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Re. 19.276 
UNITED STATES PATENT office 

This invention relates to methods of and ap 
paratus for regulating or governing physical con 
ditions. Such methods and apparatus are 
known, but so far as I am aware all those here 

5 tofore used suffer from the disadvantage that an 
appreciable time interval elapses between the 
instant at which the regulating or governing ac 
tion is initiated and the time when said action 
becomes effective. During this time interval the 

0 regulating or governing action may be subjected 
to influences that impair its accuracy and effec 
tiveness, such impairment being greater or less 
according to the length of said time interval. Also 
the corrective action may under certain condi 

5 tions reach a point in excess of that required, in 
other words overshoot the mark, before it is ar 
rested, so that further corrective action in the 
opposite direction becomes necessary. This puts 
an unnecessary burden upon the regulating or 

20 governing means employed and results in an un 
necessary waste of the supply of energy productive 
of the physical condition to be regulated. Thus 
in the case of the regulation of a well-known phys 
ical condition, for instance temperature, the tem 

25 perature of an oven for example, when the de 
sired temperature is exceeded, the Source of heat, 
the supply of gas for instance, is reduced, while 
on the other hand when the temperature falls 
below that required, said supply is increased. The 

30 temperature of an oven, however, changes very 
slowly, so that when, due to a fall below or a rise 
above the desired temperature, the Supply of gas 
is increased or diminished respectively, an appre 
ciable time interval will necessarily elapse before 

35 the desired temperature is restored, the length 
of said time interval varying With the capacity of 
the oven. When the temperature falls below the 
temperature desired and the Supply of gas is ac 
cordingly increased as above stated, the time in 

40 terval required to restore the temperature to the 
desired degree in many instances is such that 
the amount of gas supplied for this purpose far 
exceeds that required normally to maintain the 
correct temperature, so that the temperature will 

45 rise above that desired and the regulator is com 
pelled to operate again to reduce the Supply of 
gas. This oscillating operation before the right 
temperature in the oven is, obtained or restored 
may continue some time which makes for un 

50 necessary waste of gas and imposes an extra tax 
on the regulating or governing apparatus. 
One of the objects of the present invention is to 

provide a method of and apparatus for regulating 
or governing physical conditions, which shall be 

5 reliable and accurate in operation and which 

said nozzle. 

diaphragm g of a diaphragm chamberg, this 

shall function without waste, eliminating the 
objectionable features above set forth. 

Other objects of the invention will appear fro 
the following description. 
The invention and its aims and objects will be 

readily understood from the following descrip 
tion of the best mode and manner at present 
known to me for putting my invention into execu 
tion, and of a diagrammatic representation in the 
accompanying drawing of one illustrative appa 
ratus for that purpose, the true scope of the in , 
vention being pointed out in the appended claims. 
The apparatus shown in the drawing is for the 

regulation or governing of temperature, but it is 
to be understood that my invention is not to be 70 
considered as limited to the regulation or govern 
ing of that particular physical condition, but that 
it is equally applicable to the governing or regul 
lation of pressure and other physical conditions. 

Referring to the drawing, a is a boiler or an is 
OWen in which it is desired to maintain a cer 
tain definite temperature by means of the burner. 
c fed with fuel through a pipe b. A fuid ther 
mostat d comprising the heat sensitive means 
is provided in the boiler and sets up, a pressure. 
in a diaphragm chamber or bellows 'e which is 
connected with a pivoted jet nozzle f. A continu 
ous stream of fluid under pressure, preferably air, 
is caused to flow through this jet nozzle from a 
suitable source of supply, not shown, the air 
from said nozzle entering a tube h to a greater 
or less extent, depending upon the position of 

The air entering the tube a passes 
to a chamber i-k and exerts pressure on the 

BO 

O 
pressure continuing to increase until the force . 
on the diaphragm equalizes the force exerted 
by the thermostat d or bellows e. If the tem 
perature and therewith the fluid pressure in e 
is constant, then the entire arrangement Will re- g5 
main in equilibrium and the same pressure will 
prevail in g, k and i, said pressure being indi 
cated by the gauge r. If, however, the tem 
perature rises, then the pressure in e also rises 
and air under pressure flows through the resist- . 100 
ance chambers i-ki..in the direction i-ki. The 
quantity of air flowing from i to c and, there 
fore, the pressure differential between i and c 
can be regulated by a reservoir chamber in con 
nected as shown to the chamber k. The more 105 
rapid, the temperature changes in the boiler or 
oven, the quicker the pressure will change in e, 
and more air will be forced into g and m. By 
means of a device, for example a capillary resist 
ance in of conventional construction inserted 10 
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between i and k, a pressure difference will be 
caused to exist between i and k and this pres 
sure difference will vary in proportion to the 
flow of air through the capillary tubes and can 
be read from the pressure difference meter g. 
This pressure difference is proportional to the 
speed with which the pressure changes in g (and 
m) and therefore to the speed or rate of change 
of the temperature in the boiler or oven a. 
In the illustrative embodiment of the inven 

tion the rise in pressure indicated at. r is pro 
portional to the rise in temperature in the boiler 
or oven, and the differenice in pressure indicated 
at q is proportional to the rate of change of the 
temperature in said boiler or oven. 
In the illustrative embodiment of the inven 

tion the amount of heating gas delivered by the 
pipe b is governed by a throttle slide 2 operated 
by a piston y1 operating in a cylinder gy. The 
piston y is operated by a second jet nozzle 
to which air under pressure is continuously sup 
plied from a suitable source not shown, said jet 
nozzle being pivoted similarly to the jet nozzle 
f and cooperating with tubes act and ac which 
communicate with opposite ends of the cylinder 

... y respectively. According as the diaphragm at 
swings said jet nozzle in the one or the other 
direction about its pivot compressed air will flow 
from said nozzle to a greater or less degree into 
the one or the other of the two tubes ac and ac. 
Displacement of the diaphragm u is effected 
against the action of a spring up under the ef 
fect of pressure in the diaphragm chamber it, 
which chamber is connected to the chamber i 
by a tube s. Increase in pressure causes the 
jet tube to force air under pressure into the 
tube ar, resulting in downward movement of 
the piston yi and closing movement of the throt 
tle slide 2, thus decreasing the flow of gas to 
the burner, while decrease of pressure in Said 
diaphragm chamber it moves said jet nozzle to 
supply compressed air to the tube a thus rais 
ing the piston yi and opening the throttle slide 
z to increase the flow of gas to the burner c. 

If for any reason the temperature in the Oven 
begins to rise rapidly, the jet nozzle f will be 
moved rapidly resulting in a vigorous flow be 
tween i and k. In the chamber i the pressure 
increases rapidly sometime before the pressure 
in g and c becomes noticeably greater. The 
regulating diaphragm u will thus operate to throt 
tle the supply of gas considerably until the pres 
sure in i regains. its original value. On the 
other hand if for any reason the temperature 
begins to fall, the jet tube f will be moved in 
the opposite direction resulting in a diminished 
flow between i and k. In the chamber i the 
pressure will decrease rapidly sometime before 
the pressure in g and k becomes noticeably less. 
The regulating diaphragm u will thus operate 
to increase the supply of gas considerably until 
the pressure in i regains its original value. 

It will thus be seen that a force proportional 
to the change in the physical condition to be 
regulated and a second force proportional to the 
rate of change in said physical condition are 
used to regulate or govern said physical condi 
tion, the sum or resultant of said two forces ex 
erting a regulating or governing action for this 
purpose upon the supply of energy productive 
of said physical condition. So far as I am aware 
this is novel and results in a very sensitive, stable 
and damped regulation since the regulating or 
governing means is influenced not only by the 
magnitude of the condition to be regulated but 

19,276 
also by the rate of change of said physical con 
dition. 

It will be understood ... that the resistance in 
must be kept within such bounds that it will not 
hinder the flow of pressure fluid to and from the 
chamberg that is necessary for maintaining the 
balanced condition of the nozzle f. 

I am aware that the invention may be embodied 
in other specific forms without departing from 
the spirit or essential attributes thereof, and I 
therefore desire the present embodiment to be 
considered in all respects as illustrative and not 
restrictive, reference being had to the appended 
claims rather than to the foregoing description 
to indicate the scope of the invention. 

I claim: 
1. In apparatus for regulating or governing 

temperature in an enclosed space, in combina 
tion, means to heat the contents of said space; a 
pressure fluid operated regulator for said heating 
means; means to supply pressure fluid to op 
erate. Said regulator; fluid pressure responsive. 
means connected to control the application of 
the pressure fluid which operates the regulator; 
a source of controlling pressure fluid communi 
cating with said pressure responsive means; pres 
sure operated governing means influenced by the 
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temperature in said space and connected to 
govern the application of the controlling pressure 
fluid, and a second pressure fluid responsive 
means also communicating with said source of 
controlling pressure fluid connected to act on the 
source of controlling pressure fluid in opposition 
to the said governing means, the construction and 
arrangement being such that actuating or adjust 
ing movement of said source of controlling pres 
sure fluid imparted by the opposed governing 
means and said second pressure fluid responsive 

105 

110 

means results in said first mentioned fluid pres 
sure responsive means controlling the operation 
of said regulating means in response to a fluid 
pressure which is the resultant of a pressure pro 
portional to the change in temperature in said 
space and a pressure proportional to the rate of 
change of the temperature. 

2. In apparatus for regulating or governing 
temperature in an enclosed space, in combina 
tion, means to heat the contents of Said space; a 
pressure fluid operated regulator for said heating 
means; means to Supply pressure fluid to operate 
said regulator; pressure responsive means con 
trolling the application of pressure fluid; a Source 
of controlling pressure fluid communicating with 
said pressure responsive means; pressure operat 
ed governing means influenced by the tempera 
true in said space and connected to govern the 
application of the controlling pressure fluid, and 
a second pressure fluid responsive means also 
communicating with said source of controlling 
pressure fluid and connected to act on the source 
of controlling pressure fluid in opposition to said 
governing means; flow resisting means between 
said source of controlling pressure fluid and said 
second pressure fluid responsive means; and a 
fluid chamber communicating with said second 
pressure fluid responsive means intermediate the 
latter and said flow resisting means, the entire 
construction and arrangement being such that 
the opposed action of the governing means and . 
the second pressure fluid responsive means on the 
source of controlling pressure fluid imposes a 
pressure on the first mentioned pressure fluid re 
sponsive means which is the resultant of a pres 
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sure proportional to the change in temperature ; so 
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of the space to be heated and a pressure propor 
tional to the rate of said change. 

3. In regulating or governing apparatus of the 
character described, in combination, a pressure 
regulated; means to supply pressure fluid to said 
regulator; pressure fluid responsive means con 
nected to control the operation of said regulator; 
a Source of controlling pressure fluid communicat 
ing with said pressure responsive means; force 
exerting means responsive to changes in magni 
tude of the condition to be regulated and con 
nected to control the application of the pres 
sure fluid from said source; a second pressure 
fluid responsive means also communicating with 
said source of pressure fluid and connected to 
oppose the action of said force exerting means 
On Said Source of pressure fluid; and flow resist 
ing means between said source of pressure fluid 
and said second responsive means, the construc 
tion and arrangement being such that actuating 
Or adjusting movement of said source of pres 
Sure fluid imparted by said opposed force ex 
erting means and said second pressure fluid re 
sponsive means results in said first mentioned fli 
id pressure responsive means controlling the op 
eration of said regulator in response to a resultant 
pressure influenced by a pressure proportional to 
the change in the physical condition to be regu 
lated and influenced by a second pressure propor 
tional to the rate of change of said physical con 
dition. - 

4. Temperature regulating or governing appa 
ratus comprising, in combination, a source of 
heat for the appliance in which the temperature 
is to be regulated or governed; a throttling mem 
ber in the source of heat supply; a fluid pressure 
operated servo-motor connected to operate the 
throttling member; fluid pressure responsive 
means connected to control the operation of the 
servo-motor; and means for supplying fluid un 
der pressure to said fluid pressure responsive 
means at a pressure influenced by both the tem 
perature to be governed and the rate of change of 
said temperature, including a source of fluid pres 
Sure, a chamber communicating with the source 
of pressure and with the pressure responsive 
means, a second chamber communicating with 
said first named chamber; flow resisting means 
between said chambers to provide a difference 
in pressure in said chamber proportional to the 
quantity of pressure fluid flowing therethrough; 

60 

and controlling means connected to vary the 
pressure fluid Supply to said first named chamber 
comprising a measuring System exerting a force 
proportional to the instant temperature to be 
governed and a measuring device communicating 
with the second chamber exerting an opposing 
force proportional to the pressure in said second 
named chamber. 

5. Temperature regulating or governing appa 
ratus comprising, in combination, a source of heat 
for the appliance in which the temperature is to 
be regulated or governed; a throttling member 
in the source of heat supply; a fluid pressure 
operated servo-motor connected to operate said 
throttling member; fluid pressure responsive 
means connected to control the operation of the 
servo-motor; means for supplying fluid under 
pressure to said fluid pressure responsive means 
at a pressure influenced by both the instant tem 
perature to be governed and the rate of change 
of said temperature, including a source of fluid 
pressure, a chamber communicating with the 
source of pressure and with the pressure rer 

3. 
sponsive means, a second chamber communi 
cating with said first named chamber, flow re 
sisting means between said chambers to provide 
a difference in pressure in Said chamber propor 
tional to the quantity of pressure fluid flowing 
therethrough; and controlling means connected 
to vary the pressure fluid supply to said first 
named chamber comprising a measuring system 
exerting a force proportional to the instant tem 
perature to be governed and a measuring device 
communicating with the second chamber exert 
ing an opposing force proportional to the pressure 
in said second named chamber, and an auxiliary pressure chamber communicating with said sec 
ond chamber. 

6. In regulating or governing apparatus of the 
character described, in combination, a fluid pres 
sure operated regulator for a condition to be 
regulated; a Source of fluid pressure to actuate 
Said regulator; fluid pressure responsive means 
connected to control the application of the fluid 
pressure which actuates the regulator; a second 
source of fluid pressure connected to supply pres 
Sure to said fluid pressure responsive means; 
means responsive to changes in the condition to 100 
be regulated connected to control the application 
of pressure from said second source of fluid pres 
sure; a second pressure responsive means comi 
municating with said second source of pressure 
and connected to oppose the action of Said con 
dition responsive means on said second source of 
fluid pressure; and means to impede the passage 
of fluid pressure from said second source of fluid 
pressure to said second fluid pressure responsive 
e.S. 
7. In regulating or governing apparatus of 

the character described, in combination, a regu 
lator for a condition to be regulated; Operating 
means therefor; fluid pressure operated means 
responsive to variations in fluid pressure to con- 15 
trol said operating means; fluid pressure sup 
plying means for said fluid pressure operated 
means; actuating means responsive to changes 
in the condition to be: regulated connected to 
actuate said fluid pressure supplying means and 120 
vary the amount of pressure fluid supplied there 
by to said fluid pressure operated means; oppos 
ing means, responsive to pressure fluid supplied 
by said pressure fluid supplying means, to influ 
ence said fluid pressure supplying means in op- 125 
position to said actuating means; and means to 
impede the passage of fluid pressure to said op 
posing neans. 

8. In apparatus of the character described, in 
combination, a regulator for a condition to be 130 
regulated; operating means connected to the 
regulator; a source of energy connected to con 
trol said operating means; governing means con 
nected to control the application of the energy 
including a device responsive to changes in the 
condition to be regulated and opposing means 
controlled by the source of energy and acting 
upon the source of energy in opposition to the , 
action of the governing means; and maans to 
render the action of the opposing means at first 140 
unequal to the action of the governing means but 
to permit the action of said opposing means grad 
ually to equal the action of said governing means. 

9. In apparatus for regulating temperature in 
a space, in combination, heat supplying means; 145 
a regulator therefor; operating means for the 
regulator; a source of energy connected to con 
trol the operating means; governing means in 
fluenced by changes in the temperature in said 
space and connected to govern the application of 150 
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by the applied energy and acting upon the source 
of energy in opposition to the action thereon of 
said governing means; and means to render the 
action of the opposing means at first unequal to 
the action of the governing means but to permit 
the action of said opposing means gradually to 
equal the acticn of said governing means. . 

10. That method of regulating or governing 
temperature in a heated space which comprises 
delivering fluid under pressure from a source of 
substantially constant pressure fluid to a govern 
ing chamber; varying the quantity of the fluid 
delivered to the governing chamber in response 
to changes in temperature in the heated space; 
simultaneously and gradually modifying the fluid 
pressure in the governing chamber as the tem 
perature in the heated space changes; and ap 
plying the modified pressure to control the sup 
ply of heat to Said Space. 

11. That method of regulating or governing 
temperature in a heated space which comprises 
directing a jet of fluid under substantially con 
stant pressure into a governing chamber; con 
trolling the jet to vary the quantity of fluid de 
livered to the chamber in response to changes in 
temperature in the heated space; modifying the 
fluid pressure in the governing chamber by re 
sistance to flow of the fluid as the temperature 
in the heated space changes; and applying the 
modified pressure in the governing chamber to 
control the supply of fuel which heats said space. 

12. Apparatus for maintaining the tempera 

5 
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ture of a body comprising, in combination, means 
to control the application of heat to said body; 
means to create a governing force proportional 
at all times to the algebraic sum of the tempera 
ture change and rate of change in the body; and 
means operable in response to changes in said 
force to actuate the control means. 

13. Apparatus for maintaining temperature, 
pressure or other controllable. condition substan 
tially constant comprising, in combination, means 
to control said condition; means to create a gov 
erning force proportional at all times to the 
algebraic sum of the condition change and rate 
of condition change; and means operable in re 
sponse to changes in said force to actuate said 
control means. 

14. That method of maintaining a controllable 
condition substantially constant which is char 
acterized by measuring said condition; creating a 
governing force controlled by the measurement 
and variations of said condition which is propor 
tional at all times to the algebraic sum of the 
change and the rate of change of the condition; 
and applying said governing force to control the 
condition. 

15. That method of maintaining the tempera 
ture or pressure of a fluid substantially constant, 
which is characterized by creating a governing 
force which is proportional at all times to the 
algebraic sum of the condition change and the 105 
rate of change; and applying said force to con 
trol the condition. GUIDO WNSCH. 
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