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9 Claims.

This invention relates to improvements in con-
trolling devices, more particularly for fuel pumps
of internal combustion engines.

Especlally in aircraft engines the fuel supply
depends on several factors of motor operation,
on the air density within the induction pipe and

on the exhaust counterpressure which naturally

varies in dependence on the altitude at which the
aircraft is flying.

The object of the invention is to provide a
simple and reliable controlling device by means
of which the fuel quantity delivered by the pump
is controlled automatically in dependence on the
different factors as functions of engine opera-
tion.

A further object of the invention is to facili-
tate the adjustment of the controlling device and
to promote reliable operation, _

The invention and its aims and objects will be
readily understood from the following descrip-
tion of an embodiment in which reference is made
to the drawing in which

Fig. 1 is a diagrammatic plan view of the con-
trolling device;

Fig. 2 is a sectional view of the device.

In the embodiment shown, the controlling de-
vice comprises 8 casing { in which is arranged a
fluid pressure relay 2, e. g. a sliding valve, as well
as the servo-motor 3. A chamber 5§ for & capsule
or bellows system 6§ communicates with the in-
duction pipe of the combustion engine (not
shown) through an opening 7. The capsule sys-
tem € comprises a number of single capsules or
diaphragms 6, 8’, 6’’. Each confains & certain
volume of gas of a predetermined density. If the
density of dir in the chamber §, i. e. in the In-
duction pipe of the motor decreases, then the
capsules 8, 8°, 6”’, expand, thereby displacing the
slide valve 2, by means of a pin 8, extending
through a wall 4 and a lever 9 linked at 8’ to the
valve 2. By a downward movement of the pin 8
the lever 8 is moved clockwise, resulting in a
downward displacement of the valve 2, thereby
allowing in a well known manner the passage
of a pressure fluid, e. g. oil, to the left side of
the servo-motor so that its piston {2 will be moved
to the right. To the piston rod 13 is connected
an adjusting member 32 in & manner herein-
after more fully explained, this adjusting mem-
ber being adapted in a well known manner to
vary the effective stroke of the fuel pump 117,
thereby varying the quantity of fuel fed to the
motor,

When adjusting the effective stroke of the fuel
pump by means of the member 32, & restoring
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action is exertéd at the same time on the valve 2.
The piston rod {3 is provided with a toothed rack
{4 engaging a pinion 5 fastened to a cam-disc
(6, rotatably mounted in the casing {. One end
of the lever 9 rests on said disc as shown in
Fig. 2 so that upon each rotation of the disc
corresponding to the movement of the piston rod,
this end of the lever 9 will be displaced upwardly
or downwardly. In the case above mentioned in
which the piston rod moves to the right, the disc
will be rotated clockwise so that corresponding to
the curve of the disc, the lever 8 will be swung
counter-clockwise around a pivot-point repre-
sented by the pin 8. In this case the valve. 2 is

" pushed upwardly into its middle or neutral posi-

tion by means of a spring {l. Obviously, the
valve will be restored by a downward movement
in case of a left-hand movement of the servo-
motor piston 12. e

From the foregoing explanation it follows that
the stroke of the piston depends not oniy on the
capsule stroke, but also on the restoring in-
fluence, i. e. on the form given to the cam-disc
16. 'Therefore, by the choice of the.curve it is
possible to achieve a stroke of the piston 12 and
the adjusting member 32 which corresponds to
the fuel quantity needed by the motor for any
existing air density.

The dependency of the quantity of fuel on the
air density is different for each type of motor,
each motor type having a certain characteristic
with reference to the most favourable fuel con-
sumption.

The entire controlling device may be easily
adapted to the special motor characteristic by
changing the form of the cam 16. For this reason
it-may be advisable to arrange the cam {6 in
a manner so” that it may be exchanged. Fur-
thermore, it is possible to arrange several cams
side by side so that any cam may be set into .
operation by an axial displacement of the entire
cam body. .

In view of the fact that the form of the cam
is essential for an exact control of the fuel sup-
ply in accordance with the motor characteristic,
it is desirable to have & long cam surface which—
as experience has taught—may be manufactured
with greater exactness than a short one. For
this reason according to the invention the cus-
tomary restoring cam directly fastened to the
piston rod is replaced by a rotary cam disc hav- .
ing a long cam path which in spite of its length
may be arranged within the smallest space.

With reference to the restoring operation as ex-
plained above the advaniage is to be noted that
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the distance between the point of engagement
of the cam {8 and the lever & and iis pivei axis
9’ is msaterially greater than the distance between
the point of engagement of the cepsule sysiem 6
and lever § from its pivet axis §°. Therefore, the.
point of engagement of the cam 6 and lever §
has g greater stroke than the point of engage-
ment of the capsule system 8§ and lever 9, thereby
increasing the exactness of the controlling opera-
tion.

If it is desired o control the fuel supply not
only in accordance with the air density in the in-
duction pipe, but also in accordance with the ex-
haust counter pressure, the temperature of the
exhaust gases, the percentage of carbon-oxide of
said gases and zny other factors or functions of
engine opesration, according to the invention,
these additionszl conirclilng movements may be
transmitted to the capsule system 6 in such a
menner thaj this system is displaced as a whole
Indevendently of the existing air density. For
shis purpose the capsule system 8§ is not fixedly
attached %o said casing 1, but i{s supported by
means of adjusting members adapted to be ad-
justed by the corresponding additional controlling
iactor and to displace the capsule system as a
whole, thereby transmitiing the additional con-
trolling movement to the lever 9 and to the ad-
justing member 32 of the fuel pump in the manner
above explained.

As adjusting members for the additional con-
trolling movements, there sre provided in the
embodiment shown two screw rings £8 and 19, the
outer ring {8 being screw threaded into the
casing 1, while the Inner ring {8 is screw tlireaded
into the outer ring. Into the inner ring {9 by
means of & thread of a different or opposite pitch
than the first screw thread is screw thresded 8
‘supporting member supporting the capsule sys-
tem 6 Ly means of 8 thread of s different or
opposite pitch to the second screw thread. Each
of the screw rings may be independently rotated
by means of arms {§ and !8’, respectively.
Furthermore, the supporiing member 28 may
likewise be rotated by means of an arm 20’. Any
rvotation of the ring {8 or 19 or of the supporiing
member 28 results in & vertical displacement of
the entire capsule system 8.

As indicated schemeatically in Fig. 1, the arms
187, 19’ and 28’ are connected in any convenient
meanner with the corresponding control devices
27, 22, 23, respectively which are responsive to
varfous functions of engine operstion. The cen-
trol device €1, e. g. may be responsive toc the
temperature of the exhaust gases (in the exhaust
conduit of the motor).

The inner end of the supporting member 20
forms with the upper capsule 8’ & chamber 24
which communicates with the atmosphere so that
atmospheric pressure exists in this chamber and
any change in sald pressure influences the capsule
system B. By reason of this additional chamber
in front of the capsule system 6 being in com-
munication with the atrnosphere there is ob-
tained a correction for the variation in exhaust
back pressure with any change in altitude.

It is to be noted thet the controliing device ac-
cording to the invention permits controlling tha
fuel supply in accordance with =& plurality of
individual factors or functions of engine opera-
tlon without the necessity of providing for each
factor a special controlling device.

As explained above the chamber § communi-
cates with the induction »ipe of the motor
through an opening 1. The capsule system 8 in
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sald chamber is provided fto control the servo-
motor § in accordance with the air density in the
induction pipe. As is well known, the sir density
is a function of the temperature; therefore, it s
important that the air in the chamber § sur-
rounding the capsule system € is caused to have
the same temperature as the air in the induction
pips by permitting & small amount of alr to
enter the chamber 5 by any suitable means., For
this purpose, means are further provided to pro-
tect the air in the chamber 5 against any heating
from outside as e, g. from the heat radiated by
the motor cylinders.

In the embodiment shown the casing wall of the
chamber § is provided with a heat-insulating
layer or lining 25, e. g. & rubber layer having, if
desired & good reflecting coating of, for example,
aluminum bronze. Besides this another heat-
insulating layer 2§ is provided to prevent 2 trans-
mission of heat from the wall of the ¢ ~ing ¢ to
the adjusting members {8, 19, 20 of tL_ capsule
system 6. Likewise the wall 4 may be of heat
insulating material such as, moulding material
having a fabric insertion so as to act at the same
time as a shock absorber or vibration dampen.

In many cases it may be desired to vary the
length of the connecting rod between the piston
12 of the servo-motor and the adjusting member
32 of the fuel pump 1. Therefore, according to
the invention, a turn buckle 27 is inserted in said
controlling rod, said {urm buckle having in a well-
known manner & left-hand screw and a right-
rand screw so that upon rotation of the buckle
in one direction the connecting rod is shortened
and upon rotation in opposite direction the con-
necting rod will be lengthened. The buckle %7
may be rotated automatically during the con-
trolling operation of the controlling device io
vary the effective length of the connecting rod
by any controlling device responsive to some ad-
ditional function of engine operation which is to
be taken into consideration.

In case of such an automatic conirg! of the
effective length of said controlling rod the turn
buckie 27 is provided with teeth 22 ir the manner
of & gear, sald teeth extending axlally over the
entire length of the buckle. (See Fig.2.) 281isa
worm or spur gear rotatably mounted in the cas-
ing | and meshing with the teeth 28, so that,
upon rotation of the worm, the buckle 27 will
also be rotated. To the axis of the worm 29 is
fast>ned an arm 30 which may be connected
in any suitable manner with an additional con-
troiling device, schematically shown at 3f. If
the piston rod 13 is displaced by the piston i2
In the manner described, the teeth 28 of the
buckle 27 slide in the worm 29 without any rota-
tion of the buckle 27. On the other hand in spite
of a longitudinal displacement, the buckle 27 may
at anv time be rotated by rotation of the worm
28. The device 31 may be adjusted in accordance
with the (B. t. u.) heat content of the fuel per
quantity unit, in accordance with the speed of
the engine or of any other factor.

If for any reason the controlling device fails
to operate, it is desirable that the pilot inay be
able to manually actuate the adjusting raember
22 of the fuel pump 7. As long as the member
32 is rigidly connected with the piston 12 of the
servo-motor, the manual operation demands
great exertion of strength. For this reason it is
advisable to provide means by which the connec-
tion between the adjusting member 32 and the
piston {2 may at any time be broken.

In the embodiment shown this means comprises



& yleldable fork 38 frictionally engaging a ball
34 fixed to one end of the rod connected to the

2,345,663

piston rod 13 by means of the above mentioned

turn buckle 21. In case of need the shanks or
limbs of the fork 33 may be easily released out
of thelr engaging relation with the ball 34.

The present invention is not restricted to the

particular embodiment shown and described.

Instead of a hydraulic relay & pneumatic or elec- -

tric relay may be used without departing from’
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the spirit of the invention as defined in the -

appended claims,
What I claim is:

1. A controlling device for the fuel supply

means of internal combustion engines, compris-

ing & casing divided into two parts by a wall.

15

forming an insulated chamber in one part, a

bellows system- provided in the insulated part

of the casing and forming & pressure responsive .

device, & pilot ‘valve in the other part of the

casing, a piston in the other part of the casing.

controlled by said pilot valve, a rod connected
to the piston and extending through the casing
to the fuel supply means, means extending from
the insulated part of the casing for transferring
the movement ‘of the bellows system to the pilot
valve, and a cam in the other part of the casing
operatively connected to the transfer means to
return the pilot valve by the transfer means to
its initial position after a displacement of the
piston due to & movement of the bellows system.

2. A controlling device according to claim 1,
in which an independently adjustable device is
provided in the rod, and means are provided to
operate the adjustable device in dependence upon
& function of the engine operation such as-the
temperature of the exhaust gases, the back pres-
sure of the exhaust gases and the composition
of the exhaust gages. . .

3. A controlling device according to claim 1,
in which means are provided in the form of a
supporting member in the insulated chamber for
suspending the bellows system in said insulating
chamber, and in which means are provided in
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the casing to adjust the position of the supportf

ing member relative to the transfer means,

4. A controlling device for the fuel supply
means of internal combustion engines, compris-
ing an element for adjusting.the fue! amount
delivered to said engine, a servo-motor opera-
tively connected to said element, a valve con-
nected to control said servo-motor, and & pres-
sure responsive system connected to act upon
sald valve, said system including a bellows re~
sponsive o air intake pressure and temperature,
and means forming & chamber connected to the
atmosphere, said bellows being arranged so that-
the end thereof opposite to the valve connection
constitutes a flexible end wall of said chamber.

5. A device according to claim 4, in which said
chamber is provided with a rigid wall serving
as a mounting for the bellows,

6. A device as claimed in claim 4, in which
means are provided for displacing sald bellows
and said chamber as a whole in response to any
additional function of engine operation such as
the temperature of the exhaust gases, the back
pressure of the exhaust gases and the composi-
tion of the exhaust gases.

7. A device a8 claimed in claim 4, including a
tube which is connected to the outer wall of
sald additional chamber and an external hous-
ing enclosing said bellows and said chamber, said
tube being axially adjustable in said housing.

8. A device as claimed in claim 4, including a
screw-threaded tube connected to the outer wall
of sald chamber and an external housing en-
closing said bellows and said chamber, said tube
being screw threaded into said bousing for ad-
justment thereof. ’

9. A device as claimed in claim 4, including
& carrier for the pressure responsive system, an
external housing for enclosing said system and
separately adjustable control members responsive
to further functions of engine operation and dis-
posed between the carrier and said external hous-
ing, said control members arranged to support

EWALD BECKER.

T,




