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This invention relates to an improvement in 
control instrinets of the kind Sedi in connec 
tion with power operated valves or like devices 
to govern the 73 ille of a variable, and particu 
larly concerns az improved means, adaptable to 
various kinds of standard instruments, for main 
taining a predetermined ratio get ween the value 
of a controlled of dependent variable and that of 
another variaje, the atter being is siegendent or 
controllied frog ag2 externai SOE'33, 

One oceet of his intentiar. is a provide 
means whici may be adivariageously used either, 
to contro: a dege:cient, variahis is exact, accord 
agace Wii, tag 33.23.giag waits of 33 in-dependent, 

in Sgine cities finc 
2 is a yais, i3 is, i.2 cShange 

it gasia is 3237 desirably 
1. 32 tie iciange ir valie of 

tise in siegelief faiiahis, 3: 322 7Site may vary 
i: , "eati; Siege, gas le S3:3re root, or other 
i.efi Rig ific isers. 
A 33: . if this icy eiti 

3, a fic coaxixo 2:23chanism. Wii 
corporated into 7:iis 
Strailer?;3 is: 
i23 of 3.8 s.3283.3d 3832, 
cc;a"ci af & 
alteration, 3. 
risii to it 
certain: 52.2 
indicatiig gag: 
illustrated, f: 

variabie, Oz is accordance Ki: 
iO3, of i 
is 72.2.2 
kee & isca 

. Yay e ii 
sis is of Sianiard in 

8 K, 33:22.8 opera 
is: 2 2se? for the 

i:2gis waiiable, 332ne ina: a sight 
al:5 is enable the Saine necina 
di, ag a raig gaišice. While 

3.5" (32 center, as 
2's Sier, of the 

United States at 3ristoi et ai, ii. 3., 52, and 
while £iae corresponding acns of other instru 
22eriS i.e. iii.2i} givotai Qiants arranged in 
stradidied isia,3: 23 shoya ir isy finited States 
Patient Sc. 2,353,388, t:ke device agei: Soyia and 
descried ai; “Weii adapiad for either kind 
of Ogerating &SSeiblf, 

tiér ogject ; this inveration to pro 
wide a raig ectrc mechanism withici may baset 
to maintain the seisected value diaerential by the 
Sale inaaaS Roraily Sei in the its ment for 
determining tika contro: setting of a singie wari 
aloie, tae set difference being indicated or re 
corded C2 tie is a scale of calibratic. 

is carrying out the preferred fog3R of this in 
ventioi, i laye Sustisted for the Staai operat 
ing connections etween the condition responsive 
elements, sile; as helical cois, and the power 
scontrolling istica, Such as a 2022ie and flapper, 
a movement, comprising four separate anembers 
having the general configuration of a parallelo 

- 
A. 

is & 

gram, namely, a four-sided figure in which the 
opposite sides are always substantially parallel 
during all operating positions, and by combining. 
an adjustable can 'with one of these saenbers I 
vary the nozzle-iapper relation relatively to the 
coil snoyeisherit to obtain the contro; differential 
required. Secause of the configuration of these 
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is $6) provide 
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position of the gas wer. Se folio: g 

parts, I an able to produce the results desired by 
means of a simple and effective mechanism. 
The invention will be more fully understood, 

and further objects and advantages will appea: 
from the following description taken in cond seg 
tion with the accompanying drawing, in winich.: 

Fig. 1 is a front elevation of a portion of a: 
air-operated indicating pressure controle scovy 
ing an operating and indicating mecialisir ex 

dying my invention which is set, its rain; , 
linear operating differential gettyse: ; Fo ;a 
ables as indicated or line Scale of c33ra, 

Fig. 2 is a diagrammatic viety of 5. 3., of 
mechanism illustrated in Fig. sagging as 
tion of the parts “when the leading (): indees in 
eat pressure increases oya. 33aotai, iglicategic: 
the calibrated Scale, 

Fig. 3 is a view similar to Rig. 3 satisting 23 

trolled pressure is increased corresponsing: 
Having reference to 3ig. 2 of the iraving Ya3 

operating rechashis: Ci againicating ratic 3:33 
Sure controller is snown raouinieri or 3, Saikaaie 
backing giate 3 by wiich this asseniy Yasy Rise, 
conveniently attached to an instruireni, gase shot; 
illustrated, he mecharisa is provided with in 
dicating pointers 2nd 38 8:ad a setting indicato: 
52, hereign shown as adapted to coogerate yith a 
pressure Scale 33, it keeing agadierstood has, ine 
pointers and Scale ray be replaceti y get aigns 
aad E chart if desires, and fic the that the dievice 
is equally well adapted for the control of emi 
peratra, i.evel, rate of sowy or cijaser variable. 
At it is an aSSenioly Support, is claiding 3, cir 

cular portion 3 and an extension 33, the circular 
portion being rotataly gaolinted on the acking 
piate 9 by nears of a fixed bearing ring 3 and 
having 2 gear segment 38 in 2shing with a piaion 
19, which is in turn mounted on 2, shaft, 2. The 
shaft 2: may be provided with a, squared and 
suitable for a key, not shown, isy which he as 
Seringly support, arrin gray be rotated in a clock 
Wise or colunter direction. The setting indicator 
2 is attached to the circular portion 85 and 

serves to indicate the diffei'eria Setting in a 
manner to be described. The exersion 3 Enay 
carry a nozzle 2: Anointed on a, insenser 22 Se 
cured to the extension. Cooperating Hith the 
snozzle 2 is a flapper 23 Secured at one end to a 
3an follower arm, 23 and pivotaly Sapportex at 
35 to the axtension $, he free aná of can foll 
lower 23 is supported on a can SS to be described. 
While have herein shown one yea of nozzle. 
fiapper gonstruction, it will be iriderstood that 
any slai control mechanisza may be eighployed, 
A convenient operating fluid, for exampie, air 

may be supplied under presslie to the nozzle 2 
through a line 2 having a restricted orifice 2. 
A pipe 28 may connect the nozzle Siae with a 
motor valve 8, herein. shown in conventional 

  

  



2. 
manner as governing fluid Slova through a line 
to way the value of a dependent variable, or 

the pipe 28 nay connect with any other power 
operated device suitable for governing any de 
pendent variable, the value of which may be de 
sixaoly controlled in some predetermined relation 
to the value of an independent variable. The 
nozzie 2 (, line 26 and pipe 28 constitute a simple 
form of pressure system for actuating power 
operated devices, as referred to above, either di 
rectly or indirectly through a pilot of any stan 
dard construction, the particular form of pres 
sure system employed being immaterial to the 
present invention. 
The ratio movement by which as 

between the value of the controlled pressure and 
the value of the independent pressure may be esr 
kaolished and maintained is comprised essential 
ly of four members which are so arranged in re-- 
spect to their relative positions and movements 
as substantially to constitute a parallelogram un 
der all conditions of setting and control. These 
members comprise an arm 29 rigidly secured to a 
pivot shaft 30 to which the pointer is also 
rigidly secured; an arm 3 rigidly connected to 
the pointer which is in turn mounted on a 
pivotal shaft 32, the shafts 30 and 32 being here 
in shown as arranged in straddled relation in 
stead, of having a common center of rotation as 
is also usual; and a lever 33 and link 34, the lever 
being pivoted at one end to the free end of the 
arm 29 and at its other end being arranged to 
carry the cam 35, and the link being pivotally 
connected to the lever 33 and arm 3 as shown. 
The can 35 may be adjustably secured to the le. 
ver 33 by means of a frictional mounting such as 
a screw 36 or the like. 
The pointers to and it may be actuated by 

helical coils 37 and 38 respectively secured to the 
plate 9 by supports 8, the former coil being re 
sponsive to an independent variable, by means 
of a pipe 39, and the latter coil being sensitive to 
a controlled variable which it is desired to main 

selected ratio 

2,234,795 
pendent variable is soline raultiple or sub-multi 
ple of the value chs2age of the independent vari 
able by Swinging the csim about its mounting on 
airm 33. When the can 35 is tilted in a counter 
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clockwise direction about its pivot 36 the value 
of the dependent variable changes as a sub 
multiple of the value change of the independent 
variable, and when the can is tilted clockwise 
the opposite occurs. By changing the shape of 
the can the value changes Emay be made to con 
form to a square root function or the like. 
The operation of the device is as follows: 
Eaving reference to Fig. , assuming that the 

value of the independent variable is twenty, as 
shown by pointer 9, and the dependent variable 
is to be maintained at a constant differential 
value of ten units higher, the assembly support 

is rotated by the pinion 9 until the setting 
indicator 2 shows a unit differential of ten on 
the calibrated Scale 3. The rotation of assem 
bly plate 4, for example, in a counter-clockwise 

s 

30 

35 

direction to move the Setting indicator 2 from 
2ero to ten on the calibrated scale 3, moves the 
nozzle 2 away from the flapper 23 reducing the 
nozzle pressure 2nd by means of suitable control 
mechanis: n, governed by the pressure in pipe 2, 
causes the value of the dependent variable to in 
crease to thirty on the scale as indicated by 
pointer . The movement of pointer to 
wards thirty on the scale swings arm 29 about 
its fixed pivot 3 lowering ever 33 and cam 35 
and moves the apper toward the nozzie 2 to 
reduce gradually the rate of increase of the de 
pendent variable and finally to check its increase 
entirely. When the pointer arrives at thirty 
on the Scale the apper-nozzle relation has been 

. . established to maintain the dependent variable at 
that value. Thus a standard instrument setting 

40 

tain at a definite ratio value relatively to the in- . . 
dependent variable by means of a pipe 0. The 45 
free end of the coil 3 is adapted to rotate an arrin . 
4, pivoted on a shaft. 42, at the center of the 
coil and is arranged to move the arm in a coun 
terclockwise direction on an increase of magni- . . 
tude of the independent variabie. The pointer 
AO may be operatively connected to the arm 4 by 

... a link 43, by which means the pointer is posi 
tioned on the calibrated Scale 3 in accordance 
with the value of the independent variable. The 
pointer may be in operative connection with 
the helical coil 38 by means of arm 44 and link 
45 arranged in a similar manner to the connect 
ing parts described. The coil 88, which is re 
sponsive to the magnitude of the dependent vari 
able, positions the pointer fl over the calibrated 
Scale 3. 
The cam 35, and ratio movement, including 

pointer arms 29 and 3 ?, link 34 and lever 33, de 
Scribed above cooperate to position the flapper 
23 in relation to the nozzle 2 in accordance 
with the relative positions of the pointers 0 and 

. As shown in the drawing the cam surface is 
laid Out Substantially on the arc of a circle and 
the cam is positioned in such a way relatively to 
the lever 33 and follower 24 that a change in 
value of the independent variable is followed by 
the same change in value of the dependent vari 
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able in order to maintain a constant differential 
between the two variables. The action may be 
varied so that the change in value of the de 75 

mechanism, which is used for setting the control 
point of a single variable, may be used without 
any mechanical change for setting the differen 
tial between two variables. 

Having reference to Figs. 1, 2 and 3, if it is as 
Sumed that the independent variable increases 
forty units in the course of operation, arm 4 will 
be rotated counter-clockwise by coil 37 and by 
means of link 43 will move pointer 0 from 
twenty to sixty. Arm 3 is thus rotated in a 
counter-clockwise direction around its fixed piv 
ot 32 and by means of link 34 turns lever 33 and 
can 35 in the same direction about the pivotal 
connection of said lever with arm. 29. Movement 
of cam 35 as described serves to raise follower 24 
and consequently flapper 23 from the position 
shown in Fig. 1 to that shown in Fig. 2 thereby 
effecting an increase in the value of the depend 
ent variable. Increase of value of the dependent 
variable will cause helical coil 38 to unwind and 
rotate arm. in a counter-clockwise direction. 
Link 46 will thus move pointer if from its posi 
tion at thirty on scale 13, as shown in Fig. 1, to 
position seventy on the scale as shown in Fig. 3. 
As pointer if approaches seventy the arm 2 is 
turned counterclockwise around fixed pivot 30, 
and lever 3 and cam 35 are lowered to cause the 
flapper 2 to approach the nozzle 2 to reduce 
graditially the rate of increase of the dependent 
variable and finally to check its increase entirely. 
When the pointer arrives at seventy the re 
quired nozzle-flapper relation is established to 
maintain the unit differential between the vari 
ables. If the independent variable decreases in 
Value, the opposite occurs. 

In general the operation of the ratio movement 
is such that the selected differential is deter 
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mined by the hand setting, and thereafter the 1: 
independent variable-establishes the control set 

sting for the dependent variable around which the 
a dependent variable operates. While one partic 
ular form of the invention has been described in 
detail in order that the constructional features 
may be clearly understood, it will be obvious that 
the detailed character of the description is not 
intended as definitive of the scope of the inven 

stion, the underlying principles of which may be 
embodied in various forms. 

; : In the claims: 
1. A. ratio control movement for connecting 
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driving members and a driven member and in 
cluding in combination, a lever having a fixed 
pivot which is rotatable about its pivot in ac 
Cordance with movement of One of Said driving 
members, a floating lever pivotally mounted on 
said lever at a point apart from its fixed pivot, a 
second lever having a fixed pivot approximately 
at the pivotal mounting of said first lever which 
is rotatable about its pivot in accordance Witti. 
movement of another of said driving members, a 
link pivotally connected to said second lever and 
to said floating lever at points Suhaitantially equi 
distant from the pivotal mountings of each of 
said levers having an effective length. Substan 
tially equal to the effective length of Said first 
lever, and means operatively connecting said 
floating lever with said driven member, said 
means and Said link and evers combining, when 
the levers having fixed pivotal mountings are ro 
tated in the same direction by said driving mem 
bers, to effect movement of said driven member 
in one direction by one of Said driving members 
and in the opposite direction by another of said 
driving members, 

2. A ratio control movement for connecting 
driving members and a driven member and in 
cluding in combination, a lever having a fixed 
pivot which is rotatable about its pivot in accord 
ance with movement of one of Said driving men 
bers, a floating lever pivotally mounted on said 
lever at a point apart from its fixed pivot, a Sec 
ond lever having a fixed pivot approximately at 
the pivotal mounting of said first lever which is 
rotatable about its pivot in accordance with 
movement of another of said driving members, a 
link pivotally connected to said second lever and 
to said floating lever at points substantially equi 
distant from the pivotal mountings of each of 
said levers having an effective length substan 

3 
equidistant from the pivotal mountings of each 
of said levers having an effective length substan 
tially equal to the effective length of said first 
lever, said floating lever having a free end ex 
tending beyond its pivotal connections, a cam 
mounted on the free end of said floating lever, 
said cam and said levers combining, when the 
levers mounted on fixed pivots are rotated in the 
same direction by said driving members, to effect 
movement of said driven member in one direction 
by one of said driving members and in another 
direction by another of said driving members. 

4. A ratio control movement for connecting 
driving members and a driven member and in 
cluding in combination, a lever having a fixed 
pivot which is rotatable about its pivot in ac 
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4. 

cordance with movement of one of said driving 
members, a floating lever pivotally mounted on 
said lever at a point apart from its fixed pivot, a 
second lever having a fixed pivot approximately 
at the pivotal mounting of said first lever whicn 
is rotatable about its pivot in accordance with 
movement of another of said driving members, a 
link pivotally connected to said second lever and 
to Said floating lever at points substantially equi 
distant from the pivotal mountings of each of 
said levers having an effective length substantial 
ly equal to the effective length of said first lever, 
a can mounted on said floating lever, said cam 
and Said link and levers combining, when the 
levers mounted in fixed pivots are rotated in the 
same direction by said driving members, to effect 
movement of said driven member in one direction 
by One of Said driving members and in another 
direction by another of said driving members, 
and means for tilting said cam in respect to said 
driven member to vary the ratio of movement 
imparted to said driven member by one driving 
member in respect to the movement imparted by 
another driving member. 

5. A ratio control movement connecting driv 
ing members and a driven member and including 
in combination, a pair of angularly disposed 
members having fixed pivots each of which mem 
bers is rotatable by a driving member, a second 
pair of angularly disposed members pivotally 
mounted on said first pair of members and pivot 
ally connected to each other substantially to form 
in conjunction with said first pair of members a 

5 

tially equal to the effective length of said first 
lever, a cam mounted on said floating lever in 
operative connection with said driven member, 
said cam and said link and levers combining, 
when the levers mounted on fixed pivots are ro 
tated in the same direction by Said driving nem 
bers, to effect movement of said driven member 
in one direction by one of said driving members 
and in another direction by another of said driv 
ing members. 

3. A ratio control movement for connecting 
driving members and a driven member and in 
cluding in combination, a lever having a fixed 
pivot which is rotatable about its pivot in ac 
cordance with movement of one of said driving 
members, a floating lever pivotally mounted on 
said lever at a point apart from its fixed pivot, 
a second lever having a fixed pivot approximately 
at the pivotal mounting of said first lever which 
is rotatable about its pivot in accordance with 
movement of another of said driving members, 
a link pivotally connected to said Second lever 
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parallelogram, and means for operatively con 
necting one member of said second pair of mem 
bers to said driven member, said means and said 
pairs of members combining, when the members 
of Said first pair of members are rotated in the 
same direction by said driving members, to effect 
movement of Said driven member in one direction 
by one of Said driving members and in the oppo 
site direction by another of said driving members 

6. A ratio control movement connecting driv 
ing members and a driven member and includ 
ing in combination, a pair of angularly disposed 
members having fixed pivots each of which is 
rotatable by a driving member, a second pair of 
angularly disposed members pivotally mounted 
On Said first pair of members and pivotally con 
nected to each other substantially to form in 

: combination with Said first pair of members a 
parallelogram, and a cam for operatively con 
necting one member of Said second pair of mem 
bers to Said driven member, said cam and said 
pairs of members combining, when the members 
of said first pair of members are rotated in the 
same direction by said driving members, to effect 
movement of Said driven member in one direc 

and to said floating lever at points substantially 75 tion by one of said driving members and in an 

  




