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This invention relates to governors and par-
ticularly to governors for the fuel injection
mechanism of internal combustion engines. The
invention is an improvement on the apparatus
invented by Franz Neugebauer and myself as dis-
closed in United -States application for Letters
Patent Serial No. 181,292, filed December 23, 1937.

The primary object of the invention is to pro-
vide a governor which is responsive in different
respects to different variable conditions of opera-
tion of the engine.

A structure has previously been known in which

the rate or quantity of injection of a fuel injec-
tion mechanism has been varied in accordance
with some physical value which varies during
the operation of the engine, as, for instance, the
suction in the intake manifold, which of course
varies with the load on the engine. In addition,
means have been provided for adjusting the ratio
of such regulation, such adjusting means hav-
ing been operated manually. ,

It has now been found that in many cases
other physical values which vary during the
operation of the engine must be taken into con-
sideration in controlling the fuel injection
mechanism. Such values may be, for example,

Fig. 1a shows a modification of a portion of
the structure of Fig. 1; and o ,
Figs. 2, 3 and 4 show, respectively, other modi-

" fled forms of the invention.

As shown in Fig. 1, the mechanism is intended
to control the position of the control rod 10 of a
conventional fuel injection mechanism 20, such

. as an ordinary fuel pump. This rod is guided

10

in & fixed guide 9 to slide longitudinally therein.

The position of the control rod 10 is accom-
plished from a rod 2 slidable in fixed guides.3
and 4. Rod 2 is connected to a control mecha-
nism |, including a piston 2! with which rod 2

- Is rigidly connected, & coil spring 22 urging the

15

20

Diston to the right, and a pipe 23 which may lead,
for instance, to the intake manifold of the engine.
It is obvious that variations in the intake pres-
sure will vary the position of piston 21 and there-
by of rod 2. .

Rods 2 and 10 are connected by a lever having
two arms 6, 6a to which they are pivoted at §
and 8, respectively. The center portion of the

- lever 6, 6a is slidably supported in a sleeve 11,

25

the speed of the engine, the temperature, the .=

atmospheric pressure, the latter being particu-
larly important in the case of aircraft engines

which operate at rapidly changing altitudes. A

primary object of the invention is to provide a
mechanism which automatically utilizes varia-
tions in one or more of these physical values to
vary the rate, period or time of injection of the
pump. o _

Particularly, the object of the invention is to
provide such a device in which one of the physical
values operates to vary the fuel pump setting,
while the other physical value operates to vary
the ratio of transmission with which the force
developed by the first value acts on the fuel
pump. . v

A further object of the invention is to pro-
vide a servo-motor for inereasing the power ex-
erted by the second physical value, to vary the
transmission ratio.” ¢ .-

Further objects and advantages of the inven-
tion will appear more fully from the following
description, particularly when taken in conjunc-
tion with the accompanying drawings which form
a part thereof. :

In the drawings: )

Fig. 1 shows in side elevation a mechanism em-
bodying the invention; :
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" end to the movable

. ernor 119 mounted
45

50

mounted on g pivot T which
of the lever.

The length of rod 2 may be adjusted by a
turnbuckle mechanism 18,

Such a construction has been previously sug-
gested, in which the pivot 7 is fixed or is adjust-
able manually. It has been found, however, that
it is desirable to bring into play certain other
values which vary during the operation of the
engine, and to utilize these values also for con-
trolling the fuel bump. It has further been
found that these values may conveniently be
used, not to act directly on one of the rods 2 and
10, but instead to shift the position of pivot 1
and thereby to vary the ratio of transmission be-
tween the rod 2 and the rod 0. ‘

To accomplish this result pivot 7 is mounted
on the end of a rod {2 slidably mounted in fixed
guides 13, 13a. Rod 12 is connected at its other
member (17 of a ball gov-
on a shaft driven by the

forms the fulerum

engine, - .
The operation of this mechanism is as follows:
As the speed of the engine varies, the position

of balls 119 will vary and the rod 2 will be

shifted up or down, thus changing the position
of pivot 1. This varies the relative leverage of
the arms 6 and 6a, and thus varies the move-
ment imparted to the rod 10'by any given move-
ment of the piston 21 and rod 2. At the same
time, if the rod 2 remains stationary, movement
of pivot T.will. of course cause a corresponding
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movement of the rod 10. Thus the speed of the
engine as well as the load enters into the con-
trol of the fuel pump 20. .

Fig. 1a shows a modified form of connection
between the governor 18 and the rod i2, to pro-
duce an amplification of the power of the gov-
ernor. In this modification, the movable member

111 of the governor carries a rod 25 pivoted to
a sleeve 138 slidable on a lever 26. Lever 26 is
pivoted at 129, and its other end is pivotally con-
nected through & sleeve 128 to rod 2. It is ob-
vious that as long as the lever arm between pivot
129' an. rod 25 is greater than the lever arm
between pivot §29 and rod (2, & mechanical ad-
vantage is produced for the governor 119. Clearly
this advantage can be increased by further in-
creasing the length of the first named arm over
the second named arm,

Fig. 2 shows a modified form. In this construc-
tion, rod {2 is not of fixed length, but means are
provided for adjusting its length, which may be
desirable under certain conditions. For this pur-
pose, the rod is provided with the threaded por-
tions 122 and 123 connected by a threaded sleeve
{21, the whole structure constituting & turnbuckle
by which the length of the rod may be modified.
In this structure, rod 2 is of invariable length.

_ 1In the form of the invention shown in Fig. 3,
two variable physical values are simultaneously
taken into account in determining the position
of pivot 1. This form differs from Fig. 3 in that
between the lower end of rod 12 and the movable
member (11 of the governor there is inserted a
bellows device i24, containing a gas or fluid under
a predetermined pressure. It is obvious that by

suitable construction of the member. 124 its effec- -

tive length will vary, either as a function of the
atmospheric pressuré or as a function of the at-
mospheric temperature as desired. Thus both
the speed of the engine and the pressure, or tem-
perature, may be taken into account in control-
ling the fuel feed mechanism.

In some instances, the power exerted by the
ball governor or by any other control device may
pe insufficient to shift the pivot 1. In such a case
the mechanism shown in Fig. 4 may be used.
This includes the use of a servo-motor to control
the position of pivet 7. Rod {2 is connected to
a piston 126 movable in a cylinder 21, supplied
by pipes 28 from a valve chamber 29. A control
valve 12§ is slidable in the chamber 29, and is
connected, for example, to’ the .barometric cap-
sule 124. Fluid under pressure is supplied to
the valve chamber 28 by a pump 127 from a suit-
able reservoir 38, Return fluid flows through
pipe 31 back to the reservoir. A pressure relief
valve 32 may be provided between the feed pipe
33 from pump 27 to valve chamber {29 and the
return pipe 31.

The operation of this latter device should be 60

evident. Varation in atmospheric pressure will
cause & change in the effective length of the
pbarometric device 124, which will shift valve 125
in one direction or the other. This will permit
the flow of fluid under pressure to one side or
the other of the piston 128, and will thereby shift
the rod 12. The fluid from the other side of the
piston will of course return to the reservoir
through pipe 81. Although by the operation of
this mechanism, the piston 126 will be fully dis-
placed in one direction or the other so that pivot
1 is not adjustable to intermediate positions as

in Pigs. 1 to 3, inclusive, the device has advan-.

tages in automatically regulating the fuel feed
"to an engine in response to changes in altltugle.

'S
[T

Thus the capsule 124 will collapse at low altitudes
to set automatically the fuel feed as for the take-
off of an aireraft from the ground. When the
aircraft has climbed to a high altitude and lev-

5 eled off for cruising, the expansion of capsule

124 will shift valve 125 so that a second fuel feed
setting is obtained. In this instance-it is not
necessary to have intermediate fuel feed set-
tings. . The apparatus moreover demonstrates

10 that where sensitive control instrumentalities are

used, as the capsule 124, & servo-motor can ad-

vantageously be used therewith. '
While I have described herein some embodi~

ments of my invention I wish it to be understood

15 that I do not intend to limit myself thereby ex-

cept within the scope of the appended claims,

I claim: . )

1. A device for automatically regulating a fuet
injection mechanism for an engine in response to

g0 variables consisting of changes in engine speed,

and atmospheric and manifold temperatures and
pressures which affect the operation of the engine
while the engine is operating, comprising a mov-
able control member for said injection mecha-

25 nism, an element movable in response to one of

said variables, means connecting said element and
said member to transmit movement therebetween,
and means responsive to at least one other of
said variables to vary the ratio of transmission

30 of said connecting means.

2. A device for automatically regulating a fuel
pump for an engine in response to variables con-
sisting of changes in engine speed, and atmos-
pheric and manifold temperatures and pressures

35 which affect the operation of the engine while the

engine is operating, comprising a movable con-
trol member for said fuel pump, an element mov-
able in response to variations in the load on the
engine, means connecting said element and said

40 member to transmit movement therebetween, and

means responsive to one other of said variables
to vary the ratio of transmission of said connect-
ing means.

3. In a device for sutomatically regulating a
fuel pump in response to variables consisting of
changes in engine speed, and atmospheric and
manifold temperatures and pressures which af-
fect the operation of the engine while the engine
is operating, comprising a movable control mem-

50 ber for said fuel pump, an element movable in

response to one of said variables, and means con-
necting said element and said member to trans-
mit movement therebetween; said means includ-
ing a lever operatively connected to said element

55 and said member, and means responsive to an-

other of said variables to vary the leverage ratio
of said lever to change the ratio of transmission
of said connecting means.

4. In a device for automatically regulating a
fuel pump in response to variables consisting of
changes in engine speed, and atmospheri¢ and
manifold temperatures and pressures which ai-
fect the operation of the engine while the en-
gine is operating, comprising a movable control

65 member for said fuel pump, an element movable

in response to one of sald variables, and means
connecting said element and said member to
transmit movement therebetween; said means in-
cluding a lever operatively connected to said ele-

70 ment and said member, means responsive to an-

other of said variables to move the pivot point
" of said lever with respect to the points of con-
nection of said element and said member to vary
the ratio of transmission of said connecting

18 means.
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5. A device as in claim 1, said responsive means
including a member movable in response to said
other of said variables, and a second member

the movement of which varies the transmission

ratio of said connecting means, and force am-
plifying means operatively connecting said last
two members,

6. In a device as in claim 4, said responsive

means comprising a first member movable in re-
sponse to said other of said variables, and a sec-
ond member connected thereto, the pivot of said
lever being mounted on said second member.

7. In a device as in claim 4, said responsive
means comprising a first member movable in re-
sponse to said other of said variables, a second
member connected thereto, the pivot of said lever
being mounted on said second member, and force
amplifying means operatively connectlng said first
and second members.

8. A device as in claup 1 sald responsive means 2

comprising a first member movable in response
to said other of said variables, a second member
the movement of which varies the transmission
ratio of said connecting means, and a servo mo-

tor device operatively connecting said two mem-

bers.
9. A device as in claim 1, said responsive means
being responsive to a plurality of said variables.
10. In a fuel supply control apparatus for in-
jection internal combustion engines a fuel in-
jection pump having a fuel delivery adjustment
member, a fluid pressure sensitive governor for
controlling the speed of said engine and a cen-
trifugal governor for controlling the speed of said
engine only when the speed exceeds a predeter-
mined value, a common control lever system posi-
tively connecting said fuel delivery adjustment
member and said governors for transmitting the
control movements of each of said governors in-
dependently from the other to said fuel delivery
adjustment member, a yielding returning force
~ in each governor operable through said lever sys-
tem and tending to displace the fuel delivery ad-
justment member in the direction of increasing
the fuel delivery amount, said governors and fuel
delivery adjustment member being each con-
. nected by a pivot with said common control lever
system, the connecting pivot of the one governor
forming, while the other governor is in operation,
a fixed pivot for said control lever system about
which the control lever system swings when trans-
mitting the control movements from the other

1

0

3

governor to sald fuel dellvery adjustment mem-
ber.

11. In a fuel supply control apparatus for in-
jection internal combustion engines, a fuel in-
jection pump having a fuel delivery adjustment
member, a governor for controlling the speed of
the engine and operated by fluid pressure which
varies with the speed of the engine, a centrifugal
governor for controlling the speed of said engine
only when the speed %exceeds a predetermined
value, a yielding returning force such as a spring
in each governor tending to displace the fuel
delivery adjustment member in the direction of
increasing the fuel delivery amount of said in-
jection pump, and control lever means positively
connecting said fuel delivery adjustment mem-
ber and said governors for transmitting the con-
trol movements of each of said governors inde-

' pendently of the other to said fuel delivery ad-

justment member, said fuel ‘delivery adjusiment
member being in pivotal connection with said
control lever means, and pivots by which said
governors are each connected to said control
lever means, said control lever means being adapt-
ed to pivot about an axis passing through either .

- one of its points of connection to said fluid pres-

30

P

4
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or

sure and centrifugal governors according to the
operation of said governors.

12. In a fuel supply control apparatus for in-
jection internal combustion engines, an adjust-
able fuel control member, a floating lever con-
nected to said fuel control member for adjustably

‘moving the same, & fluid pressure sensitive gov-

ernor, for controlling the speed of said engine,
positively connected to said lever for operating
the same to adjust the fuel supply, said governor
being connected at point on said lever spaced
from the connection between said lever and said
fuel control member, and a centrifugal governor
positively connected at another point on said
lever spaced from said first-mentioned point' and
adapted to operate said lever to control the speed
of the engine only when the speed exceeds a
predetermined value, each of said governors in- -
cluding a yieldable return force operable through
said lever and tending to displace the fuel con-
trol member in the direction of increasing the
fuel delivery amount, said lever being adapted to .
pivot about an axis passing through either one

30 of its points of connection to said governors de- _

pending on the operation of said governors.
AUGUST LICHTE.




