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57 ABSTRACT 
In a centrifugal rpm regulator for fuel injected internal 
combustion engines, a fuel quantity control rod is pro 
vided which receives the forces associated with the 
displacements of an adapter sleeve which in turn is 
displaceable under the influence of centrifugal fly 
weights and as a function of engine rpm. The regulator 
has an adjustment device, including a pivotable lever, 
first and second elastically yieldable stops having re 
spective adjustment springs, and an idle control 
spring, an operating lever, a guide lever, an intermedi 
ate lever and a force-transmitting lever in addition to 
the adapter sleeve and the control rod. These struc 
tural elements in assembly cooperate so as to provide 
an idle and maximum speed rpm regulator in which 
the full-load fuel quantity supplied by the injection 
pump associated with the regulator can be adapted, by 
rpm-dependent regulating path changes, to the quan 
tity which the engine can burn without polluting or for 
the maximum fuel quantity which may be required for 
a particular application. To this end, the regulator de 
scribed provides for a variable adjustment of the path 
of travel of the control rod such that the control rod is 
shifted in the direction of a larger fuel supply quantity 
and then during higher rpm in the direction of a 
smaller fuel supply quantity or vice versa. 

4. Claims, 3 Drawing Figures 
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CENTRIFUGAL RPM REGULATOR FOR 
NTERNAL COMBUSTON ENGINES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a centrifugal rpm 

regulator for fuel injected internal combustion engines. 
The centrifugal rpm regulator of the type under con 

sideration has an adapter sleeve which is slidable under 
the influence of centrifugal flyweights, which in turn 
function in dependence on the engine rpm. The 
adapter sleeve transfers the forces associated with its 
regulatory motions over at least one intermediate lever 
to a fuel quantity control rod which adjusts the fuel 
supply quantity delivered by the fuel injection pump. 
The adapter sleeve also acts against a force 
transmitting member which operates under the influ 
ence of the force exerted by at least one regulating 
spring and is supported at one end against a stop which 
is mounted to the regulator housing. The centrifugal 
rpm regulator further contains an adjustment device 
which contains a pivotable lever connecting the 
adapter sleeve with the intermediate lever and being 
pivoted at one of its ends at least mediately to the inter 
mediate lever. The pivotable lever contains two stop 
surfaces which engage two elastically yielding stops, 
the first of which has a first adjustment spring and the 
second of which has a second adjustment spring dis 
posed in the force-transmitting member. 

2. Description of the Prior Art 
Injection engines, especially those for driving motor 

vehicles, operate in a wide rpm range. The fuel injec 
tion pumps installed in these engines are in many cases 
provided with regulators (governors) which, in addi 
tion to regulating engine rpm, also change the maxi 
mum fuel quantity set for full load operation within as 
wide an rmp range as possible. This is accomplished in 
such a way that the maximum fuel quantity corre 
sponds or very nearly corresponds (adjusted) to the 
fuel supply quantity curve demanded by the engine and 
predetermined for a smokeless combustion or for a par 
ticular application. 
For the adjustment of the maximum fuel quantity 

supplied by the injection pump to the full-load charac 
teristic of the motor, known rpm regulators of the type 
described above contain an adjustment device consist 
ing of two spring seats and one pivotable lever. The ad 
justment device makes possible an adjustment curve 
which varies as a function of rpm, i.e., the maximum 
fuel quantity can be changed in the direction of smaller 
as well as of large quantities during increasing rpm. It 
is, therefore, possible using this device to realize a bent 
fuel supply quantity curve as a function of rpm. i.e., a 
curve which first increases and then decreases, or first 
decreases and then increases. These known rpm regula 
tors operate only as so-called adjusting rpm regulators 
in which, depending on the position of the operating 
lever, any desired rpm lying between idle and maxi 
mum rpm can be set. 
For use in motor vehicles, however, it is preferable to 

employ a so-called idle and maximum rpm regulator 
according to which the idle rpm is set in one end posi 
tion of the operating lever, while in the intermediate 
position and the other end position of the operating 
lever a particular fuel quantity is set. The regulator also 
limits the maximum rpm, which is predetermined by a 
maximum rpm regulating spring. 
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OBJECTS AND SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
develop a centrifugal rpm regulator of the type de 
scribed above which operates as an idle and maximum 
rpm regulator, and according to which a varying adjust 
ment curve with respect to rpm, as required in modern 
fuel injection engines, can be realized in a simple way. 
This and other objects are accomplished according to 

the present invention by providing an intermediate 
lever configured, in a known manner, as a two-armed 
slotted lever, with its pivot point being guided in the 
slot by a guide lever, the intermediate lever being 
changeable in dependence on the pivotal position of an 
operating lever; and further, by providing that two stop 
surfaces of the pivotable lever pivoted eccentrically 
with respect to the adapter sleeve are arranged facing 
away from each other at the level of the axis of the 
adapter sleeve between the two stops, where one of the 
stops is pretensioned by a first adjustment spring and is 
carried centrally within the adapter sleeve and where 
the other stop is pretensioned by a second adapter 
spring and also by an idle control spring and is carried 
as an extension of the axis of the adapter sleeve in the 
force-transmitting member, with the latter being acted 
upon by a maximum rpm regulating spring which is at 
least mediately supported within the regulator housing. 
A preferred embodiment of the present invention is 

such that the adapter sleeve has a bearing arm con 
nected to its end facing away from the centrifugal fly 
weights, with this bearing arm extending beyond the 
periphery of the adapter sleeve and being fixedly con 
nected with it, with one end of the pivotable lever being 
pivoted to the bearing arm. 

In order to reduce the influence of friction and wear 
on the individual parts during the adjustment function, 
in an advantageous embodiment of the present inven 
tion the adapter sleeve is guided at its end facing away 
from the centrifugal flyweights by two laterally pro 
truding studs within the guiding arms of the force 
transmitting member, and its end facing toward the 
centrifugal flyweights is guided in a cylindrical guide 
connected with the drive shaft. 
A further embodiment of the present invention is 

such that the pivotable lever has a path-limiting stop 
cooperating with an opposite stop on the adapter sleeve 
and where the first adjustment spring attempts to hold 
the path-limiting stop in contact with the counterstop. 
In this way, the rest position of the pivotable lever is 
singularly determined and any influence of the one stop 
onto the other is avoided. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a side view in elevation illustrating a longitu 
dinal section through the centrifugal rpm regulator ac 
cording to the present invention. 
FIG. 2 is a cross-sectional view taken along the line 

II-II of FIG. 1 within the region of the adjustment de 
WCe. 

FIG. 3 illustrates a diagram with two possible adjust 
ent ClWes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning now to FIG. 1, there is shown a drive shaft 
10 of an injection pump (not shown), the injection 
pump being used with an internal combustion engine. 
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On the shaft 10 there is fastened a centrifugal flyweight 
regulator 11 whose pivotally mounted centrifugal fly 
weights 12 have arms 13 which act on the front surface 
14 of a thrust bearing 15. The thrust bearing 15 is 
mounted on an extension of an adapter sleeve 16 and 
transmits the adjustment forces of the centrifugal fly 
weights 12 to the adapter sleeve 16. The adapter sleeve 
16 is itself slidably supported with one of its ends 16a 
on a cylindrical guide 17, formed as a stud or boss of 

4 
ted intermediate lever 33, has two mutually opposing 
stop surfaces 41 and 42 at the level of the axis of the 
adapter sleeve 16 (FIG. 2) which are engaged by two 
elastically yielding stops 43 and 44, so that the pivot 
able lever 30 is fixedly tensioned between the two 
stops. 
One stop 43, pretensioned by a first adjustment 

spring 45, has a stop bolt 43a which is guided centrally 
in a blind bore 46 within the adapter sleeve 16. The ad 

the drive shaft 10, and with its other end 16b, which 10 justment distance which can be traversed by the stop 
faces away from the centrifugal flyweights 12 and the 
drive shaft 10, being provided with laterally extending 
guide studs 18, each of which is guided in a guide slot 
19 of a force-transmitting lever 20 which serves as a 
force-transmitting member (see FIG. 2). 
The force-transmitting lever 20 is pivotably mounted 

on a bearing bolt 21 fixedly attached to the housing 23. 
In FIG. 1, the lever 20 is shown in its vertical normal 
or rest position which is determined by a stop 22 fixed 
within the housing 23. The stop 22 is formed by the 
frontal surface of an abutment screw 24 which is 
screwed into the regulator housing 23. The force 
transmitting lever 20 has two guide arms 25 in the re 
gion of the axis of the adapter sleeve 16 which laterally 
envelop the adapter sleeve 16 and have the guide slots 
19, which are open in the direction of the centrifugal 
weight regulator, machined therein. A maximum rpm 
regulating spring 27, supported in the regulator housing 
23 through the action of an adjustable counterbearing 
26, holds the force-transmitting lever 20 in a known 
fashion in the position shown as long as, or until, the 
force due to the centrifugal flyweights 12 and exerted 
by the adapter sleeve 16 onto the force-transmitting 
lever 20 is greater than that of the maximum rpm regu 
lating spring 27. 
Fixedly connected to the adapter sleeve 16 is a bear 

ing arm 28 (see FIG. 1) which extends out beyond the 
outer circumferential surface of the adapter sleeve 16 
with one end 30a of a pivotable lever 30 being pivoted 
to the bearing arm 28 by means of a pin 29 and with the 
other end 30b of the pivotable lever 30 being con 
nected, by means of a ball joint 31 and through the in 
termediate insertion of a reversing lever 32, with an in 
termediate lever 33. The reversing lever 32 is sup 
ported in a bearing point 34 in the regulator housing 
23, and serves in a known fashion for the motion rever 
sal of the control motions transmitted from the adapter 
sleeve 16 to the intermediate lever 33. In this way, a 
control rod 35, serving as the fuel quantity adjustment 
member of the fuel injection pump, is moved in the di 
rection of the arrow S for the purpose of reducing the 
fuel supply quantity of the fuel injection pump (stop 
motion), the control rod 35 being connected to the in 
termediate lever 33 by means of an elastically yieldable 
shackle 58. The intermediate lever 33 is configured as 
a two-armed slotted lever, whose pivotal point 37 is 
guided in a slotted guide 36. The pivotal point 37 is 
changeable, depending upon the pivotal position of an 
operating lever 38, for the purpose of changing the fuel 
supply quantity to be adjusted by the control rod 35. A 
pin 37 serves as the pivotal point 37 and extends in a 
known fashion from a guide lever 39 which is fixedly 
connected with the operating lever 38 via a setting 
shaft 40 borne in the regulator housing 23. 
The pivotable lever 30, which is pivotably and eccen 

trically attached to the adapter sleeve 16 and which 
connects the adapter sleeve 16 mediately with the slot 
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bolt 43a is designated by a in FIG. 1 and is determined 
by the length of the stop bolt 43a and also by its starting 
position which is fixed by a path limiting stop 47. These 
are two path-limiting stops 47 present and these form 
part of the two arms 48 forming part of the pivotable 
lever 30 which laterally envelop the adapter sleeve 16. 
The first adjustment spring 45 attempts to hold the 
path-limiting stops 47 in contact with the studs 18 of 
the adapter sleeve 16, the studs 18 serving thereby as 
counterstops. 
The second stop 44 is disposed in the force 

transmitting lever 20 as an extension of the axis of the 
adapter sleeve 16. It has a stop bolt 44a which engages 
the stop surface 42 of the pivotable lever 30 (see FIG. 
2) as a result of the pretension force of a second adjust 
ment spring 49 and of an idle regulating spring 50. Be 
tween the adjustment spring 49 and the idle regulating 
spring 50, a sleeve 51 is installed. The sleeve 51 is 
mounted on the stop bolt 44a within a bore 54 of a 
threaded bushing 55, which in turn is screwed into the 
force-transmitting lever 20. The sleeve 51 has a shoul 
der 52 which is spaced from a bottom surface 53 of the 
bore 54 by a distance which determines the stroke b 
(see FIG. 1) of the adapter sleeve 16. In the normal rest 
position, shown in FIGS. 1 and 2, of the stop 44, the 
pretension force of the second adjustment spring 49 
presses the sleeve 51 against a snap ring 57 fastened on 
the stop bolt 44a, while the pretension force of the idle 
control spring 50 holds the snap ring 57 in contact with 
the threaded bushing 55. The installed position of the 
threaded bushing 55 within the force-transmitting lever 
20 is adjustable and can be fixed by a lock nut 56. The 
remaining portion of the stroke left over after the idle 
stroke b up to the contact of the pivotable lever 30 with 
the threaded busing 55 is traversed within an rpm do 
main described in more detail below and against the 
force of the second adjustment spring 49. This remain 
ing portion is designated by the displacement c. 
The elastically yielding shackle 58, which is installed 

between the slotted intermediate lever 33 and the con 
trol rod 35, makes it possible to equalize for path differ 
ences of the regulating parts which result from the fact 
that, in certain operating regions and in a manner not 
shown in detail, the control rod 35 can make contact 
at its stop before the slotted intermediate lever 33 has 
completed its regulatory motion. 
The exemplary embodiment of the present invention 

described in FIGS. 1 and 2 represents an idle and maxi 
mum speed rpm regulator in which the full-load fuel 
quantity of the injection pump can be adapted, by rpm 
dependent regulating path changes, to the quantity 
which the engine can burn smokelessly or for the maxi 
mum fuel quantity which may be required for a particu 
lar application. Such an embodiment contains, there 
fore, a so-called variable adjustment, i.e., the direction 
of the control path change is dependent on the rpm. 
For example, it can be required that, in a first instance, 
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the control rod of the injection pump is shifted in the 
direction of a larger fuel supply quantity and then, Sub 
sequently, during higher rpm, it is shifted in the direc 
tion of a smaller fuel supply quantity. A reverse process 
of adjustment can also be required. 
The two adjustment processes mentioned above, 

which change the adjustment direction (sense of ad 
justment) during increasing rpm, are shown in the dia 
gram of FIG. 3 where the abscissa designates the rpm 
in and the ordinate shows the position of the control and 
R. It is assumed in this that the position of the control 
rod R is a measure of the fuel supply quantity O deliv 
ered by the injection pump. In that case, these adjust 
ment curves also represent the supply quantity as a 
function of rpm, and the ordinate therefore also shows 
Q. The dashed lines A-B-C show the regulatory path 
change in the lower rpm range, when the regulator con 
trols an excess fuel quantity required for starting. The 
solid lines D-E-F-G, drawn between the rpm's n1 and 
n4 are designated by I and show an adjustment process 
in which the fuel supply quantity increases between the 
rpm's n1 and n2, namely from the point D to the point 
E; subsequently, between n2 and n3, it is constant be 
tween the points E and F; and between the rpm's n3 
and na it decreases from point F to point G. Exactly the 
opposite adjustment process II is shown by the dashed 
lines D-H-K-G drawn between the rpm’s n1 and n4. 
The length of the path A-B is determined by the pre 

tension of the idle control spring 50 which serves at the 
same time as the starting spring. 

In the following the method of operation of the regu 
lator is described with particular emphasis on the oper 
ation of the adjustment system consisting Substantially 
of the pivotable lever 30, the stops 43 and 44, and their 
adjustment springs 45 and 49. 
FIG. 1 shows all regulator parts in their rest, i.e., stop, 

position. In order to start the internal combustion en 
gine, the operating lever 38, and therefore also the 
guide lever 39, is turned in the counterclockwise sense 
by an amount determined by a full load limiting stop 
(not shown). With the reversing lever 32 stationary, the 
slotted intermediate lever 33 is pivoted to the left and 
the control rod 35 is pushed in the direction of arrow 
V into the starting position designated by A in FIG. 3. 
This starting position is retained up to an rpm corre 
sponding to the rpm at point B in FIG. 3, and if the rpm 
increases further, the starting quantity is reduced to the 
fuel supply quantity of the control rod position desig 
nated by the point C. In this process, the stop bolt 44a, 
together with the sleeve 51, yields to the right in oppo 
sition to the force of the idle control spring 50 and 
under the effect of the force of the centrifugal fly 
weights 12 until such time as the shoulder 52 of the 
sleeve 51 touches the bottom surface 53 of the 
threaded bushing 55. In all this, the pivotable lever 30, 
which is under the influence of the pretension of the 
first adjustment spring 45 and which is held against the 
studs 18 by the stop bolts 43a and its path-limiting stop 
47, acts as a rigid member of the adapter sleeve 16, so 
that, together with the stop bolt 44a, the ball joint 31 
is moved to the right by the amount of the idle stroke 
b. In this way and in a known fashion, the reversing 
lever 32 is thus pivoted about its bearing point 34 so 
that the slotted intermediate lever 33 is pivoted in a 
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clockwise sense about its pivotal point 37, and the con 
trol rod 35 is thereby pushed in the direction of arrow 
S. The position of the control rod demonstrated by the 

6 
path C-D in FIG. 3 is retained up to the rpm n1. The 
pretension of the first adjustment spring 45 is chosen so 
that when the rpm increases further, beyond n1, the 
first adjustment spring 45 is compressed by the adapter 
sleeve 16 by an amount a (FIG. 1) up to an rpm n2. 
Since the bearing arm 28 and the pin 29 serving as the 
pivotal point for the pivotable lever 30 has moved by 
the same amounta and since the stop 44 does not yield 
on account of the larger pretension of the second ad 
justment spring 49, the pivotable lever 30 pivots about 
its pin 29 in the clockwise sense and the ball joint 31 
moves toward the centrifugal flyweights 12. This mo 
tion of the ball joint 31 is transmitted by the slotted in 
termediate lever 33 to the control rod 35 in such a way 
that it moves in the direction of the arrow V, i.e., in the 
direction of larger fuel quantities. This process corre 
sponds to the curve D-E in FIG. 3. The pretension of 
the second adjustment spring 49 is chosen in such a 
way that the setting force exerted by the centrifugal fly 
weights 12, via the adapter sleeve 16, overcomes this 
pretension of the adjustment spring 49 only when rpm 
n3 is reached. Therefore, the position of the control 
rod 35 is retained between the points E and F in FIG. 
3. When the rpm increases beyond the value of n3, the 
second adjustment spring 49 yields and the stop bolt 
44a moves by the amount c (FIG. 1) up to the rpm 
value n.4. During this process, the adapter sleeve 16 and 
the pivotable lever 30 cover the same distance because 
when the first adjustment spring 45 is compressed, the 
adapter sleeve 16 and the pivotable lever 30 are to be 
regarded as a rigid structural part and the ball joint 31 
is moved to the right, away from the centrifugal fly 
weights 12. In this way, the control rod 35 is pushed in 
the direction of the arrow S, corresponding to the curve 
F-G in FIG. 3, in the direction of a smaller fuel supply 
quantity. At this point, the stop surface 42 of the pivot 
able lever 30 engages the threaded bushing 55, which 
is screwed into the force-transmitting lever 20, and 
when the rpm increases further beyond the value of n.4, 
the force-transmitting lever 20 yields in opposition to 
the spring force of the maximum speed regulating 
spring 27 and the regulator regulates in a known fash 
ion downwardly (see curve G-L in FIG. 3). During this 
process, the control rod 35 is shifted in the direction of 
arrow S until it reaches its stop position. 
The adjustment process II represented by the dashed 

lines D-H-K-G can be achieved by the same regulator 
if the pretension of the first adjustment spring 45 is 
chosen to be greater than that of the second adjustment 
spring 49. In that case, the adjustment stroke desig 
nated by c is traversed before the adjustment stroke 
designated by a. 
By blocking one of the two stops 43, 44 or by re 

placement of one of these two stops with a fixed stop, 
it is possible to realize, depending on the requirements, 
either only an increasing or only a decreasing adjust 
ment process (not shown). 
That which is claimed is: 
1. In a centrifugal rpm regulator for fuel injected in 

ternal combustion engines including a housing mount 
ing, centrifugal weight means, an adapter sleeve slid 
ably displaceable under the influence of the centrifugal 
weight means and as a function of engine rpm, a two 
armed intermediate lever, a fuel quantity control rod, 
the adapter sleeve transmitting the forces associated 
with its controlled motions resulting from its slidable 
displacement through the intermediate lever to the fuel 
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quantity control rod for adjusting the fuel quantity de 
livered by an injection pump used in conjunction with 
the regulator, a force-transmitting lever, stop means 
mounted to the housing against which one end of the 
force-transmitting lever is supported, and at least one 
regulating spring supported in the housing and exerting 
a force against the force-transmitting lever, the adapter 
sleeve being mounted so as to also act against the force 
transmitting lever, the improvement comprising: 
A. an adjustment device having: 

a. a pivotable lever connecting the adapter sleeve 
with the intermediate lever, said pivotable lever 
being pivoted at one of its ends at least mediately 
to the intermediate lever and eccentrically with 
respect to the adapter sleeve and including two 
stop surfaces; 

b. a first elastically yieldable stop means having a 
first adjustment spring; 

. c. a second elastically yieldable stop means having 
a second adjustment spring, said first and second 
stop means engaging respective ones of said stop 
surfaces; and 

d. an idle control spring; 
B. an operating lever; and 
C. a guide lever, and wherein the adapter sleeve de 

fines a central bore and axis, 
the intermediate lever has a slot in one of its arms; 
said guide lver has a pin at one end thereof which 

serves as the pivot pin for the intermediate lever, 
said pin being engageable within said slot; 

said operating lever being pivotably mounted to the 
housing and engageable with said guide lever so 
that the position of the intermediate lever is 
changeable in dependence on the pivotal position 
of said operating lever, 

said stop surfaces being arranged at the level of the 
adapter axis between said first and second stop 
means and facing away from each other; 
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8 
said first stop means being pretensioned by said first 
adjustment spring and being mounted within the 
control bore of the adapter sleeve; 

said second stop means being pretensioned by said 
second adjustment spring and said idle control 
spring and being mounted to an extension of the 
force-transmitting member; and 

said regulating spring serves as a maximum rpm 
spring which is at least mediately supported within 
the housing. 

2. The regulator as defined in claim 1, wherein the 
adapter sleeve includes a bearing arm connected to the 
end of the adapter sleeve facing away from the centrif. 
ugal weight means said bearing arm extending beyond 
the circumferential outer surface of the adapter sleeve, 
and wherein one end of said pivotable lever is mounted 
to said bearing arm for pivotal movement relative 
thereto. 

3. The regulator as defined in claim 1, further com 
prising a drive shaft and a cylindrical guide mounted 
thereto, wherein the force-transmitting member in 
cludes two guiding arm portions having slots defined 
therein, wherein the adapter sleeve is provided at its 
end facing away from the centrifugal weight means 
with two laterally extending studs which engage a re 
spective one of said slots, and wherein the adapter 
sleeve has its end facing toward the centrifugal weight 
means guided within said cylindrical guide so that the 
friction and wear on the individual elements of the reg 
ulator are reduced. 

4. The regulator as defined in claim 1, wherein said 
pivotable lever includes path-limiting stop means and 
the adapter sleeve is provided with an opposite stop 
means which is engageable with said path-limiting stop 
means, and wherein said first adjustment spring biases 
said path-limiting stop means into engagement with 
said opposite stop means. 

ck k sk sk 


