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The present invention relates to an automatic, pneu 
matically actuated governor which comprises resilient 
elements upon which pressures of a pressure medium are 
applied which represent the desired value and the actual 
value of the controlled variable, and which comprises 
further resilient elements which are acted upon by pres 
Sure media so that a feedback effect will be attained 
whereby the actual value will approach the desired value 
in accordance with a predetermined time factor. In gov 
ernors of the known type, the comparison between the 
desired value and the actual value of the controlled vari 
able is carried out by means of a spring-loaded balance 
in which the proportional range of the governor may be 
set by an adjustment of the transmission ratio of the 
balance. If the proportional effect should in such gov 
ernors be adjustable within a large range, it is very diffi 
cult to design them so as to permit the transmission ratio 
to be adjustable within wide limits. 

It is an object of the present invention to overcome 
these difficulties by providing a governor in which the 
resilient elements for comparing the desired value with 
the actual value and the further resilient elements for 
producing the feedback effect are disposed in a star 
shaped arrangement within a common plane in which the 
two resilient elements of each pair are disposed opposite 
to each other so that the axes of all of these elements 
intersect at a central point, and each of them rests at one 
end on a stationary support, while their other ends which 
are movable under pressure are connected to a ring which 
is also disposed within the same plane as the resilient ele 
ments and the peripheral surface of which serves as a 
flapper surface which is associated with a nozzle opposite 
thereto through which a compressed air current is passed 
so as to impinge upon the ring. This nozzle is pivotable 
about the center of the apparatus for varying the propor 
tional range. 

Under the effect of a difference between the pressures 
which are associated with the actual value and the desired 
value of the controlled variable, and also as the result of 
the reciprocal action of the pressures which produce the 
feedback effect, the ring which is secured to one end of 
each resilient element will be eccentrically displaced. 
Due to this eccentric displacement the pivotable nozzle 
will be disposed at different distances from the ring. 
These distances may be adjusted to different sizes by an 
adjustment of the nozzle to different points around the 
periphery of the ring. It is thus possible to adjust the 
proportional range of the governor within wide limits. 

According to one preferred embodiment of the inven 
tion, the resilient elements may be mounted in a station 
ary position at the point of intersection of their axes, and 
their outer ends which are movable under pressure may 
be connected to the inner surface of a ring which lies 
within the common plane of the resilient elements and 
surrounds these elements, and the outer Surface of which 
serves as a flapper surface. According to another em 
bodiment of the invention, the resilient elements may, 
however, also be secured in a stationary position at their 
outer ends, while their inner ends which are movable 
under pressure are connected to the outer Surface of an 
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2 
inner ring which also lies within the common plane of 
the resilient elements and the inner surface of which 
then serves as a flapper surface which is associated with 
the nozzle. 

According to another feature of the invention it is of 
great advantage if the two resilient elements for produc 
ing the feedback effect are mounted in the apparatus so 
that their effective axes are slightly inclined or V-shaped 
relative to each other and in the direction toward the 
resilient element which is acted upon by the pressure 
which represents the actual value. Furthermore, it is 
advisable also to mount the resilient elements for the 
comparison of the actual and desired values so that their 
effective axes are slightly inclined to each other and in 
the direction toward one of the feedback elements, pref 
erably the resilient element which is acted upon by a 
pressure which is applied to produce an integral effect. 
The effective surface area of the last-mentioned resilient 
element is preferably also made slightly larger than the 
corresponding area of the opposite resilient element which 
is acted upon by a pressure which is applied to produce 
a differential effect. The ring which is connected to the 
resilient elements and serves as a flapper surface may, 
if desired, be made of such geometrical dimensions and 
of such a material that it will be elastically deformed into 
an elliptical shape of a very small eccentricity when acted 
upon by a pressure from one side. 
A governor according to the invention which may em 

body any one or several of the above-mentioned features 
in any suitable combination with each other has the ad 
Vantage that the initial proportional band and a small 
residual deviation from the desired value will remain 
at least substantially constant within the entire adjustable 
proportional range. The more of these features which 
are combined in such a governor the better will be the 
constancy of the initial proportional band and of the 
small deviation from the desired value. 
The initial proportional band has been defined in the 

art as that range of input values corresponding to the 
full operating range of output, signal when the integral 
action time is set at its minimum value. The initial pro 
portional band can be expressed as a percentage of the 
Scale range. Initial proportional band is mainly deter 
mined by the forward-path gain of the controller, i.e. in 
pneumatic controllers, the gain of the feedback path only, 
the initial proportional band is practically independent 
of the baffle-nozzle system and the pilot valve in cas 
cade. For accurate control, the offset due to the initial 
proportional band must be small, e.g., not higher than 
1%. For most types of controller, the initial propor 
tional band is dependent on the proportional band setting, 
in which case it increases with increasing proportional 
band. If suitable provisions are made that this initial 
proportional band will remain constant when the pro 
portional range is changed, it will be insured that the 
sensitivity of the governor will be equally high at all 
adjustments of the P range. 
The small residual deviation from the desired value 

as herein referred to is the deviation which remains when 
the controlled variable has approached the desired value 
as far as possible. It constitutes a measurement for de 
termining calibration, hysteresis, and Zero errors. Aside 
from complying with the general requirement that the 
(residual deviation should be very small, the governor 
according to the invention also fulfills the requirement 
that this deviation will be identical at every P range 
to which the governor may be set. 
The above-mentioned objects, features, and advantages 

of the present invention will become further evident from 
the following detailed description thereof, particularly 
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when the same is read with reference to the accompany ing drawings, in which 
FIGURE 1 shows a somewhat diagrammatic view 

partly in section of a governor according to the inven 
tion in which the opposite resilient elements of each pair 
are disposed coaxially to each other and are enclosed by a 
iring; 
FIGURE 2 shows a view similar to FIGURE 1 of a 

modification of the invention, in which the opposite ring 
enclosed resilient elements are slightly inclined to each 
other; 
FIGURE 3 shows a similar view of a further modi 

fication of the invention, in which the opposite resilient 
elements are coaxial and act upon an inner ring; 
FiGURE 4 shows a diagram which illustrates the op 

eration of a governor according to FIGURE 1; while 
FIGURE 5 shows a diagram which illustrates the op 

eration of a governor according to FIGURE. 2. 
The governor according to the first embodiment of the 

invention as illustrated in FIGURE 1 primarily consists 
of four resilient elements in the form of bellows it to 
14, the inner ends of which are secured to a central 
support 5 which is rigidly connected to the housing of 
the apparatus, not shown. These bellows are arranged 
in pairs opposite to each other from a common center 
and are all disposed within the same plane, and the bel 
lows of each pair have a common axis which is disposed 
at right angles to the common axis of the other pair. 
The outer ends of bellows 1 to 14 are tightly sealed 

and secured to the inner surface of a cylindrical ring 36 
which also lies within the same plane as the bellows. 
If bellows 11 to 14 are not under pressure, the center 7 
of ring 6 coincides with the point of intersection of the 
axes of the bellows. 

In front of the central support 5 and bellows 11 to 
14. a nozzle arm 8 is pivotably mounted at one end 
about the axis of support 15 which extends transverse 
to the axes of the bellows. This nozzle arm 8 is ad 
justable within an angle of 90 for the purpose of set 
ting the governor to the desired proportional range. The 
position of nozzle 18 may be read on a scale 19. 
The nozzle opening of arm 18 is disposed opposite to 

the outer peripheral surface of ring 16 which serves as 
a flapper surface for a jet of compressed air which is 
supplied through a conduit 18 and serves for control 
ling a pneumatic amplifier, not shown. . 
The actual value and the desired value of the con 

trolled variable are provided in the form of pneumatic 
pressures which are supplied through inlet conduits 1 
and 12' to the inner ends of bellows 1 and 12 which 
are secured to the central support 15 and are otherwise 
tightly sealed. A compressed air conduit 60 branches off 
of conduit 18' and leads to a conduit 14' supplying com 
pressed air to bellows 4, and also leads to exhaust line 
62. A control throttle 64 is provided in conduit 14'. 
Downstream of throttle 64, a conduit 3' leads from 
conduit 14 to bellows 13. Conduit 13' is provided with 
a control throttle 66. By providing pneumatic throttles 
68, 70, effectively regulating the pressure in the lines 
leading to bellows 13 and 4, respectively, it is possible 
to adjust the feedback effect which is exerted by bel 
lows 13 and 14. Within the path between throttles 68 
and 70, the air pressure will depend on the distance of 
discharge nozzle 18 from the impact ring 16. This 
air pressure will reach differential bellows 14 through 
conduit 60, control throttle 64 which causes a slight delay, 
and conduit 14. The air pressure reaching integral bel 
lows 13 through conduit 13' is further delayed by throt 
tle 66. - 

The pneumatic governor as illustrated in FIGURE 2 
is of a construction very similar to that as above de 
scribed. It also comprises four resilient elements in the 
form of bellows 21 to 24, the inner ends of which are 
secured to the central stationary support 25 on the hous 
ing of the apparatus, and which are tightly sealed ex 
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4. 
cept for the conduits 21 to 24 through which these bel 
lows are supplied with compressed air. Compressed 
air supplied to conduits 22' to 24' may be supplied 
in the same manner as described above in confection 
with the corresponding conduits of the FIGURE 1 em 
bodiment; accordingly, further description thereof is tin 
necessary. The outer ring 26 which again serves as a 
flapper plate surrounds bellows 21 to 24, the closed 
outer ends of which engage against the inner surface of 
ring 26. Nozzle arm 23 is again pivotably mounted at 
27 on the central support 25 in front of bellows 2 to 
24, and it is supplied with compressed air through a 
conduit 28. For reading the position of the end of 
arm 28, a scale 29 is provided. If bellows 21 to 24 are 
not under pressure, the axis of ring 26 coincides also 
in this case with the pivotal axis of nozzle arm 28. 
The important difference between this embodiment ac 

cording to FIGURE 2 from that according to FIGURE 
1 resides in the fact that the opposite bellows of each 
pair 21, 22 and 23, 24, respectively, are not disposed 
coaxially to each other, but they are slightly inclined 
to each other. However, also in this case, the axes of 
all bellows intersect with the axis of rotation of nozzle 
arm. 28. 

More specifically, the bellows of the governor accord 
ing to FIGURE 2 are arranged so that the axes aid 
thus the effective directions of the two bellows 23 and 
24 for the feedback action are slightly inclined toward a 
V-shape relative to each other and in the direction toward 
the bellows 21 for the actual value. Similarly, the axes 
and thus the effective directions of the two bellows 21 
and 22 for the comparison of the actual value arid the 
desired value are also slightly inclined toward a W-shape 
relative to each other and in the direction toward the 
bellows 23 forming the integral resilient element. Fur 
thermore, the effective surface area of this bellows 23 
is slightly larger than that of the differential bellows 
24. In addition, ring 26 which is connected to bellows 
2 to 24 and serves as a flapper surface may be made 
of Such a material and of such geometrical dimensions 
that it will be elastically deformed to an elliptical shape 
of a very small eccentricity when acted upon by a pres 
Sure from one side. 

While in the embodiments according to FIGURES 1 
and 2, the ring which serves as a flapper surface sur 
irounds the bellows-shaped resilient elements, this is not 
absolutely necessary, but this ring may also be disposed 
between these elements, as diagrammatically illustrated, 
for example, in FIGURE 3. This pneumatic governor 
is again provided with four bellows-shaped resilient ele 
ments 31 to 34. However, in this case the outer ends 
of the bellows are supported on a ring 35 which is rigidly 
secured to the housing of the governor, not shown, while 
the inner ends of the bellows are positively connected to 
the outer Surface of a cylindrical ring 36 which lies within 
the common plane of bellows 31 to 34. Also in this 
embodiment the central axis 37 of ring 36 coincides with 
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the point intersection of the axes of bellows 31 to 34 
When the later are not under pressure, and it also forms 
the axis of rotation of the nozzle arm 38. The nozzle 
opening of arm 38 faces in this case toward the inner 
peripheral Surface of ring 36 which thus serves as a 
flapper Surface. Bellows 31 and 32 are acted upon by 
compressed air which is supplied through conduits 31' 
and 32', while the jet of compressed air which is directed 
upon ring 36 through nozzle 38 is supplied thereto 
through a conduit 38'. The angular position of the 
nozzle may also in this case be read on a scale 39. Con 
duit 38 is provided with throttles 72, 74, corresponding 
to the throttles provided in conduit 18 of the FIGURE 
1 embodiment. A conduit 76 branches off of 38' between 
throttles 52 and 54 and leads to a vent conduit 78 and 
to a conduit 34 supplying compressed air to bellows 
34. Conduit 34' is provided with a throttle 80 for con 
trolling the differential effect. Downstream of throttle 80 
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a conduit 33' leads from conduit 34 through a throttle 
82 for controlling the integral effect to bellows 33. 

Although the two bellows of each pair 31, 32, and 
33, 34 are illustrated in FIGURE 3 as being coaxial 
and as extending at right angles to the other pair simi 
larly as in the embodiment according to FIGURE 1, 
they can also be slightly inclined to each other toward 
a V-shape similarly as in the embodiment according to 
FIGURE 2. Furthermore, the integral bellows 33 may 
also be provided with a larger effective surface area than 
the differential bellows 34, and ring 36 may also be 
elastically deformable. 

Aside from designing the governor according to the 
invention in the manner as illustrated in FIGURES 1 
and 2, it is also possible to design the outer ring which 
surrounds the bellows and serves as a flapper surface so 
as to extend in the axial direction thereof beyond the 
belows so that the inner peripheral surface of the ring 
may then be used as the flapper surface against which 
the compressed air is blown from the nozzle in a manner 
similarly as shown in FIGURE 3. Finally, instead of 
making the ring which forms the flapper surface so as 
to be movable relative to the stationary center of the 
system and to mount the nozzle arm so as to be pivotable 
about this center, it is also possible to mount the flap 
per ring in a stationary position and to design the rotary 
axis of the nozzle arm so as to be adjustable under the 
action of the resilient elements. 
The manner of operation of the governors according 

to the invention will now be described in detail with 
reference to the diagrams according to FIGURES 4 
and 5. 
The diagram as shown in FIGURE 4 corresponds to a 

governor according to FIGURE 1. The vectors 41 to 
44 represent the forces which are exerted from the center 
part 45 of the governor by the bellows under action of 
the compressed air upon the ring which is indicated by 
the circle 46. Vectors 4i, 42, and 43, 44, respectively, 
have the same effective directions and the two pairs of 
vectors are disposed at right angles to each other. 
A deviation from the desired value, at which the pres 

sure in the bellows for the desired value and at which 
the force component 4 is therefore greater than the 
force component 42 may result, for example, in a dis 
placement of ring 46 from the position a to the position 
b, as indicated by dotted lines, by a certain amount x1. 
Depending upon the position of nozzle 48 at the periph 
ery of ring 46, the change in distances between the noz 
zle and the outer surface of the ring which serves as a 
flapper surface will be of a different size. The greater 
the angle c is between the axis of the resilient elements 
for the actual and desired values, that is, between the 
effective line of vectors 41 and 42 and the position of 
nozzle 48, the Smaller will be the influence which a 
deviation from the desired value exerts upon the control 
element, i.e. the nozzle 48. This means that the pro 
portional range of the governor changes with a change 
of the position of the nozzle. The proportional range 
which may be adjusted by pivoting the nozzle may be 
read on scale 9 as shown in FIGURE 1. If the angle 
o, which is indicated in all of the drawings, amounts, for 
example, to 0, the governor is adjusted to the smallest 
proportional range, whereas if the angle c, increases, 
the proportional range also increases, and at an angle of 
90 it reaches the value infinity. The influence of the 
forces 43 and 44 which exert a feedback effect is, how 
ever, the greatest at an angle or of 90°. The more the 
angle a decreases, the smaller will also be the feedback 
influence which will reach its smallest value at the angle 
of 0°. 

Although a governor as previously described may be 
used for many purposes, it has the disadvantage that, if 
the nozzle is pivoted about the angle o, not only the 
proportional range of the governor, but also its initial 
proportional band will be changed. If nozzle 48 is 
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6 
placed at the position as indicated in FIGURE 4 in full 
lines, ring 46, when deflected by an amount x1, will move 
toward the nozzle by a distance s which depends upon 
the angle and is approximately equal to the formula 
SFX.COS a. The initial proportional band depends upon the angle 
C. in accordance with the formula initial proportional 
band=k/coso, in which k means a constant. 
As already mentioned, if the governor is to comply 

with high requirements, the extent of the dependence of 
the initial proportional band upon the angle a should 
be as small as possible. This will be attained by a gov 
ernor which is designed as illustrated in FIGURE 2, since 
the initial proportional band will then remain constant 
at all positions of nozzle 48. 
The manner of operation of a governor according to 

FIGURE 2 will now be described with reference to the 
diagram as shown in FIGURE 5. In this diagram, the 
arrows 5 to 54 again represent the forces which are 
exerted by the slightly inclined, V-shaped resilient ele 
ments 21 to 24 upon the flapper ring 26 which is indi 
cated in FIGURE 5 in its basic position a by the full 
line circle 56. If the actual value differs from the de 
sired value, ring 56 will at first move for the distance 
x1 to the position b, as it has already been described 
with reference to FIGURE 4. Due to the V-shaped ar 
rangement of the feedback bellows 53 and 54, the same 
deviation from the normal position will in this case re 
sult in an additional travel for a distance x which moves 
the ring to the position c. The movement of distance 
x2 occurs because the inclined vectors 53 and 54 have 
a resultant in the upward direction in FIGURE 5, that 
is, in the direction of movement x. Due to the tilt of 
the bellows and the increase of the effective area of in 
tegral bellows 23, the pneumatic forces will no longer 
counterbalance each other, but will create a resultant 
force effecting the described movement of the ring. Si 
multaneously with the movement of the ring, an increase 
in the mechanical restoring forces takes place. The 
magnitude of the restoring forces is determined by the 
resilient property of the bellows and the direction of the 
restoring forces is determined by the position of the 
bellows' ends. The movement of the ring will cease 
when the pneumatic forces and the mechanical forces 
have reached equilibrium. Since the effective surface 
area of the integral bellows 53 is slightly larger than 
that of the differential bellows 54, the ring will be fur 
ther shifted for a distance a to the position d. If the 
ring is made of a suitable resilience it will under the in 
fluence of the force of the feedback bellows which is 
of a greater strength than the force of the bellows for 
the actual and desired Values, be deformed to an ellipti 
cal shape of a small eccentricity, as indicated by the 
line e. In this position, the quadrant of the ring which 
forms the flapper surface along which the proportional 
range may be adjusted extends almost parallel to the 
quadrant r along which the nozzle 58 is pivoted. The 
initial proportional band is thus no longer dependent 
upon the angle c. to which the nozzle is adjusted, that is, 
upon the proportional range to which the governor has 
been set. 
The V-shaped inclination of the bellows 51 and 52 for 

the actual and desired values in the direction toward the 
integral bellows 53 produces the advantage that the small 
residual deviation from the desired value will be inde 
pendent of the Setting of the proportional range. 

In accordance with the very small control movement 
of the nozzle relative to the flapper surface which amounts 
only to a few p, that is, about 0.1 mil, the actual devia. 
tions of the geometrical dimensions of the governor ac 
cording to FIGURE 2 from the dimensions of the gov. 
ernor according to FIGURE 1 are very small, even though 
the effect of these small deviations is very considerable 
as can be seen in FIGURE 5. 
The foregoing statements relating to the governors 
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according to FIGURES.1 and 2 and the diagrams as 
shown in FIGURES 4 and 5 also apply similarly to a 
governor which is designed according to FIGURE 3. 
Although our invention has been illustrated and de 

scribed with reference to the preferred embodiments 
thereof, we wish to have it understood that it is in no way 
limited to the details of such embodiments, but is ca 
pable of numerous modifications within the scope of the appended claims. 
Having thus fully disclosed our invention, what we claim is: 
1. An automatic pneumatic governor comprising at 

least a pair of resilient elements adapted to be acted 
upon by a pressure medium representing a desired value 
and an actual value of a controlled variable and disposed 
substantially diametrically opposite to each other, at least 
a second pair of resilient elements also adapted to be 
acted upon by a pressure medium for producing a feed 
back effect and also disposed substantially diametrically 
opposite to each other and at Substantially right angles 
to said first pair, all of said elements being disposed within 
a common plane and together forming a star-shaped 
arrangement having a common center, means for Support 
ing one end of each of said elements in a fixed position, 
the other end of each element being movable under pres 
sure, means for supplying said pressure media to said 
elements, a ring disposed within said common plane, said 
other ends of said elements being in engagement with and 
acting upon said ring, a nozzle member pivotably mount 
ed for rotation about said common center, said ring 
having a peripheral surface disposed opposite to the nozzle 
opening of said nozzle member and serving as a flapper 
surface, and means for supplying a pressure medium to 
said nozzle member and for directing it through said 
nozzle opening upon said flapper surface. 

2. A governor as defined in claim 1 in which the axes 
of all of said resilient elements intersect with each other 
at said common center, said inner ends of said elements 
facing toward said center being connected to said fixed 
supporting means, said ring surrounding said elements and 
being positively connected to the outer ends thereof, the 
outer peripheral surface of said ring being adapted to 
serve as said fiapper Surface. 

3. A governor as defined in claim 1, in which said ring 
is disposed intermediate said resilient elements and the 
inner ends of said elements are movable and in engage 
ment with the outer peripheral surface of said ring, while 
the outer ends of said elements are connected to Said 
fixed supporting means, the inner peripheral Surface of 

10 

20 

25 

30 

35 

40 

45 

50 

8 
said ring being disposed opposite to the opening of said 
nozzle member and serving as said flapper surface. 

4. A governor as defined in claim 1, in which said re 
silient elements of said second pair are slightly inclined 
toward each other and in the direction toward one of the 
elements of said first pair. 

5. A governor as defined in claim 1, in which said re 
silient elements of said first pair are sightly inclined to 
ward each other and toward one of the elements of said 
second pair. 

6. A governor as defined in claim 1, in which one of 
said resilient elements of said second pair has a greater 
effective Surface area than the opposite element of said pair. 

7. A governor as defined in claim 1, in which said 
iring serving as a flapper surface is made of such a mate 
rial and has such geometrical dimensions that when acted 
upon by a pressure from one side it will be elastically 
deformed to an elliptical shape having a very small eccentricity. 

8. A governor as defined in claim 1, in which each of 
said resilient elements consists of a bellows. 

9. An automatic pneumatic governor comprising re 
silient means adapted to be acted upon by a pressure fluid 
representing a desired value and an actual value of a 
controlled variable, additional resilient means adapted to 
be acted upon by a pressure fluid for producing a feed 
back effect, each of said resilient means having one end 
thereof secured in a fixed position, and the other end 
thereof being movable under pressure, means for supply 
ing said pressure fluid to each of said resilient means, a 
nozzle member, means constituting a flapper surface con 
tiguous to said nozzle member, means to enable pivotable 
movement of said nozzle member relative to said flapper 
surface to vary the proportional range of the governor, 
and means operatively connecting each of said resilient 
means with said means forming said flapper surface to 
vary the contour of said flapper surface to maintain the 
sensitivity of the governor substantially constant over 
its entire proportional range. 
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