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1 
This invention relates to a pneumatically-Op? 

erated contro1 instrument having proportional, 
derivative and/or reset responses. 
The present invention has forits purpose the 

provision of a controller of the mentioned type 
in which the sensitivity thereOf Can be adjuSted 
over an especially wide range without the use of 
a system of mechanical levers; in which the fol 
low-up mechanism is essentially free of friction; 
and in which the derivative reSponse Can be 
adjusted to a time constant as low as three Sec? 
ondswithout the need of using an unuSually large 
capacity in the Controller Output line. 
The various features of the invention Will ap? 

bear from the detailed description and claims 
when taken with the draWings in Which: 
Fig.1 diagrammatically illustrates the Control 

instrument of the present invention incorporated 
in a temperature control SyStem; and 
Fig.2is a side view of the follow-up unit form? 

ing a part of the instrument. 
Inthe Control Systemillustratedin Fig?1, there 

is provided a tank T containing material the 
temperature of which is to be acCurately main? 
tained at a given value A temperature regu? 
1ating medium such as steam is introduced into 
thistank through a pipe P under the control of 
a diaphragm motor valve V In order to Sense 
variations in the temperature of the material in 
the tank?so that the valve V can be positioned to 
accurately govern the flow of the temperature 
Correcting medium to the tank T?there is pro 
vided a thermosensitive tube System compriSing 
a bulb 5 communicating through a Capillary tube 
6 with a hollow spiral Bourdon Spring T The 
tube system the bulb 5 of which projects into 
the material in the tank is filled with a sensitive 
fluid. - 

Theinner end ofthe Bourdon Spring T is fixedly 
mounted at 0 while its Outer or free end is pro 
vided with a take-off arm 9. This take-Off arm 
is connected by a 1ink 40 to one end of a bafle 
1ever II, the other end of which is pivotally 
mounted at 42 on a fixed Support The inter? 
mediate portion of the lever carries a bafle 13, 
herein illustrated as being Cylindrical in form. 
A nozzle l4 carried On the free end Of the nOZZle 
pipe I5 wastes air to the atmosphere under the 
Contro1of the bafle 3. The noZZle pipe is pivoted 
at 46 and at this region there are introduced 
several Coils in the pipetogive it flexibility The 
nozzle pipe communicates throughthe conduit IT 
and a restriction 18 with a Source Of COnpreSSed 
air or the like It Will be understood that as the 
temperature changes at the buib 5 Of the tube 
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2 
System the Bourdon Spring 7 will move the bafle 
I3 toward or away from the nozzle I4 depending 
On the direction ofthe temperature change?This 
will Vary the back pressure in the nozzle pipe l5 
which communicates through conduit 19, restric 
tion 20 and Capacity 21?with the capsular cham? 
ber 23 of a power relay valve 24. A source of 
CompreSSed air orthe like issupplied to the valve 
24 which under the Control of the back pressure 
in the CapSular Chamber 23 effects an amplified 
preSSure Change at the output of relay valve 24 
that is for example tentimes greater than the 
back preSSure change The Compressed air in 
the Output of relay valve when controlled in the 
manner juSt deSCribed is applied through conduit 
26 to the diaphragm motor top of the valve V. 
It will be understood that the restriction 20 and 
Capacity 2I serve to keep pneumatically stable, 
the follow-up mechanism to be described These 
elements also Serve to render the relay valve24 
1eSS SuSCeptible to mechanical vibration of the 
Several parts of the control mechanism since the 
mentioned elements do not permit this valve to 
give a full amplitude response to bafie motions, 
hawing a frequency larger than for example one 
Cycle per Second. 

If for example the temperature at the bulb 5 
inCreaSes the Bourdon spring 7 will raise the 
bafle a very Slight distance awayfrom the nozzle 
thereby reducing the back pressure in the nozzle 
pipe l5 and the capsular chamber23tending to 
Open the inlet port of the relay valve 24, a slight 
amount Compressed air at an increased pres 
Sure is Supplied through this relay valve to the 
diaphragm motor of the valve V tending to shut 
of the steam to thetank T A dropintempera 
tureat the bulbeffects a similar operation but in 
the reverse sense. 
The pipe 19 also communicates through the 

adjustable needle valve 27 and a capacity 28 as 
wellas through a pipe 29 with the capsular dia 
phragm 30 of a force balance type of amplifying 
relay valve 3f which is herein indicated within 
the broken line rectangle It should be men 
tioned that the needle valve 27 and capacity 28 
tend to introducean adjustabletime delayin the 
follow-up action to be described thereby provid 
ing What is known in the art as derivative action. 
Por those applications where derivative actionis 
not required pipe l9 may C9mmunicate directly 
through a pipewith capsulardiaphragm30. The 
diaphragm 30 is provided with an upwardly ex 
tending stud 32 ina position to engage the under 
Side of the movable end of a bafle lever33. This 
bame leveris pivotally supported at its left end 
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on a 1eaf hinge 3? The right end of this lever 
carries a bafle35 in operative re?ationto a nOZZle 
36. A spring 37 having one end engaging a fixed 
part of the frame and its other end engaging the 
top of the bafle levertends to hold this 1ever 33 
in Contact with the stud 32. The nozzle 36 com? 
municates through a pipe 38 and the restriction 
39, with a Source of Compressed air or the like, 
Pipe38 also Communicates through a restriction 
40 with a capsular diaphragm 41. This dia? 
phragm is provided with a downwardly directed 
stud 42 positioned to engage the upper side of 
the bafle lever 33. Bythis Construction the two 
capsular chambers since they tend to move the 
bafle1ever in opposite directions will be efective 
to position the bafe35with respect to the nozzie 
until the change in pressure on Capsular dia? 
phragm 44 tends to produce a moment in bafle 
1ever33 which opposes any moment produced by 
changes in pressure on diaphragm 30 The Sev? 
eral parts may be so designed that the amplifica? 
tion between input pressure and Output preSSure 
is?for example?ten It Should also be pointed 
out that the restriction 49 and the Capacity of 
the capsular diaphragra chamber 4t Serve to 
keep pneumatically stable the followup mecha 
nism to be described As built these elementS 
do not permit diaphragrn 4i to give a full ampli? 
tüde response to preSSures in 38 having a fre? 
quency larger than about 1 Cycle per Second. 
The pipe 38 communicates with a bellows 44 

of a followup and reset bellows unit the Con? 
struction of which is illustrated in Fig 2. This 
*jellows unit comprises a fixed Support 45 to the 
1öwer surface of which there is Sealed the Open 
end of the bellows 44 A second bellOWS 46 haS 
its openread sealed to the upper end of the Sup 
port so that the free endof this bellows projects 
upward A rectangularyoke 49engages the free 
ends of the bellows 44 and the bellows 46 to be 
imoved thereby Thus when the pressure in bel? 
10ws??6?is less than that in bellows 44 the yoke 
49 will move downward and since this yoke is 
?orineeted by a leaf hinge 50 to the nozzle pipe 
45?this pipe will-alsomove downward toseparate 
the nozzle 14 from the bafle l3 a slight amount. 
inasimilarmanner when?he pressgre inbellows 
46 isgreater than that in bellows 44 the SeVeral 
parts willoperate in the reverse sense to raake 
the nozzle #4 approach the bafle 13. It Shoüld 
Bementioned that the Spring5i attached to yoke 
49 can have its tension adjusted by the krturled 
?adjusting knob 52 so that one Gr the other of 
the bellows 44 and ?6 can be stretched and the 
öther compressed until their effective areaS are 
-equa1. It wasfoundexperimentallythabastand? 
?ard bellowschanges its efective area with posi? 
tion such that as the bellows is extended from 
its free 1ength the effective area deCreases and 
?s it is compressed its effective area inoreaseS. 
This efective area is not changed by the mag? 
ritude of pressure in the bellows -and depends 
wipon positionalone?Bymeans of biasing Spring, 
süehas51?itis possibletotaketwo bellows which 
areöfthe same nominal area andextend Oneand 
?simultaneouslycompress theotheruntilthe areas 
“are exactly matched. 

Abranch pipe connection 54, which Communi? 
*cates with pipe 38?also communicates through 
the sensitivity adjusting needle Valve 55 and 
through pipes 56 and ? to the interior of bel 
1ows 46. This 1ast mentioned Connection to 
gether with a connection?including reStrictiOn 
66?and pipe 5??to be described supply pressure 
fluid to bellows 46 which tends to Oppose the 

10 

15 

20 

25 

30 

40 

50 

?55 

*the capsularchamber 33. 

4 
followup action of bellows ?4 by an adjustable 
amount to provide adjuStable Sensitivity Where 
adjustable sensitivity is defined as the amount 
of Opening or closing of valve V in response to 
a given movement of bafie l3. The preferred 
1ocations of restrictions 55 and 66 are as Shown 
in Fig.1 although, they may be interchanged. 
The branch pipe 54 also Communicates through 
pipe 57 reset time adjusting needle valve 53, 
capacity 59 and pipe 60, to the diaphragm cham 
ber 64 of the Oae to one relay Valve S3. By the 
use of such a relay valve the cutput pressure 
thereof to restriction 66 is equal to he input 
pressuire in pipe 60 leading thereto. Thus this 
relay functions to apply the pressure of line 60 
to restriction 66 without perraitting direct flow 
between 60 and 66 Any one-to-One relay will be 
suitable forthis purpose The relay herein disclosed comprises the input 
or diaphragm Chamber 64 defined by the dia? 
phragm 62 and the lower part Of the Shallow 
Cylindrical Casing 64. The upper part of the 
Casing together with the Giaphragn 62 defined 
the Output Chamber 65 of the relay which com 
munieates through the restriction G6 with the 
pipe 57' ASource"Cf preSSure fluid Such as Com 
1preSSed air is supplied through pipe 6? and re 
striction 68 to the output chamber. The top of 
the Casing isalSo providedwith an opening which 
functions as n0ZZle 69?while a bal Valve ?0 aC 
tuated by the diaphragra 62, acts as a bafle to 
govern the Waste Of CornpreSSed air frorn the out 
put Chamber to the atmoSphere until the pres 
Sures in the Cutput and input Chambers are Sub 
stantially equal The effective area of the top 
surface of the diaphragm is reduced by the area 
of the nozzle 69. This tends to make the gain 
Gf the relay greater than unity?since a greater 
Change in preSSure in the upper Charnber than 
in the lower chamber is required to bring about 
an equilibrium Condition in these chambers. 
HOWever by properly selecting the spring rate of 
spring T! the gain can be made almost exactly 
ünity Theiaitial Compression inspring H must 
*be greater than supply preSSure times port area 
69SO that the bal170 will neverfailto make Con 
tact with plate 64, 
The arrangement of the power relay 24 in the 

pneumatic circuits of the present controller, 
inakesit possibleto operate from the output pres 
Sure of this pOWer relay a valve V with a dia 
phragm motor of any desired volumewithout in any Way Changing the proportional reset and 
derivative responses whicharealleffected directly 
from the back pressure in the nozzle pipe. 
Töhas been pointed Out above how'an increase 

?n temperatureat the bulb 5 operates the Bour 
don Spring 7 to raise the bafie 3 a very slight 
distanCe away from the nozzle?thereby reducing 
the backpreSSure in the nozzle pipe H5?andalso 
that this"reduction in back pressure actuates the 
relay Walve 24 Which Supplies Compressed airat 
inCreaSed preSSure to the diaphragrn motor of 
the Valve V tending to shut off the steam to the 
tank T At the Same time the reduction in back 
preSSure in?aozzle pipe 5 is supplied through the 
heedle valve 27, the CapaGity 28, and pipe 39 to 

This results ina siight 
withdraWal of the bafle 35 from the nozzle 36 
therebyrnodifyingthe pressure ofthe airsupplied 
throughthe restriction39, pipe38?to the capsular 
diaphragm 41 The pressure of the air thus sup 
pliedis reduced untilthepressure in the capsular 
diaphragm 4H?is equal to that in the capsular 
-diaphragna 36. The reductionin pressure in pipe 
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38 is communicated to the bellows 44 whichtends 
to contract thereby moving the nozzle pipe I5 
and its nozzle toward the bafle 30 at the Same 
time, but at a delayed rate the reduced preSSure 
in the pipe 34 is communicated through pipe 60 
and the one-to-one relay valve 63 and pipe 57'? 
1eading to the bellows 46. Bellows 46tends to 
cance1 out the follow-up action of the bellows 44, 
thereby tendingto restore the initial bafle nozzle 
separation A drop in pressure at the bulb 5 
assures a similar operation of the Controller but 
in the reVerse SenSe. ? - 

It should be noted that the Sensitivity adjust? 
ment in the present Controller is effected by 
simply turning the knob of the needle Walve 55, 
the operation of which iS Such that its reference 
scale Can have uniformly Spaced graduations 
throughout This construction obviates the need 
of levers and pivots necessary in conventional 
sensitivity reducing arrangements. 
As compared with prior controllers of thistype, 

the present controller has a follow-up unit in 
which the number of pivots has been S0 reduced 
that friction has been greatly minimized with the 
resultant increase in acCuracy of Operation. 
What I Clain1 iS: 
1. In a Controller, mechanism for sensing 

changesin a variable Condition, a Source ofelastic 
fluid under preSSure, a pneumatic Couple Com? 
prising a nozzle element and a bafle element rela? 
tively movable with respect to each other a re? 
striction through which Said fluid is Supplied to 
Said nozzle, means including Said mechanism for 
relatively moving Said bafle and noZzle Whereby 
the back pressure in the nozzle is changed in 
amounts correSponding to changes in the Wari? 
able a pneumatically operated control device, 
means responsive in Correspondence with Said 
back pressure for Supplying throttled pressure 
fluid to Such device a follow-up unit tending to 
reduce any given relative movement of Said ele? 
ments without moving Said mechaniSm?Said 
follow-up unit including two pressure chambers 
and means responsive to the difference in preS 
sure in Said chambers for moving one of Said 
elements in a direction tending to reduce any 
relative movement therebetWeen, means for 
applying to one of Said chambers a preSSure 
Corresponding to said back preSSure and govern? 
ing means for Supplying fluid under modifying 
1pressure to Said other chamber Said governing 
means comprising two restrictions each of which 
Communicates with Said other chamber one of 
which restrictions is supplied With fluid under a 
given pressure the other of the restrictions being 
suppliedwith fluid under a pressure proportional 
to Said back preSSure, 

2. In a controller mechanism for sensing 
changesina variable Condition a Source Of elastic 
fluid under pressure a pneumatic couple compris 
ing a nozzle element and a bafle element rela? 
tively movable with respect to each other a re 
striction through which Said fluid is Supplied to 
Said nozzle, means including Said mechaniSm for 
relatively moving Said bafle and nozzle in re? 
sponse to changes in Said Variable whereby the 
back preSSure inthe nozzle is Changedin amountS 
corresponding to Said changes a pneumatically 
operated control device, means reSponsive in 
correspondence with Said back preSSure for 
supplying throttled pressure fluid to such device, 
a followup unit tendingto reduce any given rela 
tive movement of Said elementS Said followup 
unit including tWO preSSure Chambers, meanS 
reSponsive to the difference in preSSure in Said 

10 

20 

25 

30 

35 

40 

55 

60 

65 

70 

75 

6 
chambers for moving one of Said elements in a 
direction tending to reduce any relative move 
ment therebetween without substantially inter? 
fering with the free deflection of Said mecha 
nism, means for applying to One of Said cham? 
bers a preSSure Corresponding to Said back preS? 
sure a pressure divider circuit consisting of a 
fixed restriction and a variable restriction in 
series, means for Supplying a fixed pressure to 
one end of Said divider Circuit, means for supply? 
ing a pressure correspondingtosaid backpressure 
to the other end of Said preSSure divider Circuit, 
and nneans for Supplying the resultant preSSure 
OCCurring between the fixed and Wariable restriC? 
tions of Said preSSure divider to Said other pres? 
Sure Chamber. ? - * 

3?In a Controller mechanism for Sensing 
changeSin a Wariable Condition, a Source ofelastic 
fluid under preSSure, a pneumatic couple Com 
prising a nozzle element and a bafie element rela 
tively movable with reSpect to each other a re 
Striction through which Said fluid is Supplied to 
Said nOZZle Which nozzle Wastes fluid to the at? 
nnOSphere, means inCluding Said mechaniSm for 
relatively moving Said bafle and nozzle in re 
sponse to changes in said variable whereby the 
back preSSure inthe nozzle is changedin amounts 
Corresponding to said changes a pneumatically 
Operated control device means responsive in 
CorreSpondence With Said back pressure for Sup 
plying throttled pressure fluid to Such device, a 
followup unit tending to reduce any given rela? 
tive movement of Said elements?said followup 
unit including two pressure chambers, means re 
Sponsive to the difference in pressure in Said 
ChanaberS for moving One of Said elements in a 
direction tending to reduce any relative move 
ment therebetween, means for applying to one 
Of Said chambers a pressure Correspondingto said 
back preSSure a pressure divider circuit consist 
ing Of a fixed reStriction and a Wariable restric 
tion in Series means for Supplying a fixed pres 
Sure to One end of Said divider circuit, means for 
Supplying a preSSure CorreSponding to Said back 
preSSure to the Other end of said pressure divider 
CirCuit and means for supplying the resultant 
DreSSure OCCurring between the fixed and Wari 
able restrictions of Said pressure divider to said 
Other preSSure chamber. 

4. In a Controller mechanism for sensing 
Changes in a variable condition, a source of elas? 
tic fluid under pressure a pneumatic couple com? 
prising anozzleelement and a bafleelement rela? 
tively movable with respect to each other a re 
Striction through which said fluidis supplied to 
Said nozzle means including said mechanism for 
moving One of saidelements relative to the other 
in reSpOnse to changes in Said variable whereby 
the back pressure in the nozzle is changed in 
amounts CorreSponding to Said changes a pneu? 
matically Operated Control device means respon 
Sive in correspondence with said back pressure 
forsupplyingthrottled pressurefluid to such de 
Vice?a followup unit tending to reduce any given 
relative movement of Saidelements said followup 
unit including tW0 preSSure chambers, means re? 
Sponsive to the difference in pressure in said 
chambers for moving One of Said elements in a 
direction tending to reduce any relative move 
ment therebetween while applying Substantially 
no force to Said mechanism means for applying 
to One of Said chambers an actuating pressure 
Corresponding to Said back pressure, a pressure 
divider circuit consisting of a fixed restriction 
and a Variable restriction in series, means for 
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*Upplyiag said actuating pressure to one end of 
the pressure divider circuit means whichinclude 
a restrictionand a capacityforsuppiyinga modi 
fled actuating pressure to the other end of the 
Pressuredividercircuit and means for supplying 
*he resultant pressure ocourring between the 
fixed and Wariable restrictions of Said pressure 
dividertosaidother pressure chamber. 

5. In a Controller, mechanism for sensing 
-Ghaagesin a Variable condition a source ofelas? 
tic fluid under preSSure a pneurnatic couplecom 
JriSing a nOzzle element and a bafle element rela 
;tively movable with respect to each other a re? 
StriCtion through Which Said fluid is Supplied to 
?aid nozzle which nozzle Wastes fiuid to the at 
m0Sphere means including Said mechanisma for 
Telatively moVing Said bafle and nOZzle in re 
?sponse to Changes in Said Wariable whereby the 
back preSSureinthe nOZzle ischangedinamounts 
*Corresponding to Said Changes, a pneumatiCally 
Operated Contr01 device, means reSponsive in Cor? 
1'espondence With Said back pressure for Supply? 
ing throttled pressure fiuid to Such device?a fol? 
10Wup unit tending to reduce any given relative 
rnovernent Of Said elennentS?Said follOWup Unit? 
inCluding tWO pressure Chanabers, rneans reSpOn? 
:SiVe to the difference in pressure in Said charn? 
bers for rnOVing One Of Saidelements in a direc? 
tion tending to reduce any relative movement 
therebetween, means for applying to One Of Said 
Chambers an actuating preSSure CorreSpOnding 
to said back preSSure, a preSSure divider Circuit 
consisting of a fixed reStriction and a Variable 
1estriction in series, means for Supplying Said 
actuating preSSure to One end Of the preSSure 
divider circuit means which include another 
Wariable restriction and a capacity for Supplying 
a modified actuating presSure to the Other ead 
of the pressure divider circuit and means for 
supplying the reSultant pressure OcCurring be? 
?tween the fixed and Wariable restrictions Of Said 
pressure-divider to said other pressure Chamber. 

6. In a Controller, naechaniSm for Sensing 
:Changesina variable Condition a source Of elaS? 
tic fluid underpreSSure a pneumatic COuple COm? 
prisinga nozzleelement and a bafleelement rela? 
tively movable with respect to each other a re? 
striction through which Said fluid is Supplied to 
said nozzle?means including Said mechanism for 
rnoving one of-said.elements relative to the Other 
*in response tochanges in Said Variable Whereby 
?he back pressure in the nozzle is Charaged in 
?amounts corresponding to Said changes a pneu? 
*matically operatedicontrol:device means reSpOn 
8ive inicorrespondence with Said back preSSure 
forsupplying throttied pressure fluid to Such de? 
vice a followup unit tending to reduce anygiven 
;relative movementiof saidelements Said followup 
;unit including two preSSure ChamberS rneans re? 
sponsive to the difference in pressure in said 
*Gharribers for moving one of saidelements in a 
?directiontending to reduce any relative mOVe? 
“meat therebetween without Substantially inter? 
?eringwith the freedeflection of Said mechanism? 
meBas for;applying to one of Said Chambers an 
actuating pressure corresponding to Said back 
pressure a pressuredivider Circuit consisting Of 
?a fixed restriction and a variable restriction in 
series means for supplying Saidactuating preS? 
:sure to one end of the pressure divider Circuit, 
meanswhichincludeanothervariable restriction Capacity,andrelayvalve forsupplyinga na0dified 
actuating pressure to theotherend of the pres? 
sure-dividereircuit and means forsupplying the 
resultant pressure occurring between the fixed 
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8 
and Wariable reStrictions of Said pressure divider 
to Said other pressure chamber. 

7. In a Controller mechanism for sensing 
Changes in a Variable Condition, a Souree Ofelas 
tic fiuid under pressure a pneumatic Couple c001 
prising a nO2zle eleraentand a bafle-elernent rela 
tively movable with reSpect to each other a re 
Striction through Which Said fluid is Supplied t0 
said nozzle Which n0ZZle Wastes fluid to the at 
IQOSphere rneaas inCluding Said naechanism for 
relatively mOVing Said bafie and nOZZle in re 
Sponse t0 changes in Said Variable whereby the 
back preSSure in the nOZzle ischangedin arnounts 
CorreSp0nding to Said Changes, a pneumatically 
Operated controldeviCe meaaS reSponsive in Cor? 
1'espondence with Said back pressure for Supply? 
ing throttled pregsure fluid to Said device, a fol 
10Wup unit tending to reduce any given relative 
movernent of said elements said followup unit 
inCluding tWO preSSure CharnberS, nleanS reSpOn? 
Sive to the difference in preSSure in Said Charn? 
bers for331oving Crae Of saidelernents in a direc? 
tion tending to reduce any relative maOvement 
therebetween, aneans for applying to One of Said 
chambers.anactliating preSSure Corresp0ndingt0 
Said back pressure a preSSure dividercircuit Con 
sisting of a fixed restriction and a Variable re? 
&trictionin.series means for Supplying Said actu? 
?a?ing pressure to oneend of the pressure divider 
G?Guit, means which iraelude another Variable re? 
8triction Capacity and relay Valve for Supplying 
a raodified actuating preSSure to the Other end 
of the preSSure Givider GirCuit and faeans for 
gapplying the resultant preSSure OCCurring be? 
tWeea the fixed and Wariable restrictionS Of Said 
pressure divider to said other pressure chamber. 
8. In a Controller n3chaniSBi for SenSing 

Ghangesina Variable Coadition a SQürce Of elaS? 
;tic fluid under preSSure a paeurnatic Couple Com? 
prising a nozzle-element aad a bafle elemeat 
relatively movable With respec? to each Other a 
?estrietion through which Said fluidis Supplied to 
Said nozzle naeans inGlü?rag Said mechanism for 
rslatively naoving Said bafle arad nozzle in re 
Sponse to changes in Said Variable whereby the 
back pressure inthe aozzle ischaaged in amount8 
corresponding to.said Changes a paeumatically 
?Operated Control device, raeaaS reSpCasive iia COr? 
.reSpondence with Said back presS11re for Supply? 
iag throttled pre8811re fiuid bo Sugh device a 
followup unit tendiagto reduce aay given rela 
tive movement of Said elementS, &ai? folloWup 
ünit including two pressure chambers faeans re 
Sponsive to the di?erence in preSSüre in Said 
Chaaabers for rnoving One of Said ejexaerats in a 
direction tending to reduce any relative iY10Ve 
ment therebetween without anoviag said YYaecha 
nisra, means for applying to One Of Said Chara 
bers a preSSure correSponding to Said throttled 
pressure a preSSure divider circuit Coasisting of a 
fi?ed restriction anG a Variable restriction in 
series, means for supplying a fixed presSt?re to 
Qrle enä Of Said diVide Gircuit, naeans for S1:ppiy? 
ing a preSSure CorreSpGnding to Said ?hrottled 
pressüre to the other end of said preSSure divider 
circuit and means for Supplying the reSuitant 
pressure 0ccurring betweeY1the fixed and variabie 
restrictionS Of Said preSStare divider to Said Other 
pressure chamber. 

9. In a Controller, mechanisza for Sensing 
changes in a Variable Corldition a SOürce of elaS 
tic fuidtrader preSSure a piael?natic Coup?e CO?m? 
prising a nozzle eiernent and a bafle e1eraent 
relatively movable with respect to each other, 
a restriction through which.Said fluid is Supplied 
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to said nozzle means including Said naechanism 
for moving One of Said elements relative to the 
other in response to changes in Said Variable 
whereby the back pressure in the nozzle is 
changed in an10unts COTreSpOnding to Said 
changes, a pneumatiCally Operated COntrol de 
Vice, means reSponsive in CorreSpondence With 
Said back preSSure for Supplying throttled preS 
Sure fluid to SU1ch device means for prOdaciag 
an actuating preSSure which n1eans includes 3 
resistance, Capacity and relay Valve to which Said 
back preSSure is applied a followup unit tendiag 
to reduce any given relative movement of Said 
elementS?Said followup unit ingluding tWO preS 
Sure ChamberS, naeans reSpOnsive to the differenCe 
in pressure in Said chambers for moving One Of 
Said elements in a direction tending to reduce 
any relative movement therebetween, means for 
applying to One Of Said Chambers Said actuating 
presSure a preSSure divider Circuit consisting of 
a fixed restriction and a Variable restrictior ira 
Series, rneans for Supplying Said actuating preS? 
Sure to One end of the preSSure divider Circuit, 
means which inClude another Variable restriction, 
capacity and relay valve for supplying a modified 
actuating preSStare to the Other end of the preS… 
sure divider Circuit, and nneans for Supplying the 
reSultant preSSure OCCurring betWeen the fixed 
and Variable restrictions of Said preSSure divider 
to Said Other preSSure Charnber. 

10. In a Controller, mechanism for Sensing 
Changes in a Variable COndition a SOurCe Of elaS 
tic fluid under presSure, a pneurnatic Couple 
Conaprising a nozzle element and a bafle elernent 
relatively movable with respect to each other a 
TeStriction through Which Said fluidis Supplied to 
Said nozzle, means including Said mechanism for 
moving One Of Said elements relative to the Other 
in response to changes in Said Wariable whereby 
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the back preSSure in the nOZzie iS Changed in 
amounts Corresponding to Said changes a pneu 
1118tiCally Operated Coatrol device, Yaeans respOn? 
Sive in COrreSpOnderaCe With Said back preSSure 
for Supplying throttled preSSt11e flu?i to SuGh 
deWiCe, means for producing an actuating pres 
Sure Which means includes a restriction, Capacity 
and relay Valve to which Said back preSSure is 
applied a followup unit tending bo reduce any 
given relative moveraent of Said elerrients, Said 
followup unit including two pressure chambers, 
means reSpOnsive to the difference in pressure in 
Said Channbers for rnOVing the One Of Said ele 
ments in a direCtion tending to reduce any rela 
tive nOVerlent therebetWeen?Kneans for applyif1g 
to One of Said ChamberS Said actuating preSSure, 
a preSSure diVide1 CirCuit CorlSisting Of a fiXed 
restrietion and a Wariable restriction in Series, 
Ineans for supplying Said actuating preSSure tO 
One end of the preSSure divider Gircuit naeans 
for Supplying a given preSSure to the Other end 
Of the preSSure divider Gircuit, and means for 
Supplying the reSultant preSSure Oceurring be? 
tween the fixed and Wariable restrictionS Of Said 
preSSure divider to Said Other preSSure Chamber. 

?LLIOT H. WOODHULL. 
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