.open: the valve 31 and: set the pointer-at station
‘A and’ use the fuel from: auxiliary tank: (8" first,
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then when the warning light 70 indicates an
empty tank, shift the selector cock manually to
station M. The booster pump 50 will act as an
emergency pump to pump fo the discharge side
of the engine pump and thereby maintain pres-
sure at the carburetor until the shift has been
made, whereupon the signal light 78 will go out
and the pressure sensitive switch 56 will open.

-Opening of the pressure sensitive switch 56,
however, does not stop the motor 54 of the pump
50 for the reason that the motor 54 now receives
current by way of the cam operated switch M.
The. pump 50 therefore now takes fuel from the
main tank 16, pumps it through the pipe 46
through the selector cock 26, pipes 30 and 33 to
the suction side of .the engine pump {2 which in
turn -raises the pressure still further at the
carburetor. Since the drop tanks are pressurized
and the hand valve 31 is open, the entire re-
maining supply of fuel will pass from the drop
tanks through the main tank and from the main
tank to the suction side of the engine pump, the
float valve 106 in the meantime preventing in-
flow into the tank i6 faster than it is being used
therefrom,

Still another procedure in operating the system
may be carried out as follows:

. By placing  the selector cock on station A,
opening the hand valve 31 and the oil pressure
responsive switch 1710, the fuel in the auxiliary
tank 18 will first be pumped to the suction side
of the engine pump, the engine pump raising it
to a slightly higher pressure at the carburetor.
When tank 18 is empty, the pressure sensitive
switch 56 will close, which will coincidentally
close the switch 190 whereby current will be di-
rected to the motor 54 of the pump 50.

Now the pump 50 cannot pump through pipe

46 because the selector cock is on station A, so-

it pumps to the discharge side of the engine
pump through pipe 53. Since the drop tanks are
pressurized and the hand valve 31 is open, the
.entire fuel supply is used with the single setting
_on station A. Tt is noted that with this method
"of operation the engine pump is used only while
the auxiliary tank 18 is being pumped out.

Having described my invention and several
ways in which it may be operated, I claim:

1. In an aireraft fuel system a plurality of fuel
tanks, a fuel pump, a selector cock having a sta-
“tion for each tank, adapted for connecting the re-
spective tanks one at a time to the suction side of
said pump, electric power means for rotating
said selector cock from one station to the next,
a pressure sensitive device at the discharge side
“of said pump adapted for directing an electric
eurrent to said electric power means for rotating
said electric power means to rofate said selector

" cock away from any station when the pressure at
said discharge side drops due to said station
having said suction side connected to an empty
tank, and a float operated switch means in one
of said tanks adapted when the fuel in said tank
falls below a predetermined level to direct an

" electric current to said electric power means to

»sta',rt said electric power means irrespective of

. said pressure sensitive device to rotate said

- selector cock.

2. In an aireraft fuel system a plurality of fuel
‘tanks, a fuel pump,-a selector cock having a sta-
tion for each tank adapted for connecting the

- respective tanks one at a time to the suction side
of said pump, eleciric power means for rotating
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said selector cock from one station to the next, a - el syste ' 1
76 a tank selector cock having a station for each

pressure sensitive switch at the discharge side of

o . 12 o

said pump adapted for directing an electric cur-
rent to said electric power means for rotating
said electric power means to rotate said selector
cock away from any station when the pressure at
said discharge side drops due to said station
having said suction side connected to an empty
tank, and a float operated switch in one of said
tanks adapted when the fuel in said tank falls to
a predetermined level to direct an electric cur-
rent to said electric power means to operate said
electric power means irrespective of said pres-
sure sensitive device to rotate said selector cock.

3. In an aircraft fuel system a plurality of fuel
tanks, a fuel pump, a selector cock having a sta-
tion for each tank adapted for connecting the
respective tanks one at a time to the suction side
of said pump, power operated means for rotating
said selector cock from one station fo the next,
a pressure sensitive device at the discharge side
of said pump adapted for connecting a source of
power to said power operated means for rotating
said power operated means to rotate said selector
cock away from .any station when the pressure
at said discharge side .drops due to. said station
having said suction side connected to an empty
tank, and a float operated means in one of said
tanks adapted when the fuel in said tank falls to
a predetermined level to apply said source of
power to said power operated means to thereby
start said power operated means, irrespective of
said pressure sensitive  device, to rotate said
selector cock, a cam operated means rotatable in
coincidence with said selector cock and having
operating surfaces adapted- when operative to
stop rotation of said.selector cock at a pre-
determined series of stations only, and a manual
means for making said cam overated means
effeetive. AT .

4. In an aireraft fuel system a plurality of fuel
tanks, a fuel pump, a selector cock having a sta-

tion for each tank adapted for connecting the

respective tanks one at a time to the suction side
of said pump, electric power means for rotating
said selector cock from one station to the next, a
pressure sensitive switch at the discharge side of
said pump - adapied - for directing an electric
current to said electric power means for rotating .
said electric power means to rotate said selector
cock away from any station when the pressure at
said discharge side drops due to szid station
having said suction side -connected to an empty
tank, and a float operated electric switch in one
of said tanks adapted when the fuel in said tank
falls to o predetermined level to direct an elec~
tric current to said. electric power means to
operate said electric power means, Jirrespective
of said pressure sensitive device, to rotate said
selector cock, electrically conductive means ex-
tending from said -pressure sensitive electric
switch and. said float operated electric switch to
said electric power means, a cam rotatable by
said selector cock, said cam having operating
surfaces corresponding to a selected series of sta-
tions on said selector cock, an electric switch
actuated by said operating surfaces, and a
manually operable switch means operative to
open the direct circuit extending from the fuel
pressure sensitive switch and the float operated
electric switch to said electric power means, and
operative. to.complete a circuit trrough said cam
operated switch in series, whereby said selector
cock will stop only at the stations of said selected
series. . . . . ’
5. In a fuel system having a plurality of tanks,
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tank, a fuel pressure pump, an-electric motor for
rotating said selector cock: from one station to
the next, a pressure sensitive switch operative to
close and to direct current to said motor when
said selector cock has said pump connected to an
empty tank, a delaying switch operative to open
when said selector cock is turned to any station
and to be closed when it is moving from any
station to the next, a clutch for drivably con-
necting said selector cock to said motor, a mag-
netically operable switch, electromagnetic means
for coincidentally engaging said clutch and clos-
ing said switch and conductors forming a series
circuit through said pressure sensitive switch and

said delaying switch, or through said electromag- -

netic operable switch and said delaying switch
when said pressure sensitive switch is open.

6. The structure defined in claim 5 with a
manual means for rotating said selector cock,
a torque sensitive coupling the driving and driven
parts of which are rotatably yieldable to the ap-
plication of opposite torques thereto interposed
between said manual means and said selector
cock, a torque sensitive electric switch openable
by the yielding of said coupling upon application
of a torque to said manual means, and conducting
lines extending to said electromagunetic means
openable by said torgue sensitive switch whereby
manual operation of said selector cock disen-
gages said electromagnetic means and thereby
disengages said clutch.

7. In an aircraft fuel system, a plurality of fuel
tanks, a fuel pump, a rotatable seclector cock
having a station for each tank adapted for con-
necting the respsctive tanks one at a time to the
suction side of said pump, an electric motor for
rotating said selector cock from one station to
the next, a fuel pressure operated electric switch
at the discharge side of said pump closable for
conveying an electric current to said motor for
rotating said selector cock away from any station
when the pressure at the discharge side drops
due to said station having said suction side con-
nected to an empty tank, a float operated electric
switch associated with one of said tanks closable
for conveying an electric current to said motor
independently of said fuel pressure sensitive
switch for rotating said motor when the fuel in
said tank falls below a predetermined level, an
oil pressure operated electric switch, normally
closed when said engine is in operation for di-
recting current so said electric motor and a cam
operated electric switch including an operating
cam on said rotatable selector cock, said cam
having switch closing lobes at a preselected part
of its periphery, parallel electrical conductors ex-
tending from a current source through said fuel
pressure operated electric switch and said float
operated electric switch joined into a single con-
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ductor which exfends through said oil pressure
operated electric switch to said motor, a branch
circuit extending from said oil pressure operated
electric switch through said cam operated elec-
tric switch to said motor, and manually cperable
means associated with said oil pressure operated
electric switch for opening the circuit through
the said single conductor and completing a cir=
cuit through said cam operated switch.

8. In the old combination of a device including
a shaft and actuating means for rotating said
shaft manually or by power, an improvement in
the actuating means which comprises a rotatable
switch support fast on said shait, an electric
switch on said support, a switch spring for main-
taining said switch in closed position, a power
rotated member, a manually rotatable member,
a cam on said manually rotatable member ad-
Jacent said switch, operative upon either a gain
or a loss of rotative movement of the manual
means with respect to the switich support to open
said switch against the resistance of said switch
spring, means to limit to part of a turn the
degree of rotative movement of the cam with re-
spect to the switch support, a clutch part on the
manually rotatable member, a complementary
clutch part on  the power driven member, a
clutch. disengaging spring, and an electromag-
netic device for engaging said clutch parts de-
energized by the opening of said switch by opera-
tion of said manual means to allow said clutch
disengaging spring to disengage said cluteh parts
for manual operation.

DAVID SAMIRAN.
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